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Abstract

Today, most of the energy consumption worldwide is dependent on fossil
fuels, leading to the depletion of limited fossil fuels reserve. Many municipal
solid wastes (MSW) or agricultural wastes contain a great amount of cellulose,
which provides plentiful organic substrates for biohydrogen production. Use of
agricultural waste to product biofuel not only to solve the waste problem but
also reduce the cost of renewable energy production. Tea is a popular daily
beverage in Taiwan currently. Preparation of such beverage generates a
significant amount of waste tea leaf, which is a cellulosic waste. Such great
amount of waste tea leaves can be used for hydrogen production by using dark
fermentation. The objective of this study was to investigate biohydrogen
production from waste tea leaves by rumen microflora whose methanogenesis
activity was inhibited by chemical inhibitor 2-nitroethanol (2NEOH). The
experimental design method response surface methodology (RSM) was used to
evaluate optimal conditions for hydrogen production. The results showed that
2NEOH had greatly reduced methane production after 10 successive
subcultures. Boiling waste tea leaves in hot water for 30 minutes as substrate
can improve hydrogen production with hydrogen production yield(HY )of 1.13
mmol H,/ g COD. With RSM, the culture optimal condition for hydrogen
production was found at 57°C, pH 7.2, iron(ll) concentration of 160 mg/L and
substrate concentration 20 g/L with maximum hydrogen production yield 1.15
mmol H,/ g COD, hydrogen content was 19.54%. Community analysis by
PCR-DGGE showed that an anaerobic thermophilic non-sporeforming
bacterium Thermohydrogenium kirishiense was found in the mixed culture after

treating with methanogenic inhibitor 2NEOH.
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Fig 2-1 World carbon dioxide emissions from fossil fuels since 1965 ( British
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2. % % f%;2 (Photoelectrochemical water splitting )
RET RIS Ba g 5 Fia- fa2 2 0 i §F A 7 ky

PenX ERI PR o K E G Rt A B s T A TR * g

)

sy

=
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¥ # (IPPC,2007) &2 g jzizdpA= k% 3 —%31%1% PR AE® KN4
27

light+catalyst .
2H,0 ———— 2H, + 0, (3 2-7)

243 4 %32

RO AR SEE SRR SERRNPICIE LR s e I 5 W - S - S A 1 ]
iR e ARY FEERLF T N AT EDERETRES B ALK
PR R T 0 R0 g B ARE R A]E o A A b e fodp gt s gL
BobmRe iy LG WRASGAD EAS - REERASFEE
AR REEST RERD P AR o

2.4.3.1 & & i¥* (Photosynthesis)
E £ % {2 (Direct biophotolysis)
FRERLE RS LTS FIED LG FF K Rk d
th- 864 (Fig2-2) e 45 % & 5 5L PS1 fo PS I s jz % it &
AfERAFRAL L F o B2 DIREE TR AR R R PIEET

S e v AR A - 22% ek i g4 2§ (Azwaretal., 2014 ) -

2. B4 f2 (Indirect biophotolysis )
F'&%Q"a}?*q-\;ﬁd MEESH JI* PRAIFLEAIRF BE > RF
i BRETAAF 2 AL G F iR % F BT RBEH XL DT Lo
BB RIEET o pF - BHIY AR K Y R e
Gk A F (028 BEFTIRBLEL NS ;ﬁd nitrogenase %
hydrogenase & # & # > & & ie* pF CO ik ia s ¥ FRAFREFTHETE §F

2z HE RN 4oV 2-9~10 (Azwar et al., 2014 )
6H20 + 6CO2 + light - CcH1206 + 602 (74 2-8)

CeéH1206+ 2H20 — 4H2 + 2CH3COOH + 2CO: (54 2-9)
9



2CH3COOH + 4H20 + light - 8H2 + 4CO: (3% 2-10)

2.4.32 @z te* (Fermentation)

1 %P

KRS EE L wAL BR B R TR R B WS T
FAro F R ARG - B L R £ % 2 F (Purple

Non-Sulfur bacteria, PNS) 2 4 > © ¥ 11 4t % & §RE chif it 42 Tk

¥
f’%’]canb/)il 5‘3— ﬁﬁ#‘ﬂ (-&r'éjh%’a}%‘\‘z, ;:—;_) ’?A}ﬁ*fé):?; “fl‘*”};},@
4 Fig2-3 2 2112 £ 212 (f# £ 5 » 2006) :

light+catalyst

C6H1206 +2H O —_— 12H2 + 6C02 ( 5\‘ 2‘11)
light+catalyst
C2H4_02 +2H20 T 4‘H2 + ZCOZ ( 5\‘ 2'12)

FifF 7 7 nitrogenase 2 % hydrogenase & fEf % kA 2 1 3
nitrogenase &-F§ R pFs & A2 & F o AN AL R A A
A d K R A u4ev 2-13 3 58 2-14 (Azwaretal., 2014 ) -

hydrogenase

2H* +2e- — H, (5% 2-13)

nltrogenase

2H* + 2Fd,oq + 4ATP ————— H, + 2Fd,, + 4ADP + 4P, ( ;% 2-14)

Fd,eq : reduced ferredoxin
Fd,y : oxidized ferredoxin

Pi : phosphate

10



' %
o o
2 &
PSIl
H,0 O,

Fig 2-2 Direct biophotolysis of green algae or cyanobacteria. ( Azwar et al.,
2014 ) .

Bacterial
photosystem

Fig 2-3 Photo-fermentation processes by photosynthetic bacteria ( Azwar et al.,
2014 ) .
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2. o iR pf
WAL AIHEF DR T  LF LA RS Y AT B

PHESTF P22 -F RO R AEBRE Y HE 2B RH
& > A~ wl %ok f& (Hydorlysis ) ~ f& it ( Acidogenesis ) fr 7 = it
(Methanogenesis ) - iz i@ AZPF > ficd 4 § L BB HAF fe g bk 13
SR AP HPES g iR REET G R[R S S 215 GORMERES § 5 M
HIE R

C12H3,04; + H,0 = 2C4H;,04 (5% 2-15)

BFiA p R ok A P E e S g B R A e R
FRSTRAREE ARDERIERS RERE  FRLERIELE
B4 & #2n o g g a2 d § o 5 216 2 2-17 S EAEE ¢
e g F enF RS (Osrtem, 2002) :

CoHy,0p + 2H,0 = CH;CO0H + 4H, + 2C0, (5 2-16)

CH,CH,OH 4 2H;0 - CH,CO0~ + 2H, + H* (3% 2-17)

BB S IFE T RFERCEREEE L F I EEST = 2 F 0
BLo B BIEER T L Pz (54 2-18 2 20) (Verma, 2002) :

CO, + 4H, - CH, + 2H,0 (4 2-18)
2C,H.OH + CO, —» CH, + 2CH,COOH (4 2-19)
CH,COOH — CH, + CO, (% 2-20)

BERABEEZY > A F ERAPFASF A 3R A4 I RT
%P/\ g&}t\?lrﬁ:}l/}{ﬁ}aﬁé“/ﬁ%;u’]é ;r:}_g_‘

3
Bl §F A B - B AL L B Sk 0§

12



A4 PIeF 2 A G A4 5p4e Clostridium. sp 288 e # s A & hiFf
( Krupp and Widmann, 2009 ) -

Table 21 H9L 7 2 4 & & cHifeBh% 48 o dp AR Y > DR EA
TRz TSt B RRE A B RPAE A 2 ALK
FOLHIRPER L IT R FF o TR RSB R PA § RS -

13



Complex polymers
(Protein, Lipids)

Hydrolytic bacteria

Monomers
(Sugars, Amino acids, Fatty acids)

Fermentative bacteria

Y

Propionate, Butyrate,

Alcohols
Acetogenic bacteria
v v v v
H,+ CO, > Acetate
L 2
\
Acetate
H, + CO,
Methanogenes v
> CH,+CO, [
Methanogenes Methanogenes

Fig 2-4 Schematic representation of the anaerobic dark fermentation digestion

process.
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Table 2.1 Compare different biohydrogen production process

Type

Process

Advantages

Disadvantages

Photosynthesis

Direct biophotolysis

Indirect bio photolysis

- H, can be produced directly

from water and sunlight by Algae

Cyanobacteria produce hydrogen
from water via the ability to fix N,
from atmosphere

- Requires high intensity of light,

low photochemical efficiency
and is sensitive to O, inbition

- Uptake hydrogenates are to be

removed

Fermentation

Photo fermentation

Dark fermentation

--Wide spectral energy can be used

by Photosynthetic non-sulfur
bacteria

- Produce H, without  light by

Heterotrophic anaerobic bacteria

- No oxygen limitations and

produce several metabolites

- O, is inhibitory on nitrogenase

enzyme and light conversion
efficiency is low

- Relatively lower H, yield, these

reactions become
thermodynamically
unfavorable




2.5 BEEFEA & 184
Mt a8 TRE A3 MR IFLR A S g P Ap I R S o
a2 TR F AL E AP SO AR IFTRET IR LA
ANAEREEF AT RILEAFF O ASETIRBINA
foend § oo Flp oo AABeuEeY B o BEREARIIY AL 9 217
® NADH % # 4_% Butyryl-CoA > hiziE42 7 € i 44 NADH,> 44
§ v :BRitr (Ferredoxin) Ra2 A20a B H -

C4H;,0, + 2H,0 - CH,COOH + 4H, + 2C0, (£ 2-21)
C¢H;,0, + 2H,0 — CH,CH,CH,COOH + 2H, + 2C0, (3 2-22)

A Clostridium sp.® » i glA$ T3 R A i & 24 ¢ feenjicd Fde
Clostridium thermolacticum (Collet et al., 2005 ) » Clostridium ljungdahlii
('Younesi et al., 2005 ){= Clostridium phytofermentans ( Warnick et al., 2002 ) -
i A e faz 7 henpie 4 47 3 Clostridium butyricum ('Yokoi et al., 1998 ) ~
Clostridium cellulovorans ( Sleat et al., 1984 ) ~ Clostridium baratii ( Cato et
al., 1982 ) 4v Clostridium cochlearium  ( Laanbroek et al., 1979) > 12 2 1 &
A 7 paenpic 4 4 Clostridium herbivorans (Varel et al., 1995) {= Clostridium
kluyveri ( Schoberth et al., 1969 ) -

Clostridium sp. » 2§ § #64 + & (T2 A & ™ BB A2 (Fig 2-5) »
- B4pL g d EMP (Embden-Meyerhof-Parnas pathway ) i & i& 7 4Ef% (%
* 4 = Pyruvate &2 NADH > £ % d hydrogenase ¥ ferredoxin # NADH &
# A& NAD' # @ #-c4 § > #& ¥ Pyruvate 5 p% 2 %5 F g #% 2
Acetyl-CoA- % iziE4%2 ¢ £ %5 d hydrogenase % ferredoxin & &> 2 = & § -~

- § “EZ 7 (Mazzoli, 2012)
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Glucnae

HAD'

(FdlANADH
NADH LO5E
+H* Fdr” L

1SBPG

l
Pyruvate

Formate =
2H

Fhl

H;

co, —l <

hcetalciehyde + Acetyl-CoA
p ADP ATP J'
NAD- NADH+
AEEWI-PL/—"-

H* Acetate
MADH + H*
Acetoacetyl-Cof
NAD(P}H + H*
NAD® MAD{P)* D Acetoacetate
Ethanol 3-OH butyryl-CoA
r
Crotonyl-CoA Acetone
NAD{P}H + H‘-H"‘ﬁ
NAD(P)*
NAD{P)H "
| + K MAD(P)
Butyryl-P Butyry|-Coh Butyraldehyde
ADP NAD(PJH + H*
ATP NAD(P)*
Butyrate Butanol

Fig 2-5 Hydrogen production pathway in Clostridium sp, Fd, ferrodoxin; H,ase,
hydrogenase; Fhl, formate hydrogen lyase ( Mazzoli, 2012) .
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26 BHEEAE AT
261 gk B
A k% (Lignocellulose) = f8 4~ v Rena & & 4 > 2 p A&
B2 gy 523 & 5 ez (Cellulose )~ 4 % (Hemicellulose )
2 A% (Lignin) = &= & #ri = » B 973 gt b ¢ 199548 4 hfdag 7
o § 907 o bldeff mend Rk g R0 00% 0 A - A A EA R
7 40~50% -
FadEd §EpEE MY B REH (B-14glycosidic) dEip @ = ek 48
SPERE 0 9 8000 2 10000 B § F 4TS 0 Keapt 2 BRIE
HEA) % P BB R S B o (orystalline area) 11 3 | BTt

28 % (amorphous area) = #& 2] ik 4- Fig 2-6 ©

A.
_‘ " '))H M
l

N /

CHzOH # OH CHLOM n

AMOF PhaL are crystalhine area

Fig 2-6 Structure of cellulose (A) single cellulose fiber showing B-1,4
glycosidic linkage of glucose molecules (B ) Cellulose fibres showing
crystalline and amorphous areas (Jaworska and Vogt, 2013 ) .

hfpdmre R g R AR AT R R ik ke R A
- BFR NS (Fg2-7)0 d S0 h [ B4 o b p SRS T AR
fRo k@R ad et TRIFE AT AED F AFAMBNE Y
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TR G R ch Rk 3 RS 4 LAHF RS RFAEIRE R DL &
W AARMEF I AT RSB g T AES R R DT o - KR
Frd it 2 N ee AT CRBL O AZH AR 07 AR TR

BRAEFARRE D R R RISk o

Hemicellulose

Cellulose band T

Fig 2-7 Cellulose microfibrils in plant cell walls ( Lope et al., 2011) .

262 @t kirpEd
At okirld AR RS T A3 R RS £ A2 KRR

BEeITH W KEEEY VERIRITY B L Z 2N AR R R
Kk f& p%¥ % (Endo-1-4-B-D-glucanase) ~ # =+ 4] % & % -k f& p¥ 2
(Exo-1-4-p-D-glucanase) 2 B-% § #:+ f* (B-glucanase) -

LR o2 d K iR

R Alg A kAR A LR LA T AR Y s AR
Vi B LA B-l,4-j‘;;§=ﬁ*£}é’-*7 ¥ro RARE S REDH F B
K F o
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2.0 A g E K RS

R ERREEE AR (T AR BB AR HERE > H X
ViR ITY 2% 4 5 % AR ka0 Cellobiohydrolyase | (CBHI) % iF
* 4 2538 23 <0 Cellobiohydrolyase IT (CBHIT ) » #-p 7 A 4% S K f2 % % *»
T ey A TR w2 g a4 (Cellobiose ) £ &
( Cellodextrin ) -

3B-F 5 A

B-# H A AL & ok i gt AR R SR AF R kR
Ty amE - A3 s

2.7 A & &2 ¥

GpARY HAFFITUAL LM F A B S F o RS

1. Bacillus
E- AR EFABEATIZ2 55 o Kumar 382 L3 d ogpd
2_ Bacillus licheniformis ¥ 1z fet=t 2 R a5 7 1§ F 4B AT & 24

P+ 13 L Hyo/mol glucose ( Kumar et al., 1995 ) -

HF A M2 g
1. FE'scherichia coli
Ecoli At Bigd 4 Hv Lz et o8 - fEE I

£ A 5122 7®ik F 0 ¥ 0 d formate hydrogenlyase i # #-9 pedg ik = &

E:0

FEZF U@ eom T Ecoli MEFHLATHYT 2 091 mol
F 1 Ap -
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H,/mol glucose ( Blackwood et al, 1956 ) -

2. Enterobacter

AR EAP L - i skt o Pyt - BRI
2 3 2 g 1 2 Atk Enrerobacter aerogenes v 02t 7 F H § b~ F-v 0k 2
AP 22 021 LHyh/L medium 2 & § (Tanishoetal, 1983) -

R¥ Aa kAP
1. Clostridia
:éﬁfa??”’\l‘%'fé‘_é_‘ﬁéi%&ﬁ’ AR AR aF R FF AL

T FfA kR o Chin ¥ 4 287 3 8 g Ad2 1 F Rk A g2 Clostridium
acetobutylicum & § 4 5 AF P&~ A2 2 £ 5 2mol/mol glucose (Chin
et al., 2003) - j&~ B 7 R @ FRmEEE~ B¢ 2 45 2 Clostridium
butyricum CGS2 %2k % AR A 2 & 11.9.95 mmol/g COD 2 i §
(Chenetal., 2007 ) - Clostridium butyricum ATCC19398 7 ¥ & % % i » »
PHC2Z AT F i FH AT T T 744 1.8 mol/mol/glucose 3
# (Linetal., 2007 ) - Clostridium thermolacticum 5 j&_7 i# & 3=k &~ 42
AL Fp e MNP AFTET 1A D 3mol/mol/ lactose 2 &  (Colletetal.,
2004 ) o K RE &k ¢ A g d g Clostridium butyricum CGS5 A2 A pE &
AFRET A2 34 § 0.73 mol/mol xylose (Loetal., 2008) o iRk ® »
g2 Clostridium sp. 6A-5 % 16 g/L glucose = FA B2 T &7 & & # i s>
HE& <+ A3 & % 2.50 mol Hy/mol glucose (Cai et al., 2013 ) - Clostridium
cellulosi D3 % r &k a4 5 AF P > ¥ 1 &2 2 41 1.2 mol Hy/mol glucose <&
F (Caoetal., 2010 )~ j& k& =& # & &2 Clostridium butyricum CWBI11009

r1 5 g/L glucose % & & pF# 2 & 2 1.69 mol Ho/mol glucose 2. & § (Masset

21



etal.,, 2010) -

2. Methylotrophs
Methylotrophs & _# r2 4] * B g it & % ez R 2 & 2 2 4 - Kawamura
EAOBF - RS R P 4 dg2. Methylomonas albus BG8 12 2 Methylosinns
trichosporium OB3b sc e /fik% cnif 2 T U P2 S p iRt A3 5 > MRS
AFET AT R A E B 1iE 5] 245 {0 0.61 pmol Hy/ pmol formate
( Kawamura et al., 1983 )

3. Rumen Bacteria

A EEBREERS R Y R FRE R T A PR E G F - =
F i pz jc2 $ - Ruminococcus albus & 4_F7 7 U f FAE S AR RFEE 1Y
# 4 2.37 mol Hy/mol glucose 2= 2% (Nadi and Sengupta, 1998 ) » — #Rj¥_*
#g & i ~ #J e Ruminococcus luti » 428 T g R i- & P pEpF L & &

-

54 % ~ ¢ paz yhaapst (Simmeringetal., 2002 )

Fagd v H SEgE AR T HE A R R R P
gk EpEE T B ES Ar g A fiE — BN ABE DR G B E T g
FWhFFARRAE S ROFE BT LS AR BT -
BE > v e S E e P B i g %21,%!@ ke
Efeiy 5 g N RS MCE o R e E o £ R iTd 2 Fev v (Hall and

Silver, 2009 )o % 5 fir 2 $ B2k K R e & L8 A s chl & B4

EFREE R EHAI B G M S R FE kR
2 A & copicA froTable2-2 B3 p v e 5 % 5 G FERY A 3 MR
Fohd g oo
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Table 2-2 Hydrogen production from various substrates by using rumen microflora

Microbial source

Substrate

Hydrogen yield

Reference

Rumen fluid

Cattle manure
Cattle manure
Cattle manure
Cow dung compost
Cow dung compost
Cow manure

Cow manure

Cow manure

Cow manure

Cow manure

cellulose (5 g/L)
waste milk (40 g/L)
sucrose (20 g/L)
corn stalk (15 g/L)
corn stalk (20 g/L)
sucrose (14 g/L)
xylose (5.79 g/L)
cellobiose (6.6 g/L)
glucose (6.25 g/L)
lactose (6.95 g/L)
soluble starch (6.25 g/L)

0.14 mol H,/mol hexose
59.5mL/g LVS

0.67 mol-H,/mol sucrose
129.2 mi/g

144.3 ml/g corn stalk

2.15 mol H,/mol glucose

0.56 mol/mol monosaccharide
2.68 mol/mol monosaccharide
2.65 mol/mol monosaccharide
2.17 mol/mol monosaccharide

1.73 mol/mol monosaccharide

Nissila et al., 2011

Lateef et al., 2012

Nagamany Nirmalakhandan, 2011
Fan et al., 2008

Song et al., 2012

Wu et al., 2010

Yokoyama et al., 2007

Yokoyama et al., 2007

Yokoyama et al., 2007

Yokoyama et al., 2007

Yokoyama et al., 2007




281 B RB
ERNARPHA P E NS R F R il d B AR I
ST AP bt B el poauE i s TAE R SPHA RS KA

(e}

’ﬂirﬁﬁﬁf’iﬁj/ﬁ_&?ul}E A (30 38C)'f‘-"r§m. (50 55C)’ e
FEHED 0 BB L TR L F e ol e 4
‘,!.’m'““iﬁ_jiﬁ’l%OZhangEﬁ*“‘ﬁi”l PR 3ICIrB B S5CH FiEirT™ &

ars

@ %% (Zhangetal,2003) F 2% 4P » AF B iEid2 T %

-

wi%ﬁﬁ:# EREFAEPERBNY RS BT 0L IE AT

JoEHCE gl £

2.8.2 pH
pH E R Fc2 = L infefEp 4 & 0E & %1% > pH & ¥

N
=
|rm).
P
e
=g

@y
=
\
Ry
a
=
H

hydrogenase /& 14 2 e g2 P (Rabhie /2 0 2t pH 2 7 &
B @EETE AP ad B g XTIRE
mp AREE Y o pH Rl 527 0510 2 B0 - ik Pk it

£ pH A fhpHT » £ 0 eenfBel i BT 00 2 5 iR & iRk 0

BHZT o PWEG R YREHNAL B pH FROF Y Sl
PR A & Fr & 0 B & pHS~7 2 B (Kawagoshi et al., 2005) > 4 pH &
MAEXF AP TR gL IIREFS B2 E o

283 4~ 437 kR
i ips (hydrogenase) - fhst g it & § )= Of¥ % o Bl 4 H

MUEFTEFRECETFE CRRE R F Aot 2-230 5 M EET R
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P RS e A L4848 F v f5 ([Ni Fe] hydrogenase ) ~ 4848 ¥ 1 fis
([Fe Fe] hydrogenase ) f-H 4 ¥ i = ([Fe] hydrogenase) = f& » H ‘g Hi4c
Fig 2-8 #5% o

H, <> 2H" + 2¢e” (5% 2-23)

BBF CELAFTERLRLDT VEE o F T beFTre BT 0 S8
FOCEER)E G S Hoenpd Fdeg o2 A& 5 Y B EEF P e Clostridium sp.
RLaBiEr g2 A2 0% LinE A1 4843 Fe” NiZuz

Mg™ & & # st PR SR A AP 1 E kPP I Fe® B R
(Linetal., 2002) -

BFEREOTRIL 2 T 0 F A LS § 5 T R 0 Lee B4
EFTER A RIRAMAT BA L EAzORE (Leeetal, 2001) 0 14 4
FeClp 917 3% JAd LB+ > R RE 1771 B H BT 2 42 el ik
B 4000 mg i FeCly» Sk & > & & & M fAeR R 4o @ SR > B
ik % § Ak R 800mg 0 &3]3 131.9 H,mlig  sucrose 13 & -

LRRE PR A G uEARY FAL MM A LT T A 4 S 0 AR
Mol kR AL HE S € 4HicA A 2 #Giend 1 (Linetal, 2002) - Wang
feWan 325 7 3 B4 4T THA L HRE AL 50 F NITRAR & 0-0.1
mo/lL 2 BFpF> A4 B E€EFRANH 4w 2> & 01 mg/L chpFize 8
8% A & § 296.1 mL/g glucose - # 44 4+ Jk & % iF 10 mg/L PR ¢ B

R FHA DL Lo R AL BV ARAG ARF PR Rk DEK

P

( Wang and Wan, 2008 ) -
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[4Fe-45]  COQ [4Fe-4S]
[3Fe-43] [4Fe-4S]

[4Fe-4S] CN- | A\ [2Fe-29]
[4Fe-4S]

[NiFe] hydrogenase [FeFe] hydrogenase

Fig 2-8 Structure of hydrogenase ( Shima et al., 2008 ) .

FAv)

methenyl-H,MPT

C (redox-active partner
R / ;
Sol© ~TNA
TN
co  Cys R

unknown

O,
co ligand

pyridinol

[Fe] hydrogenase



2.9 ° % Fi#w ]
GRE RS PREAEY §F LR BAT A a0 A Al
7l

ZTE GRS RS P RANDE F o BT REPHLAL T mrs

Wy

3
R e @ ind F R E - ARELRAGE G X e ] T R s R
Nissild et al., 2011 ) » e ¢ * # & e 5\
& [4- Enterobacter sp.+ — #3414 > @

Gt B E Rl ST LA BPR T ML P niE e T H T

#iFdrd] (Fig2-9) - bldribe *2m fifin (2-bromoethanesulfonata, BES ) -

Polymers
(proteins, polysaccharides, lipids)

Hydrolysis and fermentative bacteria
4

Monomers & oligomers
(sugar, amino acid, fatty acid)

Hydrolysis and fermentative bacteria

v

Intermediates
/ (propionate, butyrate, alcohols) \

H, / CO, Acetate
Hydrogentrophic €« - ———— Inhibitor — — — — — — N Acetoclastic
methanogens methanogens

CH,/CO,

Fig 2-9 Schematic of inhibition by chemical inhibitors ( Liuetal., 2011) .
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BES & - f&A A" adrd]? = Ft chi- EedH > v A - i
e AR s Masging (Fig 2-10) > @ A# s M E 7 =FEFF - f
Wav o v ALY AR F TR & - fhipF > BES T 1R
B R T AESF BT BEREIY & F 2 3 A ST Rah 3
(Chae et al., 2010 ) -

(a) (b)

1 1
HSCH,CH, S O Br-CH,CH,—S-0

I I

O O

Fig 2-10 Structures of Coenzyme M (a) and BES (b). ( Ettwig, 2006 ) .

%

Anderson & A g 0 @ * g A i &4 (Nitrocompounds) ¥ 143 #j

bAoA R AR 2 90%2 Pk o om BB RS G SR

43% Pz e v B S Frd| T ffrd hg b M R Y AR

s b e %% (Nitroethane) » #2922 i 23T 3 B % Jﬁf J”":T?]’
waks (Andersonetal.,2000) ¥ ¢t &t AR FJ PR AT L7 1 G sk

Fr+#1| formate dehydrogenase % formate hydrogen lyase & 14 » %‘g Pk e
v vz 4 4 (Anderson et al., 2008 ) -

Zhou % & —"ﬂz BERY T A i 5 ZEA 0 2-bromoethanesulfonata,
(BES) ~ propynoic acid (PA) ~ nitroethane (NE) ~ ethyl trans-2-butenoate,
(ETB) ~ 2-nitroethanol (2NEOH ) ~ sodium nitrate (SN ) {= ethy-2-butynote

(PA) ZEprgi&lie 7 7 = Afrdlaw 7 (Zhou et al,, 2011) - iz S e
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KR K,ﬁ% 7 ETB 2 ¢ > ﬁ*““‘"i 4T = F ek 0 2NEOH ¢ fa #r i
99.3%:® = 4 = ~ H =t PA i fgfrd] 75.7%12 2 SN it s3 Fr4] 70.1% "
7% ; Chae % 4 & * BES 2 Lumazine 3=z #r4]2c% ¥ 5 A% T # & &
papzt =#7 3 (Chae etal, 2010) > ~ fkdp & BES i 43§ 2eendrd] ” =2 4]
FEE s P g o AN LA RHE F R X2 A 10 B
Mg EPARLARIFHIT %E > A Lumazine RIA TG gl
= ek o Gongalves ¥ 4 i * 7 BES e Pt FE E o ECHT RO A S
fEf% a7 7 (Gongalves et al., 2014 ) » % % 7 11i¢ * BES &t 3 »x"% i< ¥
mEA A AFTERY T PRV RPAF L F PR HFALT E TS0
g COD/L ; Anderson % * £ 343  2-nitro-1-propanol ( 2NPOH ) -~
3-nitro-1-propionic acid ' ( 3NPA") ~ nitorethane  ( NE ) % 2-nitroethanol
(2NEOH) Zw fAsf L i* & r4|? = 8% i* (Anderson et al.,
2008) > 7 A Fg ¢t 7 e il R Al SRR > 2NEOH ~ NE 2 2 3NPA 3% it 41

>97%0® = > @ 2NPOH 2 © 5 41% -

210 ¥
Eo @A RETHEE a2 AN 10430 e R E 0 - Bk RE B
F LB FE G R AL kR R NFE AEE L A g RS A
A AR € E A A B pariF o FESE R
EFE PR TR A bS iK > m Y FH -
Moo A - MPBIRAER S BHRERR S BST AR AT
SRFECRIBEFETZIRIBFOAPTLLEL G I RYPRET RS
BE BBt B it AT R B F R (- AR B

it oo
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2101 % $ g»

% % ps (Tea Polyphenols) » fi- 2 8 % ~ A8 - A a2 E® S 4
PERHE SR IREF TR R R ¢
@ﬁﬁ%&ﬁi’ﬁéiAw#?ﬁ%%ﬁﬁiﬁiﬁféﬁ%“W&$
* 5% 70% -

Eipanfgt 22¥ B v A - ARGy 1R i ER I
MG odRenr ok 8 5 8 b BT PR o ;ﬁ'ﬂ,fﬂv#\ CrFF LR
FORY BFF R ED ORI R SR ngiﬁr;—t 5 &* (Tao and
Lambert, 2014; Liang et al., 2014 ) - Hara-Kudo % 4 :&{7 7 3= % % i ¥t =
8 ¢ A 3¢ =+ 5 & 7 Clostridium botulinum - Clostridium butyricum =
Bacillus cereus 47 i* * (Hara-Kudo et al.,; 2005)» #-32 + k& 2 7 *
ERDE SRAREERZ T U N FEEEEFR P D B0
k& 1000 pl/mL 3 % i i Clostridium botulinum {= Clostridium
butyricum %32 % #ic% 357 121 = > enfrdliic 4 3= 4 £ > Bacillus cereus B ¥
FRETEEREEAN R SRR YA 2 RSP
F e i dr2 BFerid R e €5 TR oo
211 F Bé & i

W AR RS2 R o il RE - kAT
- BRERF)RGF A RINFIFEFF 2 F P23 MER 0 F Y G
A RS R B TR A 2 EFF SRR RER F]G
FlF 2 R8s NEFESFEDHT] o d 30 F Bd 5 3 FF
o psipl T Bcfd F1 3 2 B Ap 3 cnB Benifpd > P Bt Bt Bl BARS

ook B ~fRAFAPM TS 2 M e S RHciE 2 E

[EA
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2111 F d & R

F W &% 5% 24 BOX fo Wilson = A #7440 > 70 F %7 % iy %
EHF AP ARNFF Z Aoz Bl m > BRI S A& 27 g
PrTAHEE AL AL NMEELZ B LA TNMETF > LT H
F oo B £ U = k8 F)3F %3 (Two level factorial design ) 2 s = g S
= (Method of path of steepest ascent) & 45 d14& B Zhen e 3t > £ F | * ¢
PR &k HiE (Central composite design) % & F sk s cndidy 0 © 2§
¥ 5 (Multiple regression) 4 7= FE o5 endicdp 32 & & 0 £ 1L AL en 0
KREFEP P DR TR U R R SRR E
Bh2 B 2RI ekl o R dRd R G A 4T F) S B edp 3

BT R Sl e e gk (Fig 2-11) -
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Fig 2-11 Process flowchart of response surface ( # - 2011) .
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2112 = R B F]F K3
SoREFG L AL nREFORET G2 2R %6 5
TR TGS BRI kB kR (Table2-3) H-KBEFEFT & RR

B “9:?@ ]%] 3 1E rr Q °
Table 2-3 The design table of 2° factors ( Box and Behenken, 1960 )

NO X, X, X3 Y
1 -1 -1 -1 Y,
2 1 -1 -1 Y,
3 -1 1 -1 Y
4 1 1 -1 Y.,
5 1 -1 1 Ys
6 1 1 1 Y
7 -1 1 1 Y,
8 1 1 1 Ya

*X1-Xs : factors; Yi: response

2.11.3 M2 g =iz

HAREZ AR CFF SARR TV FERZL A S )
Fho< F EREETH A E BRI REBIARE > FE D
BRWMAZEE AT SRS TReFRERE 2 e miE o B IFRE

*REFEFFH AL b (Fig2-12) -

o

Xy

Region of fitted

first-order response
surface
I

Path of steepest ascent

=50

5 =40

5=30

Fig 2-12 Response surface of two variance system ( Montoro et al., 2013 ) .
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2114 ¥ iR 23 5%
(RN SRR ER E LR R PRI a8 et IR
(42-20) re i m B2 =8\

Y = Bro +Z.3le +Z.311X2+Z Z BrijXiX;

i=1 j=i+1

(5% 2-20)

SR R RS A U B AR B R B2 B SRR
BT R E A cBABRALEATEF RN Rk B AR oL
AE > - BREPFTHRITEKGES6 B2 (Fig 2-13) &R <2 F %
ES A LR i AR RN R e E S R
B o

——t————

Fig 2-13 Schematic diagram for central composite design.
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CRGEARNR R REAL R 22 R FEARLATEF B

BlEE o F Sk oA B4 Fig 3-1 #1751 o

Ruminal bacteria

A 4

S Microbial community
Inhibition of methanogens analysis by using

using different inhibit PCR-DGGE

A 4

A 4

Effect on biohydrogen production

Substrate Culture
pretreatment conditions

A 4

Response surface
methodology

A 4
Optimization of
biohydrogen production

Fig 3-1 Schematic flowchart of experimental design.
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3.2 itk kiR

AFTE R IEA AR S LA E LR 2 BT R o R

—\
G

FEpELY ¥ (Rumentube) (Fig3-2) # » §v 2 2 v g b > Flid 5 3
Bed R E AT BT F N Behd R RN FEh 50 mL gre F 0 &
PA TR I ARG R A5 CRERY kB T AT
MBERGAT BRI RERARG SRS FORE o BN L2

(6 B RMAFFT LA 2P0 B5 gL EER T AL T F

Fig 3-2 Schematic diagram of rumen tube and collection from dairy cattle.
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3.3 s &
331 MR kit

AT g 241 Hungate FRF # (RIS K G HRT FET A B2
#ed 4 (Hungate, 1969) » H 4 1¥3% %5 R 4¢ § #k4r B Fig 3-3 #7177 - k¥
hF LIRS MM FF FRREF A
AR R EEECS EES EE R AR RS s A
¢ g B2 3 250~300°C 1448 ~ & F » & F &2 CuO & Jbfs § ¥4 518 R i@
HERIA e d BR8P HEKAE P MR F 0 R T

BYRF FER S B F RO N deT (X3-1):

2 Cu+ 0O; — 2Cu0O

CUO+H2—>CU+H20 (;7\“ 3-1)

N2 [20% co,

+

80% N,

ARER

Fig 3-3 Schematic diagram of Hungate gas station.
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3.3.2 “‘F‘,'%f@ff’ii BAA

LIBEFHCA P A H REGERE B % # (Thermophilic anaerobic
medium; TAmedium) » & 2 4cTable 3-1 #77 - fe 3 FZ B XA A @# * § 7
PR 0 H-m 4% B4R~ Resazurin ¥ F 45 7 | ~ % Trace element solution
(Table 3-2) F B4 » 6B RATH BEAATAEHAELVRER R
AL ErE 60C » R Amg F 4R EF (20% CO,+ 80% Np) 4 » &
# % Jn #| L-Cysteine hydrochloride » 2 34 # pH 7 NaHCO; » % 7|32 & fA i
PIEFLEP RS TT A EIRE & ¥ 0 A KRB TRE & AR
A HIMREMILEE R ABEPORIALE O L NBERRAFSE
779 F (1217C ~ 1.2 kglem®) o ffi B i 4 ~ NaS § £ oAl > i
3z % A Y 8% a % kit £ & A 4o~ Vitamin solution 10 ml ( Table
3-3) % Yeastextract 1 g/L > {EFAE » & ¥4 H10% - AFER 5 50/l

BdA o 3 &Y B C 2.8 & 45 &2 150 rpm #% & o

Table 3-1 Basal composition of thermophilic anaerobic medium

Component Concentration (L™)
CaCl, 0.05¢
MgCl, 0.1¢
(NH,)CI 19
K,HPO, 0.4g
Resazurin 0.5 mg
Trace element solution 1 mL
L-Cysteine hydrochloride 05¢
NaHCO; 49
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Table 3-2 Composition of trace element solution

Component Concentration (L™)
CoCl, 0.05g
CuCl, 0.03 g
FeCl, 24
MnCl, 0.05¢g
NiCl, 0.05g
ZnCl, 0.05¢g
AICI, 0.05g
HsBO, 0.05¢9

Na,SeO, 01g
(NH4)sM0702, 0.059

*fe b B 73R 0 L & 4Bk 48 1mL 37% HCI» £ 4 » 0.5 g Na,EDTA -
% NaEDTA 2 23Rt R4 » B W fc® 2 -

Table 3-3 Composition of virtamin solution

Component Concentration (L™)
Biotin 2 mg
Riboflavin 5mg
Vitamin B12 0.1 mg
DL-Ca-pantothenate 5mg
Pyridoxine-HCI 10 mg
Thiamine-HCI 5mg
Folic acid 2mg
Lipoic acid 5mg
Nicotinic acid 5mg
P-aminobenzoic acid 5mg
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AT 547 Zuou A 2% (Zuouetal,2011)> @ * 7T =57

it £ 4 (Nitrocompounds) ¥ #tzJ2 (Heat treatment) & #-7% % %%
EFY vkiEA & FA Ao {395 Anderson & F 2 F A AT E 8V UG
rrerfrd| Pk Y P pet & fs (Formate dehydrogenase) % 2 e 4 2 fis
(Formate hydro lyase activity ) &4 > %’g—?tb ki PlFed] P kA £ ehp
« (Anderson et al., 2008 ) -

hA G A Y% > @ AT 5oL BRSO TARE BE R 45
e r Z B AV AT & drd A L 2 A A o B8 (2-nitroethanol, 2NEOH )
2-8. v g pa4p (2-bromoethanesulfonate, BES) % s fi&4p ( Sodium nitrate,
SN » # 5igss & i se 2 Frl Al 5 B SRR L2mM - 4 2 12 #08 T AR
1 10% vt Bl o~ 2 & AR o B AT B5CEE & 48 - 150 rpm i 2 T o d
AFAR e ARILSINL BB FARERIE R AALSETRER R
W AR BRI RET R A il o LR (S T R AR

e rRE F RS AISE > B5CE A4 IS0 M EE L £ ~ A F BT -

334 AT %R
AETBRRFERAT R Fo w2 R R ERS o AAFER

ﬁ??éﬂﬁﬁ BLEAE-FREFEZ FE SBFEREM S o T

BRenF AL 5S4 105C 24 hr = 250 > M FEAR T - R

SRS #-HE&F T 1mm 3LE X 2k & e lﬁiﬁl}’gﬁ'miﬂ?ﬁlt Lt

2 o

335 & AT
Bad A FHe S hE AR Ep o d WU ek SR 94 PR
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BELE )Y 0 F ARG R R A I el AR f3 5 H pE S R
TR AT AR (S A A MR PRSI SR o A DR B
? %% 7 Liu® A 4-Chen % 4 2. # 3 (Liuetal, 2011);(Chen et al., 2011 )-
FIw B i s e B ARSI 2 R 2 7 R 0 R E BUR )
T HRILE S A TR 7 A R

B 1 R B #-5ml 0.2 N HSO,fr 1 g 28 B 4 » i it ¢ (HP-500
Plus) p » & * A ek it ® (MARS 5, CEM, USA) it 74 & 150 W

TREEA B PER (567 2 8 A4) T ATk o ) 1% 1k #)
CEBENRFEY A 30 A4 AR EER SR F BRI A
R 0 £ 2 500 mL 2z skt ehE R A > R A Y AR
B EEREL 0 B 18 %A T~ 105°C 48 24 hr 5%

cHPEL AL R B Y > L5 mI0O2NH,S0, £ 3 A £ 1g AT

dex FAGERAR R CRIFE AT B BPER (521523045 fr 60 4 48 )
TIE T o F i R ISHRE RN F RS 30 A R F
Wik e A E A 0 17 500 mL 2Bk ik FA R & o Bots A
B~ 105°C 444 24 hr 5% -

BRI R A 0 #-50 mL ek 2 A (100°C) 0 F4e » 19 e
RE O RIREAED P AIZFER (0101030 »48) T aJZak 0 {8 AT

3 Nde bk S B

3.4 BB PEFI
341 B R

BRI 2 £ s FRAEE - BREE
SRR 2T G rneni e fied Fend £ B g K

FoHMUSQL B FERLAT BARAd LHBLEACH T MH
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AL S RAPE FARREAT LR .

342 A FkR

TR AR Tri-MiR > ATEARADI B BPR T K22 &
PIE NGRS o AR BRI FEFIMASFAE AT F PR AESL~20
OILZ kR T2 en2d £ 2 A4 i d 27

3.4.3 pH

PH R ad ¥ - BERNFIE > 2 FehpHB £ FEET ¢ B8
Pk A g S PR IE A 4 R R e d VRl 0 © g 2 R
Moo A g e pH %Eﬁp\ Foig ook d A& FeAd a4 (Wang et al,
2009) > bk FHAL o I PR E LY NaHCO; sk it % 32 %
v pH - (Table3-4) > R & 4735 pHS~8 £l * e 2 & 2 §
F s R E N HEA gL

Table 3-4 Relationship of initial pH and NaHCO; concentration

Concentration of

0.4 1.26 12.6 544
NaHCO; (g/L)
Initial pH 5.3 6.48 7.5 8
344 LS

TR g Vi BR o - B R cha B RS

v

% 4 & [Ni-Fe]hydrogenase - [Fe]hydrogenase f-[Fe-Fe]hydrogenase &= & »

BT CES BPE ek B PR E R LA § ] R

B
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FT AR BEREFBAE o AT HRIEN T A RER T HRS (Fe)
A FEE TR AfRBERE AL ® 2 7 FeCl, 2 Trace element
solution» ¥ ¥ ¢k & & FeCIzii;:;gi%i%;‘,’?ziflﬂcii—g%ftkp\ R ERBERE 0
2 2 200 mg/L -

35 &3 i
351 %a% A4

STRMBAELRLARE LR FE AT RN b kTR
* 7 Van Soest %‘iﬂz BlE G EmE2 22 (Van Soestetal., 1991) - ¢ ;e ik fa
(Neutral detergent fiber, NDF) &#d Xga % e - AT F % - & 3§
v S g Bt e S pRpe i (Acid detergent fiber, ADF ) E_d % o
A A TR 0 B e A DR AR T R BRI R b 3
,5&%55}?41:41 :

kg 19l r‘?rv,”]‘ e 3 100 mL 2. # j%&;3 % (Table 3-5) 4c#t
A 60 A 48 0 R F IR E R B (pore size 40~50um, IWAKI) & {734
F il HFIREE A SR o g 40 mL PR GEARUA R W
A BEREGT - X0 % 40 mL A (Acetone) ik - EipA A 0
HAFREAFET - X0 B B R A E g B~ 105 C - sse A o
BERKLEE o

e s 19 ek i 4 2 100 mL 2 phikiR ik (Table 3-6) z ¥
te A 60 A 48 M HEA]EIR E (pore size 40~50um, IWAKI) & {7 4
Fiip ot A0mML R RR AR B U HFEREF - Ko L F 40
mL 5 Ak (Acetone) i h s ilig > S H AP R LAFERT- =00 Bfs
A B E~ 106CHfHEEARL SR ALE -

e~ 5% (Acid detergent lignin; ADL ) : #4537 enfie i 5 ‘a4 A 5 4
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» H,SO4 (72%) 25 mL gt #4845 % 853k - & -] Br4c » 2mL H,SO, (72% )
EDE0T o3 P EiERAS IMFNERF LR F B " Bk
AhFkicE o B0 105CHfsicfie o £ #A A 50008 B
EEA s AR R

iR kg Bk IR AFTRAfrRAEAT R AN S LB

VRO EE YRR EE AT LR

Hemicellulose = NDF — ADF
Cellulose = ADF — ADL
Lignin =ADL — ADFash

Table 3-5 Component of neutral detergent (ND) solution
Concentration (L™)

Component
Sodium lauryl sulfate 309
EDTA 18.61¢
Sodium tetraborate decahydrate 6.81¢
Sodium phosphate dibasic 456 ¢
10 mi

Tri-ethylene glylcol

Table 3-6 Component of acid detergent (AD) solution
Concentration (L™)

Component

Cetyltrimethylammonium bromide (CTAB) 20 g

H,SO, 28 ml
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352 % COD &+

AR ERY FARARRRERESRERK TS L2 kY 08T
F R E— PN LR 2 (NIEA W517.52B) ki (7 o d %
RIEPFE S FMY > e A &SRB A R Bk
RiEF g ffrl o >V ikERIE

353 FIBARAY

¥ % g5 (Tea polyphenols) ik B eha 47 & * iFq% ik I 4 A % 5k & 3- ot 4
/2 (Liang et al., 2003) - | T RIL 5 & 5 o B 4883 F RA) = % 4
SEF o B3R g s kR RRERIE . F RN HA-T

Blml shfe e » SmLAd Bk (19 ALf 480 5 g iF) 7 B do 4
7271000 mL 4 425 k) ¢ F i > i be dmb grker 15 mL g 40 5
%% (0067 M,pH75) #E 52 &5 F 5 s » T @ % o kLRt

ik £ 540NM TR Rk LN 32 K A K S mIER -

TP (mg/g) = 2Ax1.957 x (LLL2 x M) (5% 3-2)

= s A (mL)
L2 = & 474k &4 (mL)
M= &£ (mg)

A= 3k ig

1.957 = + #
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35.4 3¢ FkRAH

AR SRR AT L TR B 0 P g2 45 R ODego
kirimie 4 £ oo d Wwie A end & A AL R T AT T ;g;; D
v RHER KA R w2 £ oo AT L FY FAE® (Bio-Rad
Protein Assay) 12 2 Bradford /B ®_3-v F ¢4 & kit {7 ~ 47 (Bradford,
1976) » £ 002 ik Fd s 9 THRESAREREIR (- )
#HFpheT o

# P~ 1mL g % % 4. (10000 rpm x 10 min) 3 4 F % > 4e » 1mlL
Tris buffer (pH 7.6) & ‘m® & 378 % {5 £ &< (10000 rpm x 10min) -
Hroote 2 R B B E AT - Fooder 0.9 mL Tris buffer 2 0.1 mL 1IN
NaOH » #-imfe £ AT/ iF16 B » 1007C -k 15 4 48 - & (8 8- ik &

PRATR RR BT X ACEAL 4] b bl R eiS R D 44

EEF RS % F kKR (Spectrophotometer; SHIMADZU, UV

mini-1240, Tokyo, Japen ) ik & 595 nm 2. T & s k {# o

355 BRMEkR A I
&R pEik R A 45 244 5 DNS 2 (Miller, 1959) g d # ¥ i3 ¢c » 4

?{

725 DNSZ# Y ch35-- A KPR Rrprits P RAEF R4
= 3-% A-S-A ARG TG IACE S A JRd B S AR RN
BREDTE o d MRBZRBROLEZAF ST EIH FILATRESR
Ly g s RS (s ) F &R e

KA %Y P 1mL # A%< (10000 rpm x 10 min) » 2 0.5 mL

Fier O5mMLDNS @ 2 A TR E R ERE SR 1000C kiE

-

10 #48 > Ripnfo g A3 r bk Y g b fr2 38 0 R I A kk

BhiplE k& 540 nm T ok sk iE o
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35.6 F A $ A4

ARG WRIE RN BREF 2 AR TCPFER L R TA
4 1 Biogas’ H g 4o Fig 3-4- £ L5 4p K 47 % (SHIMADZU GC-14B Gas
Chromatograph, Tokyo, Japen) fiz & Thermal conductivity detector (TCD)
AR AN hE FORAR % 2 F 415 Porapak T 80/100 - 71 » 2 4% & 48 f#
5 04mLe REA 7™ 28 R A % 5 oven507C -~ inject 120°C ~ detecter
140C > @ * 2 Y5 B 5 % § > ond 5 25 mL/min

FFRER (e ) AT o LR F R P2 L R
FF R LS FRE IR A2 E 0 LS RFHEIRERE 17
FREpED L0 o

Fig 3-4 Schematic diagram of determines biogas volume.
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357 RipAP LT

OB AR A M P ERY TA 2 D R R FRARE Bk
B i€ * B ks R 4p & 7 & (High performance liquid chromatography; HPLC )
Kotrietp? ALY > TRBAEFZRIFAT T § A2
ke ER AFT T RAPA TR @ * 2 R E 5 Refractive index detecter
( SHIMADZU RD-10A, Tokyo, Japen ) » 4 17 ¢ = % Transgenomic
COREGEL 87H3 (300mm x 7.8mm) » # #>4p 5 0.008 N H,SO,i% /% » 7t
i# 0.6 mL/min> # &L 6884 5 20 plo R 3B 7 4 42 W % R L IR A
(10000 rpm x 10 min) 2 Kfﬁﬁ%ﬁﬁ}% PR GRR T 0.22um 2 4

FiBRES 1T E&F HPLC 4 45 ¢

358 A& ' A4

gAY hA 4 i 4 J Gompertz equation w iFSE R o BR AR
AT SRR N e ped R RSV L o Bl P A R PP
e iy - KEFY (Do REEer s £ 0~ i&{ﬁm’ F i

(Rmax)» 2 {& £ i& » £ =3 (Layetal.,2013)-

H = H,,,, X exp {—exp [% QA1—-t)+ 1]} (74 3-3)

max

A= &% (hr)
t= F g/ (hr)
Rmax= &+ & Z & & (mL/hr)
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3.6 AR A 7
3.6.1 DNA %'~
AP * o 82 ¥ 22 (GeneMark DNA Extraction Kits)
&

% it 7 DNA ch% B o B 1 ml 2 52

R £33 BT S6CKIET L FE I RMEGFERT 2 AR B R

2o i 480 14000 x g fak dpe 5 4 40 K- )

Ry
X
o
SHe
5
%
el
(
w

4 » 4ul RNase A solution # % 5 4 4% o 4r » 200 pl Binding Solution
TREMERCF R IR EIDIENTOCH R 10 4 480 4 » 200ul
PR £355 (8RR &k 2304 Spinecolumn ¢ A 1 A4 Bgi E
# & 4e » 300 pl Binding Solution j 1 4 4 - #-jgik & H ¥ 4 » 700 ul
Wash Solution & 1 448 > A FEAF— X = 2 “éf e TALes b o4 “f
Wash Solution @ cHiFps i L2 F chifpi = 3 18 8§ & #-3c = {8 +H Spin
column % **&7erpic & g ¢ o 4e » 100 pul 2 Elution Solution # % 1 4

40 4o 1A 41 % DNA w e » kg3t -20°C »

3.6.2DNA KR &2 % B ¥R

P& DNA 4% 5 %260 nm % 280 nm s 2k & ¥ 12 17 5- DNA kB % 4
oo He ok iE 260 nm Efipiek & 0 @ 280 nm P E_F-6 FY kR o
DNA # 53 & et B 2 3% 2 e % @ 260 nm/ 280 nm 2 vt & >+ B 4
1.8-20 5 B g B o 1 % DNA %3 > 1 0Dyg= 50 (ng/pl) > #7
MiEBT AN (N33 PFEENPE I PRER

50 (ng/ul) x ODygo of sample = Concentration of DNA (ug/ml)
(54 3-3)
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363 EFHE A

A EW (Agarose) FEE g L - Bkt BHE o T G ookak
Ao+ R AP o BF %P k9 DNA PEER kfed 7 ik
BRenE gy (Table3-7) & {87 d == {8 enT A B k2% DNA * & &
BERBARARE Kt G2 DNAKER - §5% > 240 !

g * IXTAEbuffer fie & “1 3 ER 2. FF % ML ~ e B F
¥2 ' 0 3 H 1S #-6X loading dye £2 4% 512 511 vt GRS #1093 Well
¢ o5 B0V g B A 1X TAE buffer pjAd o == {8 F 7 3080 ¢ 45
( Ethidium bromide; EtBr) ;%% (0.0005 mg/mL) ¥ % ¢ 15-30 » 45 > £
FA UV ETEER

Table 3-7 Agarose gel concentration for DNA fragments

Agarose gel percent (% ) DNA size (kbps)
0.5 0.8-25
0.7 0.5-15
1.0 0.3-12
15 0.2-10
2.0 0.1-2

3.6.4 R & ELARF b

F & prssk & & (Polymerase Chain Reaction, PCR) £ 41 #* A 1 & = e
513 (primer) 3 54 > iF 45 2P BB e 7 DNA g3 7 > 1+
B R4 DNA et ~ 513 388513 goae W (27F + 1522r 2 341f +
926r)> * T AFie= BETRE P ARA F| U BB v o AF R P ARA T
G F2. 16S rDNA » #-3% 5 BB (7 43 2~ (8 1 g {7 K Eaak- 02

F 2P @ * N5l F BT S I2 e Table 3-8 ~ 3-10 -
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Table 3-8 PCR primer use for 16S rDNA

Primer Sequence (5 - 37) Specificity

27F AGAGTTTGATCM TGG CTC AG Bacteria

1522R AAG GAG GTG WTC CAR CCG CA Bacteria, Archaea
341F* CCT ACG GGA GGC AGC AG Bacteria

926R CCGTCAATTCTTTGAGTTT Universal

W=AT, M=A,C;R=A,G
*GC clamp =5’- CGC CCG CCG CGC GCG GCC GGG GCG GGG GCA
CGG GGG G-3

Table 3-9 Temperature program in PCR reaction

Reaction Activation  Denaturation Annealing Extension  Final
Temp (C) 94 94 56~53 72 4
Time( min) 5 1 1 1 0
Cycle 1 30 1

Table 3-10 Reagent concentration in PCR reaction

Components Volume (ul) Final conc.

10X PCR buffer 2.5 1X

dNTP mix 0.5 200 uM of each ANTP
Primer (R) 1 0.2 uM
Primer (F) 1 0.2 uM

Tag Polymerase 1 1.0 U/l

Water 1 -

Template DNA 18 20 ng/pl

Total 25 -
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365 YA BHT X
5OTBIRE Y Rl Y R M AR R 0 A b A § pRpEY
HeA AR A KA SRR 0 % A T 4 (Denaturing
PR
A 11F8 3 2% o DGGE #4345 DNA A 5|t % ik B 2 %184 (Fk 2 ®

Gradient gel electrophoresis; DGGE ) #-% [ fic2 2. B 71| & 3t

i) TR AR R b R B Ak BB ¢ F TR 0 A Pl E
T e pd P fARE2 5y o DGGE g * F X 3 A 7R R U] 0 - Bk
BB E B A3 200- 700 § o A Btk o s iR PR B P P i
ZTRETFENPCRF i L % ot - 23l SR P REF L BS
BF RERAOAF ) BRI F LEFF K PCRE B S FAPCR F BT
EIHREEDNA R A gkt Mgk L RILE .
GAF kY @51 S 27F +1522r % 341f + 926r 33 e 4 4+ 2 16S
rDNA % BB 7] (Table 3-11) » & A forward =’ 7% GCclamp > 171k 23k
o e Az Y Ok DNA B fibae & Bead L Bk & K7 Gapey s o
By H b FtRA e S e & 45% % 55% Nt F o LR F R %

it oo

Table 3-11 Reagnet of polyacrylamide gel

Reagent 45% 55%
40% Acrylamide/Bis 4 mL 4 mL
50X TAE buffer 0.4 mL 0.4 mL
Formamide (deionized) 3.6 mL 4.4 mL
Urea 3.78 ¢ 4629
ddH,0O To 20 mL To 20 mL
Ammonium persulfate (APS) 0.1% 0.1%
Tetramethylethylenediamine (TEMED) 8ul 8ul
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3.6.6 Cloning of PCR-amplified 16S rDNA sequence
dA0 R R BT RT 0 R R R R T AL R 2 Y

AU FHRERET B o &Y AT A 2 A A P HKk2 S

* sk v T&A™ cloning kit 11 2 2% i ' E. Coli DH50 .5 {448 -
L ¥4k A X DGGE # 5 +» T {45 % * QIAEX Il Gel extraction Kit = 4z DNA -
i * w2 16SrDNA 313 341F + 926r &% P & A F):& (7 7§ 3 - #-PCR
A =22 kit p #1752 ligation buffer A % ligation buffer B - Vector /2 & 1 ¥
WACK BRItk o B2 T mie 53 E o f20 18 B30kt 5 3 ligation % {8

ik ste 2 G T o g o gl R RS E TR LD

AT

BRI B A4 BFLACHREEF RS F EREE
WRREH TR R AL o ARG Z 5 2 F (50 ng/mL Ampicillin) £
E6 &#a (0.5mM X-gal 2 40 pg/mLIPTG) 2 LB 32 % # » #-4d78 %
HiErmie oy g LBE A AL 0 W 3TCH A 16 ) -

FLAFE- = %’“a‘%%}“ﬁ@%iﬂ (LacZ)» @ %
LRBEFEATI 7 P8 (Fig3-5) > % F *F ik DNA &~ i ¢ 3¢
SLFBAFAEE LS REE R ¢ A F AT Mk DNA + 38

Vector & £ 4 5 7 dL2

LS R e Xogal A4 F BRI LFS o Ay EEHERT 04k
(3

[

DNA sy ¢ FiE 4143 53 Fo G2 % A0 L /-4 2|
A ST R BRI R R EF O PCR F R R Y 0 & M13 5l
+ iz {7 Colony PCR» £ i * &% T AFEiRp He A FILE &0 948 B fd |

Bk BB R LR DT LRI TS -
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Kpn | (434)

LacZ
Smal (436)

Eco RI (441)
[Hind I1i (448)]

T7 promoter . PCR Product DNA

Amp . [Bg! 11l (452)]

T&A Bam HI (458)

2728 bp Xba | (466)

Sal | (472)
Pst | (482)
Hind Il (490)

Fig 3-5 Sequence reference points of T& A™ Cloning Vector.

301  TACGCCAGCT = GGCGAAAGGG  GGATGTGCTG = CAAGGCGATT  AAGTTGGGTA
ATGCGGTCGA ~ CCGCTTTCCC ~ CCTACACGAC  GTTCCGCTAA  TTCAACCCAT

M13 Forward Primer
351  ACGCCAGGET | FTICCCAGHC | |AGGAGGTTGT  AAAACGACGG  CCAGTGAATT
TGCGGTCCCA  AMAGGGTCAG  TGCTGCAACA — TTTTGCTGCC  GGTCACTTAA
Kkpnl___Smal EcoRl Hindil}

T7 Promoter Lot

CATTATGCTG AGTGATATCC CGCTCGAGCC ATGGGCCCGC TTAAGGTTCG
Bglhi BamH| Xbal Sall Psti

AGATCTGGAT CCCCTCTAGA GTCGACCTGC AGGCATGCAA
TCTAGACCTA GGGGAGATCT CAGCTGGACG TCCGTACGTIT

451

Hindlll

493 CGTTGGCGTA ATCATGGTCA TAGCTGTTTC CTGTGTGAAA TTGITATCCG

GCAACCGCAT  TAGTACGAGEINIATCCACARAG WIIGAGACASETT  aacaaTacec
M13 Reverse Primer

Fig 3-6 Multiple cloning site sequences of T&A™ Cloning Vector.

3.6.7 i A7
BB RBOBRAL AP A PRI AT AR A FLA
=t TP en R F TR MEGA #f8#-5 787 i3 4F > £+ 5 1 National

Center for Biotechnology Information (NCBI) z & 1% #L & ( Gene Bank )
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2 Basic Local Alignment Search Tool (BLAST ) :&{7t % F B2 55
FIAR L2 B S FR o Bt S AR 2 BoF T s 3k MEGA G 088 47

B 7)iEi7 Alignmeny » 5% 58 W5 AR o AR T ERE
+ i #X;# (Maximum Likelihood ) 4 47 % i Bootstrap Replication i& {7 500

%A A 4 o

3.7RSM R Bk 3+

AFETFEH O B ERER PH 2 BERET RRRAL PR E S
GFFERE L o WRE GG OF S B HA T R R M P i R

=f
E

HF L AL W%’qwbpﬂ+m€ﬁ»iH%ﬁk&m%ﬂﬁ“’
T3 20g/L eniE 2T iR FH U F]S ek g oo
SHEATEARPE A REEEFEERTT SRR 50-60C pH5-8~
T4+ k& 0-400 mo/l » Mig= 38 5 % FR3H00d 8 B = K & gl
6 EihBhE P wBLEAF 5 K X3 19 i % (Table 3-12) > & &7
o PF R BEERIF AP ~ R AR A e 0 T S B0 Minitab 3-8 1B K RiE

% o
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Table 3-12 Experimental design for optimizing fermentative hydrogen

production
Temperature Fe?*
Run
X1 X1 X5 X5 X3 X3
1 50 -1.68 6.5 0 200 0
2 53 -1 5.6 -1 320 1
3 53 -1 5.6 -1 80 0
4 53 -1 7 1 320 1
5 53 -1 7 1 80 -1
6 57 0 8 1.68 200 0
7 57 0 5 -1.68 200 0
8 57 0 6.5 0 400 1.68
9 57 0 6.5 0 0 -1.68
10 60 1 7 1 320 1
11 60 1 5.6 -1 320 1
12 60 1 5.6 -1 80 -1
13 60 1 7 1 80 -1
14 65 1.68 6.5 0 200 0
15 57 0 6.5 0 200 0
16 o7 0 6.5 0 200 0
17 57 0 6.5 0 200 0
18 S57 0 6.5 0 200 0
19 57 0 6.5 0 200 0

:x :Run15~19 % ¢ w @ s £4F 5=
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YrE BE8H%

41 RFS s

FE2 872585 15C0Dg/L > & AFHas edoFig 41 %
MESLHRFEE AT LS A UL 28% - 20%14 % 6% 0 s F T R Ed -
BT BEROKT S F oA - L Fered o hfEb A
it o AT ERMRAE A LR e RA SN A AT

X EUER R RO F PR E T A s Tt F A AF R T v BB s

o

PR Bk R st o d W FE I F A E Y enizl > A %%{T%
ST B GRAR SRS 0 E T — e pF et 1T 4 ) 50% st
A "3{4‘“ 4 P gidF KR e

FESDDH LLB A KA MRS A 24t ol Table 4-1 -

FEGSAE DT RP AR 2ok PR A R A LG
CA A B LARRT SRR PR FSATR R B
bR & PR GRT LR TEE S R ARSLGIBAT B iR i As -

Hemicellulose
20%

Cellulose
28%

Fig 4-1 Composition of tea leaves fiber. Cell contents included soluble
carbohydrates, proteins, lipids, minerals and vitamins
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42 R EEL B A

AETEY T ABKREFEE AR BT SRR R KR
& 2 FfE kRO R ok g R R F A 10902 v BIE » oL FILR
A AT L - R B e AR RA(F & - i AR5 0L
T ABBCREPRRL TRARA NG R PAFE - SLEL B AR

1%

BB REAFER AT AL pRREF R 202 (Figs-2) SEF AT

7|

A& A4 Nz Biogas M TR~ EoF 5L ARBHEAR

v

% g T s 2§ R T F R R R
&G oA et R ffee o BB %

5 % {52 preh 5l

(Fig4-3) -

Pt}

1534 mo/Lsd pt 2| STt FEF A & SRR IT L R

Fig 4-2 Biodegradation of waste paper by thermophilic anaerobic
microorganisms from rumen fluid.
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Cell dry weight (mg/L)

pH
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240 A
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180 4

150 -
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a
( ) ~ —8— Methane (b)
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E
c
Q
5 40 1
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o
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©
o
Q
8
g 20 4
8
=]
e
g 10 A
O
T T T T T T T T 0 T T T T
0 12 24 36 48 60 72 84 96 108 0 24 48 72 96
Time (hr) Time (day)
3000
(C) I Acetate (d)
1 [ Propionate
2500 1 [ Butyrate ]
I TVFA
a [ Ethanol
=
o)
£ 2000
L
°
Ie)
T 1500
©
1S
Q
S 1000 1
5}
"
500 A
T T T T T T T T
0 A

0 12 24 36 48 60 72 84 96 108
Rumen
Time (hr)

Fig 4-3 Cumulative biogas production by rumen bacteria. (a) microbial growth,
(b) cumulative biogas production, (c) daily pH, (d) soluble metabolic, Culture
were incubate at 55°C with 5 g/L waste paper. In this experiment, hydrogen
production are less than methane.
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4.3 ° %= F#rdl

B s i prf] PR A SAP VTR IR AR NER > X2 M
WAP? 33§ 3 h FIHIRFLETT REAFTESR o A F
v E* 7 - p A e g (2-nitroethanol, 2NEOH ) ~ 2-78. 2 A & ik 4
( 2-bromoethanesulfonate, BES ) ~ # iz 40 ( Sodium nitrate, SN ) 12 2 #t jer

B fa7 3t gdrdlis @ § R )0 & el Al Jﬁii%%%—&
BHER G 12mM o £URR R R A A1 A 121C 2 T R

Fllo A4 ra Aped 2 gie et o % AF 5 50/l 2 A -

%40 Fig4-3 977 > I A3 R e 2 ¢ @ % 2NEOH Fr4|# ¥
BT AR ] 0 B R DS XA P RFERITITRDEL T F ARA
2 PP ERRB A R R AL E B 5 201 mUL - pH R
2NEOH #r# s 32 4 % £ en%Eit > Ay % 96 BEig ™ 7| pH 6.1 2+ o 4,
L PR AR B R e P = FeEFEAR Y 2 7 KT 1400 mo/L 0 3 & hE
PRt A S > 2NEOH Frifc e B A At A & 5 2260 mg/L » i Hr
¢7f) 5 3859 mg/L o & 2NEOH e s /5 e enA B 48121 mg/L = % 3 39
mo/L> REEFEPE R B R ARG T A & o GRS F R B AR S
7P AmERET 2§ 2 A o

CEBARIL DR R L 24 ) FFFEA B P EE F AN RS AR
AERLUEMLL GEFL AR FRIFIF T I me 8- BLERF kT
oo Flm g d R T B A AP A & AURAP R HA Y R R0
b pH G 4 pH 7.1 T30 pH6.7 0 d 3t 2 R ER LT A EA
AR TR ARR G AP R JCR AP T ] 0 g A 24

RS A B e BT RIRITY o A d

|
bl
g
T
oy
Sy
(&)
(N
hia|
ol
N
|
Pt}
(ox)
N

o 1 e 32 7 2NEOH ﬁ;ﬁ‘ﬁ A A AR N T TEE
+ ;?L

A 2 EbR o fd il R A
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- &

o

% % BES fd s Fral & 3 a0 87 = FACASY] BRI T Iz F F AZIL
defr A pE G P AT T S AR (Fig4-4b)> i § ehbe B R A5 4r 5 3
N % 9 15mL/L (Figd-4a)- hipsp R FAF nive > o fhj & o b o
fe ¥y ELF S Pl T R R 2T P ek 2NEOH Ap v R AR

1400mg/ll 2+ pEER RS PR 89mglL o

SN 7 % fdrflale L] @R M F b bf AP S HAFC M A
ERE BT RS S A LB R R S A A i &
AOARE R 0 RIT L e bt B A 5 3588 mg/L

BES B # AP =drd|t 22 ¥ B fe fehF 5% #F 7 BES &2

JiF

DT e DA 0 BBk S e Zhou F AT Y B IR AER
(Zhou et al., 2011 ) - i& ¥ v H_F] 5 Frb] A "Lrﬂj‘ B A R ATHEIR > NP BT
Tivzo BB kR 1.2 mM 4r Zhou & 4 ; 7 dek B 12 MM 355 drdl h 2 2
W% oo e i Danko & 42 F 5 ¢ st 26 MM 2 BES ® 0T = 2
#]x ¥ %4 A & (Dankoetal, 2008)» F]t 48| BES 7 4c 2. kB2 & B8

Frd| ek o

hAp e Frd]k B 22 T 2NEOH vt 4= BES #rd it 8 3| #idF chid & > & %

=h

FEF SR Y BRAIT S Nl den B AL SR AT A 2 kA F o

TP AL REHABELL LG ER T gl AT R R % 2NEOH
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Cumulative hydrogen production (mL/L)

Cell dry weight (mg)

Soluble metabolic (mg/L)
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2504 ——4A——  Control E Control
©
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°
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o
% 40 4
150 A — <
- " [0}
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-
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0 T T T T T T 55 T T T T T T T T
0 224 3% 4 60 72 84 96 108 0 2 24 3% 48 60 72 8 9 108
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5000
W Acetate e 701 —— No inhibit(f)
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4000 1 ] TvFA _ 601 —e— BES
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£
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o
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Fig 4-4 Inhibition effect of various inhibitors on methanogensis by rumen
mixed flora (a) cumulative hydrogen production, (b) cumulative methane
production, (c) microbial growth, (d) daily pH, (e) soluble metabolic, (f)
reducing sugar. Cultures were incubated at 55°C with 5 g/L waste paper.
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Table 4-1 The compositions of different hydrogen production feedstock
( Abbas et al., 2009 )

Type Cellulose Hemicellulose Lignin Cell contents
Rice straw 40% 26% 13% 21%
Corn stover 38% 25% 17% 20%
Rice hulls 30% 34% 13% 23%
Switchgrass 33% 26% 18% 23%
Tea leaves 28% 20% 6% 46%

Cell contents = soluble carbohydrates, proteins, lipids, minerals and vitamins

44 BEPEFF
441 2 P RRMKfFAE 2P

BEBRNKAS G BT AEG FHWE RS L0 BN
BRFEATECEF BE 6 B 24T R FAS I- B § PR A2 &
FRoA=F%* SgLFEA AT Fd 2 PERABLATHE L
A o

% % 4 Fig 4-5 f- Table 4-2 %775 » &R BB R o Moz 227 ¢ #

A et L EME

i

B PLABTCHE AR AL T oA SHE 120
JRERS pH AR AF AT AR EHAES Y L R AT IEEE L s
AH o BREERRS R ST BRI G $E o kAR~ F 4P
A e ERT SR P A B R T R R0 A S ahd R R
FERABER R .
B3 AR R LB0CHEECL TiAy w3 A K2 AdpEd e i & 50C
G A TR e et £ e kA BB @R 4 118 mg/ll > @ & 557C

R THAF AL EERE we ERAFED T 196 mg/ll e A F 4P A



P 82mlL > & F kR 5 492%  f AT kB DI o FEd B &
AFsrE £ k¥ A7k igrcF 50 CHr55C ik {3 &7 4 19.64%
fr24.81% kjasahk 2 B -3 R RERA Rl d RERTAE
AR RFERIRA PR REFEOIFL A F o RPAFE AP L
AR R F AS0CHAFEEEIP Lt (FigdsSe) AfE 3
WABSCHRE A > e ek Ay FHEB TR A -
Bi A& FEFEA 60CTaus £ T a7k w4 £ (Fig
4-5a% Table4-2) e iz BB 72224 mg/lo b+ 2 4 59 5 137 mL/L »
EF ek R 5 7.18% ATk 5 32.87 % o B R B4~ 4o 24 mo/L
B4R A1 35 Mo/l BFEETHRC S REFPPROIMER 5
6674mg/L > B ¥ ¢ ez ARG S033mo/lL s pHSEF A3 A4 m g
BTE S A ez pHB.9 R 4 % 3] 120 ) FFis pH T 1 pH 6.3 -
,H—_\ 71(
JAF M1t 2 A G PR R ENIER IR E R B S hE B o Bl S Sk

h

/

pal

KR %D > ARG ERR L 60CHus£ire T3

BEERIYE -

Table 4-2 Comparison of substrates hydrolysis and hydrogen production at
different temperature

50°C 55°C 60°C 65°C
Specific growth rate (hr) 0.01 0.01 0.03 -
Substrates degradation percentage (%) 19.64 24.81 32.87 -
Hydrogen yield ( mmol H,/ g COD ) 0.02 0.08 0.19 -
H, production rate (mL/L - hr) 0.89 1.97 2.30 -
H, content (%) 5.02 4.92 7.18 -
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pH Cell dry weight (mg/L)

Soluble metabolic (mg/L)

250
(a)
——50°C
—&— 55°C
200 1 —0— 60°C
—— 65°C
150 -
100 A
50
0 L T L L4 L4 T
0 12 24 36 48 60 72 84 96 108 120 132
Time (hr)
75
7.0
6.5 q
6.0
——50°C
55{ A5
—0—60°C
——65°C
5.0 T T T T T T T T T T
0 12 24 36 48 60 72 84 96 108 120 132
Time (hr)
8000
I Acetate
. [ Propionate
[ Butyrate
6000 1 . - 1 TVFA
I Ethanol
4000 A
2000 4
0 A
50 55 60 65

Reducing sugar (mL/L) Cumulative of hydrogen production (mL/L)

Hydrogen yield (mol H,/g COD)

160

(b)

—-50°C
140 1 —A— 55°C
—0—60°C
1204 —#-65°C
100 A
80
60 4
40 4
20 1
0 T ¥ T 4 T 4 T L4 T ¢
12 24 36 48 60 72 8 96 108 120 132
Time (hr)
50
——50°C
—A— 55°C (d)
40 4 —0— 60°C
—8—65°C
30
20
10
0 T T T T T T T T T T T
0 12 24 3 48 60 72 8 96 108 120 132
Time (hr)
0.25 6
3 Hydrogen yield
o H, production rate Is5
0.20 A — -
£
<
L4 3
015 £
' o
g
3 c
]
0.10 A ° e
Lo g
Q
IN
0.05 4
. 1
0.00 ﬂ ‘ ‘ * 0
50 55 60 65

Fig 4-5 Effect of temperature on biohydrogen fermentation, (a) microbial

growth, (b) cumulative hydrogen production, (c) daily pH, (d) reducing sugar,
(e) soluble metabolic, (f) hydrogen yield and hydrogen production rate. Culture
were incubate with 5g/L waste tea leaves.
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442 * F pH B¥-kjzA § 2 25

BaFokfEpEE RS pH “TRE > a2 B vk fRfEE g ki
pH = Bl+ 7 — > e - SR pH E Ak drdl & - B @ = fE-k iRk & o8
e~ Rl s F % k45 (Lietal, 2013) -

% 4rFig4-6 2 Table 4-3> ~ 5 ficmF*rilh4 ch2 & pH #=F 5 5 pH
T2 RS g ERTHIEEF T B opHS Z e b
% 48] PFiF pH B 5 3 4 480 1 pH fHik A Fend £ B2 R A
gXF|FHr2 R FFED 0.0thr! 4 mie iz ¢ 5B & %47 158 mg/L ;
A& A A A METE s s % 120 ) PFIS R 4% bioges » R 585
mL/L> & § 2858 25 114mL/L> & § kR 5 6.7% Bad Kizit

A SR 3% 121029 % Pk FE AT BREES 2

F_L

1 <r 7
* L XD ELES

=g

FRREOLHF VY RER KT GHES oA A pH 8B X2 TSR T
Hed X TIEF dvicde pH SR BB 2 M a2 4 £ > bR i PTG &
BIIE P F AP E R An R HA S R A o

pH7 jiot 2 K¢ 55 22 pH6 & £ B ¢ (Table4-3)> e pH7 & A

B

R T i 7 36.05% & F AR A & 54 % £ 0.69 mmol Hy g COD
2233mL/L-hr & 0z £5775% 7 % f#5% & 4 v £ 1163 mL/L-
B pH 6 1128 ML/L o A dp A 47 ek A > pH 7 B #f chi@ 304 140 v g
X tgB A pHO6 T A Af 2 A & (8585 mg/L %2 8830 mg/L ) ik Rk R
b pH 7 A deen 24 mgll B4R en R o B2 % 96 ] PEehpEiE frx 4

W% pH 6B RELR R A 4 0 2k

W2

deFEFETTE D T2 ]
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BEETAPHT Gt E R T S B FET
PR E AT BE o BRI ES BT 202mg/l 4= pHE # 4 6
10mg e : i fF AR pHT & 7 A58 A2 5 163mL/L > pH6 B

5 128mL/IL> & § 2 &4 %W 5 7.75%% 7.25% 3% 5 S5 k1 bt ig iz ™

TR S ST A RIS A E L S

Table 4-3 Comparison of substrates hydrolysis and hydrogen production at
different pH’s

pH 5 pH 6 pH 7 pH 8
Specific growth rate (hr') 0.01 0.03 0.03 -
Substrates degradation percentage (%) 10.29 33.81 36.05 -
Hydrogen yield (mmol H,/ g COD) 1.27 0.59 0.69 -
H, production rate (mL/L - hr) 0.41 1.36 2.16 -
H, content (%) 6.71 7.25 7.75 -
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Fig 4-6 Effect of different pH’s on biohydrogen fermentation, (a) microbial
growth, (b) cumulative hydrogen production, (c) daily pH, (d) reducing sugar,
(e) soluble metabolic, (f) hydrogen yield and hydrogen production rate. Culture

were incubate at 60°C .
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AENBHEN S IR ERAE I RAS e 2 £ (Yuetal, 2002)
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e ;T*w}ﬂ? TR pH 5.5 R SEAFE T 4 078% > & F 7 B4 2
¥ @5 0.96% o 4p K P MR kL AT PR AR R A 0 AT E M
B ff 5 11940 mg/l > 3> 59/l % 10g/Le =% &o @endfit £33
S0 B 30QL 27 fraA R EA F G B2 o fiicd F R
L R AR AL 0o RIpA R R R T o A P RTE AN BR

S A BRI RS AR A 300L AR SRR AL 0 A
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EREAGKIEA L B EREE A WA FIAL 2 4 K o S BT

Table 4-4 Comparison of substrates hydrolysis and hydrogen production at
different substrates concentration

5g/L 10 g/L 20 g/L 30 g/L
Specific growth rate (hr™) 0.02 0.02 0.03 -
Substrates degradation percentage (%) 32.24 33.81 36.05 9.78
Hydrogen yield (mmol H,/g COD) 0.72 0.83 0.94 0.13
H, production rate (mL/L « hr) 2.51 2.55 4.95 0.33
H, content (%) 3.70 4.85 7.70 0.96
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Fig 4-7 Effect of different substrates concentrations on biohydrogen
fermentation, (a) microbial growth, (b) cumulative hydrogen production, (c)
daily pH, (d) reducing sugar, (e) soluble metabolic, (f) hydrogen yield and

hydrogen production rate. Culture were incubate with pH 7 at 60°C.
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Clostridium acetobutylicum i 22 T & e i T fig (* p5> 2 BB P chg it fs o
2 A & ¥ F & wnp > (Kimand Zeikus, 1985 ) » f& ok 3R%F ¢h A oif § kB
L ABYE T F R RAF D (LR eE M R RS ) 4 (Leeetal,
2001 ) &5 S -1 2K % AR FIER 209/L B A 6012 % pHT chif i T >
Heify 40 2. FeCl B dE 3K 2 0mg/L ~200 mo/L o il 3 ke kR 2 TR
FHBEEAL PP
FokE%40Fig 4-8 2 Table 45 =fak RBe R e A Ferdfid s v 4

p 2]
N

<7 /‘]‘ 4v 2mg/L % 200 mg/L 4 %] 5 32.14% ~ 33.15% 12 2 33.94% >
CEFeAEPELIREE D Kb FeCl hFRT B ¥R H A E
F5F 251ImL/L> & gepz €% B3 9 1312% ;@ e 2mg/ll kR 2T
AAEF 5 329mL/L- & § 7 £ 18.55%¢ § L 4Bdr+ Jk A& 3 4 3] 200 mg/L
PFo AR A I E R A MRS A 0 A2 BN A TSP RS
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Table 4-5 Comparison of substrates hydrolysis and hydrogen production at
different ferrous ions

Without FeCI® 2 mg/L 200 mg/L

Specific growth rate (hr™) 0.02 0.03 0.04
Substrates degradation percentage (%) 32.14 33.15 33.94
Hydrogen yield (mmol H,/ g COD) 0.80 0.96 1.02
H, production rate (mL/L « hr) 5.81 6.47 8.80
H, content (%) 13.12 18.55 18.57
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Fig 4-8 Effect of Fe** concentration on biohydrogen fermentation, (a) microbial
growth, (b) cumulative hydrogen production, (c) daily pH, (d) reducing sugar,
(e) soluble metabolic, (f) hydrogen yield and hydrogen production rate. Culture
were incubate with pH 7 at 60°C.
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Fig4-9 Production of reducing sugar from pretreatment of waste tea leaves by
(a) microwave treatment, (b) acid treatment.
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Fig 4-10 SEM image of (a) no pretreatment (magnification 150x) waste tea, (b)
pretreatment form acid at 45 mint (magnification 1500x), (c) pretreatment by
acid at 45 mint (magnification 1000x), (d) pretreatment by microwave at 8
mint (magnification 400x).

76



Cell dry weight (mg)

Soluble metabolic (mg/L)

250

200 A

150 -

100 4

50 A

6.4

6.2

6.0

8000

6000

4000

2000

(@)

—w— Microwave
—-8— Acid treatment
—O— Contral

0 12 24 36 48 60 72 84 9
Time (hr)

—O— Contral
—w¥— Microwave
— O — Acid treatment

T T T T T T T T

0 12 24 36 48 60 72 84 9
Time (hr)

Il Acetate -
[ Propionate
[ Butyrate
CJTVFA
I Ethanol

(€)

L. L]

Microwave Acid treatment

Control

Cumulative hydrogen production (mL/L)

Reducing sugar (mg/L)

Hydrogen yield (mol H,/g COD)

300

250 A

200 4

150 4

100 A

50 A

40

(b)

—¥— Microwave
—-8— Acid treatment
—O— Contral

12 24 36 48 60 72 84 9%
Time (hr)

(d)

—O— Contral
—w— Microwave
—-O0— Acid treatment

Tima (hr\
12 (f) 10
[ Hydrogen yield ]
107 e H, production rate Ls
£
-
038 3
’ S
(] lg <
@
8
056 c
ol
L ©
t 3
0.4 1 o
g
IN
F2
0.2 4
0.0 4 4 T 0
Microwave Acid treatment Control

Fig4-11 Effect of different pretreatment on biohydrogen fermentation (a)
microbial growth, (b) cumulative hydrogen production, (c) daily pH, (b)
reducing sugar, (e) soluble metabolic, (f) hydrogen yield and hydrogen
production rate. Culture were incubate with 20 g/L substrate at 60°C.
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YT Al A L K S ps o T 2NEOH drdl 18 ik i (7 ARRR 12
ARG E 3 R kR 3T2mgIgE 2 7 K § s TAs % (7 agar)
BAR RBAWLSCT 3 ERAr Y hEF T 7 %% % 4o Table 4-6

FoeF LR A AR S FAES A4 ER &Y (Tday) 25
ﬁ?‘fl]f{f?f‘f’lﬁfgg{i{ ' M J 4‘:4\ ;,ﬁ,,y i%igﬂl_\ﬂ g4 E’(&ﬁ”%ﬁi—f
PRI L BEAP O FIpRT R PMRLF DL

Table 4-6 Effect of different dilution factor with add tea polyphenols and no
addition

Dilution factor Original 10* ~ 10* ~ 10®° = 10* 10°  10°
No addition

4 0 0 0 0 0 0
(CFU/mL)
Tea polyphenols
0 0 0 0 0 0
(CFU/mL)

TNTC = Too numerous to count

4.5.3 # k2
b ) 2 BB E AR B R I E IR
EAF A 2 R S w EILE R FUE foens N RS - M
19/ FE:m*% » 50mL100°C chid-k ¥ & » 3= & 10 A 48402 fr 30 4 4
RiTG w22 o B

fr 7 & 4o Table 4-7 > g2 30 A a2 B &3 R S R S 2R T B

FIRT i % SR RIERMY K I £

W RIE 30 A4t 10 ARSI BURAZRRE 0 TR L K e A
vt R o FI SR SRE Y 30 A BUAJT RS L e &g o ] Fig 4-12

BT RURCELT LR A B BUR SR SRR BURAR R SR O I 1 2
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feradZen~ (Fig4-10) 0 2 & A G RJE dhle Wt e k4 5 SRR
JE G ¥ BB TR F LR o B 30 A sk R A T acHE
BAGILNR TG A § fpE ok o

G IL 30 A sEISAR AT P AR VI Ek > meir E

St

WS AJE g 5 1 9 30 mg/L > v 4 £ 4 4%_0.04 day 5 5 0.05
day!> A AFAL P Az R GAI P 4 54 1 130 mML/L » FRE A 0 2
Fp B4 T 37.09% 0 A & i F 5 8.66 ML/L » hr o jz4p (S HHA BT
T R AFS PR A AT g sEi B 4 1 23434 mg/L (Fig4-13e)
S E T RE L@mfﬁé?ﬁ? NRIRFE A G R Ed :%f#,
A ATRE D U ERE S RSB oo R PR fRE A T T e

a7

I ©

Table 4-7 Effect of different boiling on releasing polyphenols from wast tea
leaves

Boiling time Tea polyphenols (mg/mL)
10 minute 1993
30 minute 3542

Table 4-8 Biohydrogen production by using boiled waste tea leaves as substrate.
Raw waste tea leaves withing boiling was used as control

30 min Control
Specific growth rate (hr™) 0.05 0.04
Substrates degradation percentage (%) 37.19 31.10
Hydrogen yield (mmol H,/ g COD) 1.13 1.07
H, production rate (mL/L « hr) 8.66 451
H, content (%) 18.49 12.72
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Fig 4-12 SEM image of (a) no pretreatment (magnification 400x) waste tea, (b)
pretreatment form hot water at 30 min (magnification 400x).
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Fig 4-13 Effect of heating pretreatment of waste tea leaves on hydrogen
fermentation, (a) microbial growth, (b) cumulative hydrogen production, (c)
daily pH, (b) reducing sugar, (e) soluble metabolic, (f) hydrogen yield and
hydrogen production rate. Culture were incubate with 20 g/L substrate at 60°C.
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46.1 R HTF|F AR FF
AR HAEATERFALL200/LE* 13k pH- R EFE R L2 T4

Bk Rz B REE F % %5 opH B B4 2T 5~8~F & 5 B /i * 50~65 -
LT R A %S 0 0~200 mg/L > ik & 200 mg/L g i ¥ 5|
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462 ¢ wRA RS

R e it g MINITAB A 45 - #= BH 5 2 8 & f 3 % & o )
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Efri&- & (400 mg/L 2 O mg/L) > L ¥ 7 SeIr4B T chRUN9 A2 & # i
SOl 7 veRun 80 & w37 0.74 mmol Hy/ g COD % 0.43 mmol H,/ ¢
COD - % & ghen@ %K 3 > Rum2-5 2 Rum 10-13 = 8 & & %] 5 53°C %
60°C > pH E#%5 56 2 7 L4#F kR 5 320 2 80 mg/L - fdp k33 &
BARZTOopHT M LH+ kR 80mg/L T EFRE DAL E 0P B
60C# & ™ L %" 53°C (Rum 5: 0.78 mmol H,/ g COD ; Rum 13: 1.11 mmol
H/gCOD)-Rum15-19 5 ¥ w gL @ B £ 4F 5 > 35 £ & 15 22 57C ~
PH % 6.5 3 T4+ kR 5 200mg/L> 2 & & T 5+ 1 7] 0.95 mmol Hy/
g CoD -
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Table 4-9 Experiment design and experimental results for hydrogen production

Iron conc
Rum Temp (C) Initial pH HY*
(mg/L)

1 50 6.5 200 0.67
2 53 5.6 320 0.74
3 53 5.6 80 0.70
4 53 7 320 0.58
5 53 7 80 0.78
6 57 8 200 1.04
7 57 5 200 0.65
8 57 6.5 400 0.73
9 57 6.5 0 0.74
10 60 7 320 1.10
11 60 5.6 320 0.69
12 60 5.6 80 0.86
13 60 7 80 1.11
14 65 6.5 200 0.60
15 57 6.5 200 0.78
16 57 6.5 200 1.01
17 57 6.5 200 1.08
18 57 6.5 200 0.96
19 57 6.5 200 0.96

*HY : Hydrogen yield ( mmol H,/ g COD )
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Fig 4-14 Result of normal probability plot, the experiment response is
hydrogen yield. Those experiment data (point) roughly in a straight line, it
means have normally distributed data.
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Fig 4-15 Response surface plot and contour plot showing the effect of the
temperature and initial pH on hydrogen yield.
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Fig 4-16 Response surface plot and contour plot showing the effect of the iron
concentration and initial pH on hydrogen yield.
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Fig 4-17 Response surface plot and contour plot showing the effect of the iron
concentration and temperature on hydrogen yield.

88



464 F B2 - 2%
gt 87 > AT 200/l %R 58C ~pH7.2 2 44+ k
B 160 mg/L 2 #5 2 T & T o EE A ZAZBR2ZEE AT HRBULR
M2 BIREFRET & BT MINITAB F d & St diz it F
BiE2EEI7ERE2 44 F - FokiE5 4B Figsl18 &7 » weensd £
w12 PR s Hlc2 L0 BT 48 iz R A chieie g £ 266
mo/ll > BFEFR AP o Bc® PhT% > b 4 L3 5% 0.04hr" - pH

NEF s et K s PR drend 4 i br

-
AR
'F_k
Sy
B
i

B EEERE T pHG o
RAPEBIALF AR ZCEROIH BB RARLERHFI 22478 Mg/l ~ T B

k5 2463 mg/L 1 2 5§ chf e 116 mg/L 0 AR A & mEp AR P
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Kitchen waste * & -

Table 4-10 Hydrogen fermentation from hot pretreatmented waste tea
leaves under optimal condition (58°C, pH 7.2, Fe?* 160 mg/L)

Parameters Values
Specific growth rate (hr) 0.04
Substrates degradation percentage (%) 39.64
Hydrogen yield ( mmol H,/ g COD ) 1.15
H, production rate (mL/L « hr) 14.96
H, content (%) 19.54
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Fig 4-18 Optimal condition on hydrogen production, (a) microbial growth, (b)
cumulative hydrogen production, (c) daily pH, (d) reducing sugar, (e) soluble
metabolic, (f) gompertz equation. Culture were incubate with pH 7.2, 58°C and
iron concentration were 160 mg/L.
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Table 4-11 Comparsion of hydrogen production yield with other study

Inoculum

Substrate

Yield

Reference

Rumen bacteria
Cultivate tomato plants soil
Chemical wastewater
Continuously-stirred tank
reactor fermentor
Wastewater

Wastewater

Kitchen waste compost
Kitchen waste compost
Anaerobic sludge

Waste activated sludge
Mix sludge:

Sweet potato processing
factory,

kitchen waste,

hydrogen fermentor fed,
with starch and peptone,
Kitchen waste compost

Waste tea

Apple processing wastewater

Effluent treatment plant

Molasses

Cheese processing wastewater
Sucrose and pineapple waste

kitchen waste
Kitchen waste
Diary wastewater
Food Waste water

Starch rich kitchen waste

1.15 mmol H,/ g COD
0.1LH,/gCOD
1.25 mmol H,/g COD

1 mmol H,/g COD

10 mM/g COD

5.27 mol H,/g COD
0.57 mmol H,/g COD
1.7 mmol H,/g COD
0.0317 mmol H,/g COD
4.71 mmol H,/g COD

2.1 mmol H, /g COD

This study
Van Ginkel et al., 2005
Venkata Mohan et al., 2007

Lin et al., 2006

Yang et al., 2007
Wang et al., 2006
Lee et al., 2008
Leeetal., 2010
Mohan et al., 2008
Wu and Lin, 2008

Wang et al., 2010
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Fig 4-19 Agarose gel electrophoresis analysis of 16S rDNA. Agarose gel
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Fig 4-20 Microbial community structure analyses from inhibition and no
inhibition at 6 day culture. Denaturing gradient range from 35 to 45%.
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Fig 4-21 Phylogenetic analysis of DGGE fragments from micro flora after
2NEOH inhibition. The dendrogram of the interrelationship was constructed by
using maximum likelihood method. Booststrap replication values calculated

from 500 times.
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constructed by using maximum likelihood method. Booststrap replication

values calculated from 500 times.
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