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DESCRI PTI ON  Process for Produci ng Biogas Techni cal
Field [0001] The present invention relates to a
production nethod of biogas 5 which is useful as an
energy gas. Background Art [0002] Anaerobic
fermentation using m croorgani sns has been known as a
nmet hod of converting bi omasses such as organi c wastes
and organic waste water into energy. The anaerobic

fernentationisafernmsm heme in which an

acid generating step f r :&g matter and a

nmet hane generatin f ' t hane from an
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organic acid genéera € ac erating
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ion,” whereby a fernentation gas mainly
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wever, the energy obtalned by boiler

C %}g?i@%&gf a?ﬁfl%@t%y %gs_heat, so that it is not

sui t or applicattons requiring no heat

uBh'ck?i‘Bﬁﬂﬂ’Aplﬁt islimted to those directly

uti 1 Zing the heat of conbustion, those converting

t gﬁ)dﬂﬁahniaefcibiét@ﬁ@enﬁd’ﬂﬂ)ﬂ 0Sinlei Keeroovimisng haebeen known
batteries convert the resulting energy into electric

PRYR et dbRE@biertingitionsagss duhioagenid hatdshendemanic
utilization. However, a so-called reform ng reaction

f aasgenatat intg chyrogethé nonerotib daenentatonries fermentation
refornmer and heating of a material nethane gas.
Ustladrhy in whighhaatacod genetatisiy stepdiromeahanganis matter and a
utilized as a heat source therefor, and its thernal i
enetlyyné senetdtang stepbpf greanecitnigueethanh Aenwannoiganée acid
25 manufacture fromthe viewpoint of effective energy
ugenerated doy he acid ezenaratingeformdndaéon ugsually tpogeed as
utilization also needs to use thermal | ) X
multiple parallel fermentation, whereby a fermentation gas mainly
composed of methane can be obtained as an energy gas.
[0003] However, the energy obtained by boiler combustion of methane
is heat, so that it is not suitable for applications requiring no heat
utilization, but is limited to those directly utilizing the heat of
combustion, those converting the heat into steam, and the like.
Methane fuel batteries convert the resulting energy into electric power,
whereby their usage is broader than the heat utilization. However, a
so-called reforming reaction for generating hydrogen from methane
requires a reformer and heating of a material methane gas. Usually,
the heat of combustion of methane is utilized as a heat source therefor,
and its thermal energy is collected by a technique such as warm water
manufacture from the viewpoint of effective energy utilization. As a

result, the methane fuel battery utilization also needs to use thermal
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energy. [0004] In the acid generating step in
anaerobic fernmentation, on the other hand, a
fermentation gas nainly conposed of hydrogen has been
known to occur. Hydrogen is quite useful, since it is
not problematic 5 in terns of thermal energy |ike

nmet hane. For exanple, hydrogen is advantageous in
that no reform ng reaction is necessary when used in a
f g8frdyattery, so that a large part of generated

h%dro en Ct?xg be fed to the fuel battery 1%nd converted
i 10Q048] e tthecagigneeneiabngesten e @RAFEARC figrmentation, on the
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cont am nan acteri actic acid bacteri a
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[Patent Document 1] Japanese Patent Application Laid-Open No. SHO
61-8200
[Patent Document 2] Japanese Patent Application Laid-Open No.
2001-149983
[Patent Document 3] Japanese Patent Application Laid-Open No.
2003-135089
Disclosure of the Invention
Problem to be Solved by the Invention
[0005] However, even the above-mentioned conventional methods are
not easy to perform hydrogen fermentation smoothly at a practical level.
Namely, it has been reported that there are cases where biomasses to
become materials contain contaminant bacteria such as lactic acid

bacteria other than hydrogen-generating bacteria, and these contaminant

bacteria inhibit the hydrogen fermentation (Noike et al., Inhibition of
2
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hydrogen fernmentati on of organic wastes by lactic acid
bacteria, International Journal of Hydrogen Energy,
Vol . 27, pp. 1367-1371, 2002). [0006] As a nethod
overcom ng this problem the above-nentioned 5 Patent
Docunent 3 di scloses a nethod of inactivating hydrogen
fernmentation inhibiting bacteria in a material by
subj ecting_a biomass to be hydrogen-fernented to a .
hbatroggmafarinegtgioteet oraoiehwastes Bywdselic adidr parteria,
energy i s necessary far such a heatin%% r.m ng
pliatesiationdied ewinal t ol ddedingenh Exgrey. a pnﬁaé’nd?ﬁ-all367'1371=
solution. Patent 10 Docunents 1 and 2 do not nention
ove-nentioned problemat all. Nanely, the first

t R802p

T3] e o mihed crvHHAGIBRIGY GUORLTR, (i ity enfigned
P RSHE o M0 RN EEI GRS AacRapOed! 1RE Bbings dudyogen
SR LA B D R I SO,
oBe L5 itaRuall Th e MERGFENAR I ERES "BlfBlehand.
PR risey Ml PERBAH Pabouty ofdk sUCp R Y Hagming
PRS00 7k, ek bt R AATES i P
AT R ot
h;\fddrlﬁ(;g@gfth? nﬁ?&%ﬂ_ﬁ:@%ﬁtﬁ@ rfgﬁﬂéﬁttlhg gbfﬁs‘&@ﬁ’s Yot %lﬁé:tmg an

ernenting m Ccroorgani sm carry out t

Q%E?%gaé SIIR Y BidAAsS é}%ﬂc\)ﬁgﬁn% gafhferALt eH gﬁ@é‘ssaﬁfastes

s as a materi al carrying out t he

el RARe WestBEDT Bld Bidnaddser THGefore! deeksBiisadeedmpose

wi thout subjecting the material to a treatnent of theée

N € bi hatN¥® by k@gediee its volume greatly and lower the load due to
the waste water. In this operation, because of characteristics of waste
processing and waste water processing, an excess of energy input for the
operation and process greatly lowers the processing efficiency and
remarkably deteriorates the industrial usefulness.
[0007] In view of such circumstances, it is an object of the present
invention to provide a production method of a biogas, which can
sufficiently smoothly perform hydrogen fermentation or hydrogen
fermentation and methane fermentation when using a hydrogen-
fermenting microorganism to carry out the hydrogen fermentation from
an organic matter such as a biomass as a material or when carrying out

the methane fermentation after the hydrogen fermentation, without

subjecting the material to a treatment of the material involving
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consunption of thermal energy such as heati ng/warm ng.
Means for Sol ving the Problem[0008] The inventors
conducted diligent studies in order to achieve the
above-nentioned object and, as a result, have
initially found that 5 whether the hydrogen
generation by a hydrogen-fernenting m croorgani smand
growt h of the hydrogen-fermenting m croorgani sm or

t kongumptionodt ﬁl&ﬁm@? eoergahsunh af beging/vrasngact i c
acid bacteria which adversely affects the hydrogen

f dleans £oi Soleimg ther Beeblemion by the ni croorgani sm

group becone dom nant depend.on the concentration 10
of[Oagﬁ} Sdher BemiRiS CansACHed gﬂé&ﬁﬂtaﬁt SilR 4det fpipghicye the

be processed.  Further studies based .on this.fordin
habeveaveataned nablecheanthods. A it tority SprbBial Holfla. that

ORGPt dbeo Badpedbe P Rap b 1 riTEAfoBen-ferfienting
NS NI e S—
b e e I S bR aRlai R SR She st e B Bhgeria
) n-=T% . _ | _

5 G P RB P SR I gin
aoRE PR NN & af AR fordinidift HerBhBRuPthe congentration
C%gcggﬁ{e%g&ﬂli%dasﬁsg&% e(%dﬂtgﬁl%dsﬂpsat NRhed! & 28 grocessed.
| iqu 0 be processed ‘contal ning an organi c nmatter

arfgn drlEidpls HAQOS U ithan fﬁfdiﬁg%ﬂéb%*}@aﬂéd bihafl the above-
hy gen-fernmenting m croorganism

rogen a nmaxi mum

L oheh ” &d EPM?H{ (b QR oRie WhEnSHBIOhREREQPS YRR Sub¥trate

t he rogen-fernenting mcroorgani sm and a second

St f 1 gt el i RU¥hiFOERO fiat i
o APSLIAERF 8| b epeoa? KOBL W FEMOoRgiiGhHae ranee in

TSRS Y SmRdSUTIRtyAle oAby of 0o
beupkaarssed taé r&e &f consumption of the substrate by the hydrogen-
fermenting microorganism, whereby the present invention is achieved.
[0009] Namely, the present invention provides a production method of
a biogas, the method comprising a first step of determining, according
to a correlation between a concentration of a predetermined substrate in
a liquid to be processed containing an organic matter and a rate of
consumption of the substrate by a hydrogen-fermenting microorganism,
a maximum tolerable concentration of the substrate consumable by the
hydrogen-fermenting microorganism; and a second step of generating a
biogas mainly composed of hydrogen by causing the hydrogen-

fermenting microorganism to hydrogen-ferment the liquid to be

processed while keeping the substrate in the liquid to be processed at a
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concentration not higher than the maxi numtol erabl e
concentration. [0010] In the case where the nmaxi num
tol erabl e concentration of a substrate consumabl e by
a hydrogen-fernmenting mcroorganismis determned
bef or ehand according to the correlation between the 5
concentration of the substrate in a liquid to be
processed containing an organic natter and the rat

o€ olReAELAt Bat ]@J_fgheh éhzgyﬂ“gﬁ WAKENPH {qjerable concentrat1§n.
R rnthorcase There ShegrparEIn toiEableqepRcensratiapt of 2
ey seonment o o TRk b e s
RS ottt WSROI By o
FORGREBIGRAT e LBURE G naneIohg £p Jbr ooy Codfdiind an
gs Iactic}(ggcter' gadv rs affec.ing8 h ﬁﬁg h,.or
Sraeiic yPafief 1Eid ToArE T Yo futERligh ot M M bibaid dyy te
S Sifossetr i PR BRelode F06, AL odissRbiglion of the
ST PSYRLIs Ko BGRETLREh G RS g
PRl PBu T el bBAEALNG hEBRBAP e ion in
h i . . fE£i Ci . .
UHEKOR LI ke e BRREET AU o eaidirial, i

Lg%@gﬁpgph SosdBRt AP the g}fgggleggﬁerméﬂﬁﬁg grpicrbeﬁganism,

nmentation iI's a Using a uci de” as

afher & the %%Wtﬂ" dF Acidotg A hi¥UMBdnea 8@t emicroorganisms)
concentrati on, and keeping the glucide concentration

atuch hSVettid Bhckirihedvdilaly hffectiBx itheBroteh @radtBity of the
concentration when perform ng the hydrogen

f By dR et fe@mdringd niicebigeiRs snd then reguldng eferafdnyation

prevent contam nant m croorgani snms frominhibiting

t hee hydfioenly’ eupppéssedon, Theefoky, the predemgdnvediion can
sufficiently prevent the contaminant microorganisms from inhibiting the
hydrogen fermentation without a treatment of the material involving
consumption of thermal energy such as heating/warming, whereby the
hydrogen fermentation can be performed sufficiently smoothly.
[0011] Preferably, in the present invention, the substrate to become an
index of the hydrogen fermentation is a glucide. Using a glucide as an
index, determining its maximum tolerable concentration, and keeping
the glucide concentration at a level not higher than the maximum
tolerable concentration when performing the hydrogen fermentation in

practice as such can more reliably prevent contaminant microorganisms

from inhibiting the hydrogen fermentation, whereby the hydrogen
5
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fermentation can be carried out nore snoothly. [0012]
Preferably, the production nethod of a biogas in
accordance w th the present invention further
conprises a third step of generating a fernentation
gas mai nly conposed of nethane by causing a nethane 5
fermenting m croorgani smto nethane-fernent the
fermented liquid after the hydrogen fernmentation in
tﬁwnﬁﬁﬁ@m@nsaném(MWﬁﬁdﬂhéinﬁﬁﬂﬁﬁﬂ@@ﬂYJiquid after the
hydr ogen fernentation in the second ?tegﬂis subj ect
té) P

(hiet| nBrederablyre theahireAuciemtaathngho Q8% ar %Ccorggnce
sufficiently restrained frominhibiting the nmethane .
f eitthetiieapiesfnt my T COTRRIASRSA QW@ FiSPae! gelFajng a
e R TR R
L A G PR B 0l B
BleF g SoifRoken viBOeen S s Pe oo SiFaseny Ten the
BT ER PLGH 183, PTG bR R 26 AP 00 e
SRR T B e Esad g e oo IS, Ry  are
L%@@Lc%%t?}( gg%ﬁfagggés%dorﬁo rlhﬁhﬁjciﬂg e Or9dRhhe TBih&Atation.

a contam nant m &roor gani sm
ISR AR SRS AR oA
SRR AU S P e e
A ae LM oI, oo, ramit Ry
2 uit@%bﬁﬂ%itgrrgté%g?é&@cin aRt 9BAGIk! 3o Wastes, lowering

(SI nmpson, WJ. ., FaCtors affecting
?ﬂ{é;&%&ﬁ?&ﬁ%ﬁhté%é& idu¥ teforbamis waste theter, «deri vati ves,
[0013] The present invention provides a production method of a biogas,
the method comprising the step of generating a biogas mainly composed
of hydrogen by performing hydrogen fermentation while adding a hop
or hop component to a liquid to be processed containing an organic
matter so as to inactivate a contaminant microorganism inhibiting
hydrogen generation without affecting a growth or activity of a
hydrogen-fermenting microorganism.
[0014] Hops and hop components have been known to exhibit
antibacterial actions against wide ranges of microorganisms. For
example, Simpson, W.J. et al. reported antibacterial activities against

lactic acid bacteria, Lactobacillus brevis (Simpson, W.J. et al., Factors

affecting antibacterial activity of hops and their derivatives, J. Appl.
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Bacteriol., vol. 72, pp. 327-334, 1992), whereas
Plollach G et al. reported that hop beta acid
restrai ned m croorgani sms fromgenerating lactic

acid, nitrous acid, acetic acid, and butyric acid
(Plollach G et al., Einsatz von Hophenprodukten als
Bacteriostaticuin in der 5 Zuckerindustrie,
Zuckerindustrie, vol. 121, pp. 919-926, 1996; Fﬁin W
eBaaieriol Neviel. E7 ket n3 238 Mei H¥ mswhereasn Plollach G et al.
Fbpfenprodukten in der Zuckerlndustrle

znecﬂoe“tadwﬂlféthqrb etaoamdl@ztramﬁ gnercmrgamfmfrom generating

1511'&aﬁ7ér ¥eRd, I’E@%@Rﬁ?é‘ﬁkﬁeg& $V|g9‘7 19 On tlll’? der
Liﬁgﬂ%rgﬁéw%rh ckgﬁ{} Ritrisnaety £ °ns9e15 %2%9@ HEH W

0 el S B AR o
SZueReSh e e Z%&kgwpﬁw@"%ﬁ B2 e 50598 a7 Plojfech,
46590 £ 1 DGise ErkBnpmind" g o Folhemifrbicien, Hopfome in
IR ReR 2 A Bl ey 98, 172 bR 022 43, 190 gﬂf@n the
L S
aig.%rfcltfo‘?ﬁmﬂa eNa¥R URKATL efed st%ﬂo t riv%hﬁ'o)ﬁall For

conditions such as net |zat|onad

a@%i’ﬁgleof Sﬁﬁﬁs&‘i §7.00Rt Ol F‘@%ﬁ@&‘ﬁﬁﬁﬁ%n@fd‘ %Hh(y&idéus and

sUppreésses t ‘activity o croor gan

apveihRnna f @ﬂtnb'iﬁé% gy V'rbédsﬁ{nuééyd({?iﬂﬁﬂohef TWU“ ef al.,

m cr oor gani sns and does ot inhibit the growih and

achiythid, %@fPﬂii@ Ihedn g eSruldesront tig Sersitbdepant $astic Acid
whereby The 25 possibility of effectively utilizing

t Bachoh & HRpPRRANABRIY 11 Thst.Bebvageol. f, 1N tddci-4hl  heo3);

been clarified. The above-nmentioned 7
Sami, M. reported that Lactobacillus brevis strain exhibited a hop
resistivity (Sami, M., Lactic Acid Bacteria Deteriorating Beer, Journal
of the Brewing Society of Japan, vol. 94, pp. 2-9, 1999); and so forth.
The inventors studied this point and, as a result, have verified that
appropriately setting conditions such as method of utilization and
amount of use of a hop or hop component effectively suppresses the
activity of microorganisms which adversely affect the activity of
hydrogen-fermenting microorganisms and does not inhibit the growth
and activity of the hydrogen-fermenting microorganisms, whereby the

possibility of effectively utilizing the hop or hop component in

hydrogen fermentation has been clarified. The above-mentioned
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production nethod of a biogas sufficiently prevents
contam nant m croorgani sns frominhibiting hydrogen
fermentation without performng a treatment of the
materi al involving consunption of thermal energy such

as heating/warm ng, thereby making it possible to 5
carry out hydrogen fernentation sufficiently snoothly.

Ef fect of the Invention [0015] As .mentioned above, )
apuatutitiog twethas ppesenbiagesesbiflopientiye Prevdithg cantaminant

hydr ogen-fernmenting njicroorganjsmto carry out .the .
hirdepsaanisardre itoan o\ﬁmblémganilm%aﬁﬁrb femetaigng, without
mat eri al, the hydrogen f10 f er ment alt i,on can be . £
pperlerming saf freatraent wis taot majeril ABYRIVANS  pongurpton o

of the material jnvalving consunptjon

o S8 Bcnsk R B g«
e sion st T
gﬁ&&éﬁ&%@ﬁé‘vﬁ%‘%r rel ati on between the nunber of

T3 SleAsofBRBRE S Rebilly doe nfiEnt Bh&fign, oyhen
+ iinop PR ARRURe tricthhatided B TP pt WY 1BRIrogen
o SHERHRLORO (UM ith oRAE DR a6 " SRR AR B hydrogen
AT SN e, AP s i

I GedBALAL E')Pfheaﬂfétéljt?ﬁeiwggﬁﬁ rb(ﬁ‘l@ﬁg&ﬂ[cﬁpﬂf ﬁ'ﬁcﬁﬁ{ﬂ\%glgrgy such

concentrations i1 n ntati gas, which
oﬁg ﬁbﬂﬁﬂg@aﬁ’fﬁ ple 4. 25 Fig. 5 is a graph show ng
h .

e correlation-between the nunber of fernmentation
SBAEODEs@APtioRcoMid DgawiaRg carbon dioxide 8

[0016] Fig. 1 is a block diagram showing an example of biogas
generating apparatus favorably used in the present invention.

Fig. 2 is a graph showing the correlation between the number of days of
fermentation and the hydrogen and carbon dioxide concentrations in the
fermentation gas, which was obtained by Example 1.

Fig. 3 is a graph showing the correlation between the number of days of
fermentation and the hydrogen and carbon dioxide concentrations in the
fermentation gas, which was obtained by Example 3.

Fig. 4 is a graph showing the correlation between the number of days of
fermentation and the hydrogen and carbon dioxide concentrations in the
fermentation gas, which was obtained by Example 4.

Fig. 5 is a graph showing the correlation between the number of

fermentation sessions and the hydrogen and carbon dioxide
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concentrations in the fernentati on gas, which was
obt ai ned by Exanple 6. Fig. 6 is a graph show ng the
correl ati on between the nunber of days of
fermentation and the hydrogen and carbon di oxi de
concentrations in the 5 fermentation gas, which was
obt ai ned by Exanple 8. Fig. 7 is a graph ShOMAng the
correl ation between the species of material | sup E

| copdateratiunst inetheyfdrmgatatemmges ribichdivesiobéained by xample
concentrations in the fernmentation gas, which was
obt ai ned by Exanple 9. Fig. 8 is a graph show ng the
correl ati on between the nunber of days

f Brgrénisaa goaplaplowheg the pamelasicon betvissn tLﬁdwnaber of days of

concentrations in the fernmentati gas, Wwhich was
ofsraensation aEfdthﬁllé/drggelE%ﬁﬂ ab% {0l caicgptragns in the
nurreral s .[0017] .a hydgroge eﬁ nent t| on t ank,

2 fermentation gass whi V&b ainegd by Exa .lines 15

B Ahes for oot S SRR ] e
TSI Bt 1 0 SR L ey g
e G e
fg}%?sgen ! ekt gﬁ&%&é ﬂﬂe %@ la 1é)?trn€6|>t%é@glbt{ﬂ@%mber of days of
hg(%{ oe%ﬁgﬁgﬁ gaglgn@[e %%tﬁ&fegg%%?ﬁﬁfﬁdﬁ ﬂ dgﬂﬂe B¥n@entrations in the
AT R L
ol SR pPRUEARET, T on s
@Of’}]mlt gl fyurBaLh | fethidtord 946,28, 14 fHaAkNferAfentation
tank, L1 to L5...lines
Best Modes for Carrying Out the Invention

[0018] In the following, preferred embodiments of the present invention
will be explained in detail.

[0019] Fig. 1 is a block diagram showing an example of biogas
production apparatus preferably used in the present invention. The
apparatus shown in Fig. 1 comprises a hydrogen fermentation tank 1
and a methane fermentation tank 2, thereby carrying out
hydrogen/methane two-stage fermentation by a continuous operation.

[0020] The hydrogen fermentation tank 1 is provided with a line L1,
whereas a liquid to be processed containing an organic matter is fed to
the hydrogen fermentation tank 1 by way of the line L1. The liquid to

be processed is not limited in particular as long as it contains an organic
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matter which can be hydrogen-fernented by a

hydr ogen-fernenting m croorganism The hydrogen
fermentation tank 1 is useful for processing

bi omasses such as organi ¢ wastes and organic waste

water in order to acquire energy gasses fromreusabl e
organi c resources anobng 5 others, and is preferably

enpl oyed for processing beer brewery wast e

nedteary wisish esan dtec hyidnogyn- -ferengried %}0@ Hyds Ogeﬂ fremeﬂtmg
hydr ogen-fernmenting m croorganismis contalned in th
nyidrogegantsemmenthe i brdregen ermpBtakipar daRk- 1 elhema E for

m croor gani sm perfornms hydrogen fer rregt ation fromthe
proegismgraiameasses Snﬁhta’»ié)rgﬂa@ waslgs pa d}rggggcswaste water in
Exanpl es of the hydrogen- fer mentin nm cr.oo
mdim‘lde agHuse meégmg@is%% HaR §ﬁ§s%l‘ﬂ% IPrE3NE rn?gPP}‘QﬁSaa}mong
Met hyl ot r ophs, an Bact.
ArikcBac or i erobit G BRaBROBI G0 GRTL et
suc Escheri chi a coli Ent bact bi
LD GRERY i Sk w@av Genes and Baci | lus; 15
ynt i c ba erl and anobact e

ﬁgﬁiﬁﬁ : it R Qﬁpgaﬁrm Bé%?ﬁ"%i‘%ed in_the

ated m.croo nlsmor a d ]

dlé?%?m or é@rf@%ﬁtﬁﬁ{ﬂle fapk hyglr)(;genlgﬂ %%geﬁ[?&%gﬂﬂng

exa e hydroge

GBS e G B PR S Rhe Rl BOnEIREp (RS matter
o

. nﬁgﬂﬂg EO tb}L E&gcc E?%f maﬁéig g;ﬂq%?)g;tg% fdro en—fermentmg
%féﬁé{%ﬁ@é@ﬂ#&”&& A LG d’(‘ﬂré%b@n&"'sﬁcﬁh %0 @loﬁr@ha

ur e of a to 70C

%&?ﬁ EE %ﬁ{dn%:%eﬁ Ehheat edchyjsuaidaAr chaebactena

erment croorganism a férmentation gas
L F0 B MRSty 10 a3 /B o
B Sy sOSfra 0dsoch Scasg Bocls
Ihotosynthetic bacteria; and Cyanobacteria. The hydrogen-fermenting
microorganism may be either an isolated microorganism or a mixed
microorganism group (microflora) suitable for hydrogen production.
For example, the hydrogen fermentation by an anaerobic microorganism
group can be performed by supplying an organic material such as a
biomass to a fermentation tank containing a hydrogen-fermenting
microorganism under a condition with a pH of about 6.0 to 7.5 and a
temperature of about 20° to 70°C. When hydrogen fermentation is
effected by such a hydrogen-fermenting microorganism, a fermentation
gas (biogas) mainly composed of hydrogen (H) and carbon dioxide

(CO,) occurs, while organic acids such as acetic acid, butyric acid, and

lactic acid are generated. For example, glucose is decomposed by an
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action of a hydrogen-fernmenting m croorganisminto
acetic acid (CH3COOH), hydrogen, and carbon di oxi de
according to the followng expression (1): C6H1206 +
2H20 -> 2CH3COCH + 2C2 + 4H2 (1) 5 [0022] When

causi ng the hydrogen-fernmenting m croorganismto
perform hydrogen fernentation in the present

i nvention, according to a correlation_ between the, )
aotiorniofati diydrbgendiepnentingi meigreoigenisne Nt agedic acid
liquid to be processed and the rate of consun‘pﬁi %n of .
(G, EMDOH )athy drogen, tanchgabegedioraderaaeonsgng to the tollowing
m croorgani sm a maxi numtol erable 10 concentration of
elpresgigt (lgt e consunabl e by the hydrogen-fernenting

mcroorganismis_initially determ ned. Her t he
Q&&p@aﬁ&%b@c%@ﬁacﬁoﬁééé 3+n&g[2y estr .?8 ed in

o W B bty o BTPEFRERTTRELIRE cTOGFQAEHBRTE o
rEioutT GUATaEA RIBIGREiPbd 16 U HY BRenaasgopdingeto 2
0l e R, SH SRSB4l L
C e oL eSS AR T, B DA O of RS S8 Fare
iy e e el e LR
E?%E%é@%ﬁ?% Pq%ﬁ%?%#b%#a?%ﬁfﬁn?‘?még%éﬁiﬁg Pg’ﬁ“’&%_@ﬁﬁ%{ﬁ“ﬁ%
SRSl S BB R B B bebome

VAL QRSN ﬁf)%ﬁ%d”irﬂg%ﬁgﬁﬁﬂ 8 oé:%%rsei?}éotrfbﬁates with the

1
hydrogen férnentation c e perforned sufficiently

T
3k GoRRFHE bF ah8 MKy drfdgehl fepnRiting AflckdbrEAtisfl. 9aAl prefédred
substrate is a glucide.

[0023] The “maximum tolerable concentration of the substrate” refers
to the maximum value of concentration of the substrate allowing the
substrate to be consumed predominantly by the hydrogen-fermenting
microorganism for the hydrogen fermentation. Namely, when the
concentration of the substrate in the liquid to be processed in the
hydrogen fermentation tank 1 is kept at a level not higher than the
maximum tolerable concentration, the substrate is predominantly
consumed by the hydrogen-fermenting microorganism, whereby the
hydrogen fermentation can be performed sufficiently smoothly. When

the concentration of the substrate exceeds the maximum tolerable

concentration, lactic acid bacteria and the like existing in the organic

11



10

15

20

25

matter such as a biomass remarkably inhibit hydrogen
fernmentation activities, thereby suppressing the
hydr ogen generati on or the growh of

hydr ogen-fernmenting m croorgani sm [0024] The nmaxi mum
tol erabl e concentration of the substrate can be 5
determ ned by the followi ng procedure, for exanple.

First, a plurality of Iiquj t o .he. progessed .
coaiter Loy a%spbidmess ¢8 ﬁ?slé(t infbitohydrogam, fermgntation
different from each ot her, are prepared dr ogen
fastivititsatheisdy SInpEsREthe @ydf%égbg?%ﬁﬂxﬁr?dg@ﬁrﬁf qrgh of
of hydrogen generation at that tine are determn ned.
Trvelregerapin aa RS YCTONHEARLHE’t rat e can be 10 adj ust ed

Hfgédl b B e Soplerletdf ot e Prid® oo b
a6 B e REOSH L RRERTT s it
531 RS 381 5 oR BUCCGRRATag Rufoplaimdabins of o
SEPL AR P30 Pl G nEr oGy pRRR AR EROB L Tttation
R R e R e A

gﬁﬂ%g%ﬁ‘ ac?éﬁt@ﬁhﬁ{e#c?n Ak RIRckREatidg2oPSthe substrate can be

ons of 'the substrate, whereby a correlation

Saﬁﬁﬁﬁeg{b% bRENSHBSHEAREGR SRS ttheNidid B peRessed, or

E€ner a obtained. 20 In this correlation

Céﬂ”dfﬁ% the %uBXQé&gﬁf‘t}&eﬁggﬁi {oPBe rBLEseds uaWVhenttRe dsibstrate

to I ntrease as the substrate concentration increases,

et derheantndbkas a gicld)ifog erafipié nhe lakite eéncentration

certain concentration. Since the "hydrogen generation

appuht dRpAAdSoOhd g@'doébﬁcbfcaﬁpnb@mhh@mm ithen polymer
substrate by the hydrogen-fermenting m croorgani sm

thslysangrpideat bath 28syi @ldilog, t ieemielluiosey alare siarch;  an
Rydfi ogen generation anount in the correlation curve
bsl¢eoeechaddersiion mas olnealabiriose oncalintriasé,ororofeallogriose,  a
monosaccharide such as pentose or hexose; or the like is added thereto.
[0025] Next, measured amounts of hydrogen generation are plotted
against concentrations of the substrate, whereby a correlation curve of
the substrate concentration vs. hydrogen generation amount is obtained.
In this correlation curve, the hydrogen generation amount usually tends
to increase as the substrate concentration increases, and decrease after
attaining a maximum value at a certain concenfration. Since the
hydrogen generation amount depends on the rate of consumption of the
substrate by the hydrogen-fermenting microorganism, the concentration

yielding the maximum value of hydrogen generation amount in the

correlation curve becomes the maximum tolerable concentration of the
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substrate. [0026] Adding a hop or hop conponent to
the liquid to be processed here can effectively
suppress activities of a mcroorgani smgroup such as
| actic acid bacteria which adversely affect the
hydrogen fernentation. 5 Antibacterial actions due to
t he hop or hop conponent do not affect activities of
Fﬁgﬂﬁ? rogen-fernenting mcroorganism Therefore, the

@@%L%@%‘ﬁé&u‘@fgo@% AoRCEHpROTBANRS the M (b eliflodesed
AR SOh eyl chpusti efilifs, of pehfBioor s SfiFroup such
g% Q%&gce Deit% EIC%%H% ﬁlﬁ%hocﬁlv'e%e% a6l the M ehRrinkAtttibn.

€ processe er the rogen fernentation

grﬁﬁ%éﬁgl hb@ﬁﬁ@dﬂéﬁ l’ﬂ%ée Qfg;g@r tippgrebligsshent do not affect

ernentati o ich w | ai ned | ater, the

i " bBBn- hnpemiQoRshnione sThetlfbse, the
??ﬁ?ﬁ[?% grtHrrgant%%ﬂo ie%ufi%gtﬁgonggi né a h%% or hop

%BHR%}? BF thd %o@?@@ﬁ%ﬁ Ricghgsaititoehpl lydd tasbd beodespedrcan

op conponent em cal ly nodi fi ed hops such as

RARaAEE AR neSxinhiaR tedrabls cohetratidir aftise sibstmete] fdeeteby
hop pell ets, and tetrahydroi sohunul ones; hop a- acid,

HeRhEBTABHEVingNthetdféicldres. atl B8 Afhe Adqerdomgimippthehiugdrogen
determ ned maxi num tol erabl e concentration, 20 the
ydheserichelmpraaticon Whibetherlipddi o peaptdoessed after the
Nanel y, the substrate concentration in the supplied
lhiydubgeri ofdrmemtaties sedrmeatguediquid) isatsebjestediioc inetgne
liquid to be processed flows in and out, etc. are .
dfeimenadiosusthichavilt he explasmd fatennthef metkang petpertation
in the hydrogen fermentation tank 1 is not, higher

wcharbe perfoaxiedunorobmoathly i2shisdecmentasd anid aerfaishdy jop
or hop conponent is further added thereto if

e dEgseeponABt.eby t he hydrogen fernentation is
perfornmed by the 13

[0027] Preferably employed as the hop or hop component are
chemically modified hops such as hop strobiles, hop pellets, hop
extracts, isomerized hop pellets, and tetrahydroisochumulones; hop o-
acid; hop B-acid; and the like.

[0028] According to thus determined maximum tolerable concentration,
the hydrogen fermentation is performed in practice. Namely, the
substrate concentration in the supplied liquid to be processed, respective
rates at which the liquid to be processed flows in and out, etc. are
adjusted such that the concentration of the substrate in the hydrogen
fermentation tank 1 is not higher than the maximum tolerable
concentration, and a hop or hop component is further added thereto if

necessary, whereby the hydrogen fermentation is performed by the
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hydr ogen-fernmenti ng m croorgani sm Wen the organic
matter as a material has the sane quality, and
fermentation conditions such as tenperature and pH
within the hydrogen fernmentation tank are wunchanged,

t he anmbunt of growi ng mi croorgani smexisting in the 5
hydrogen fernentation tank is substantially held
constant. In continuous operations, the liquid to be
phpdeseadiarmeandimg micostrgahisant o Whee thedexggarc matter as a
fermentation tank while_being continuously discharged

t hatefialomaswier sbine quakitdeand afsrmentation rondideny sugh as
be processed be continuously supplied while takin
ateroperatgie tansl f pow-withandthe Mtﬁ'@geﬁzo fermenpiationg Jgak are
to be processed, the consunption of the arganic¢c matt.er
(BRchangss r Hice)aBQUIN Ofo EF QA NICTOOEZAIEh gXisting I the

ni croorgani,sm i nobilization can make t

SN manTRG Boul | SSBSRRALY ahEl corataRt  In
i t hout being infl d by, f tuati .in th

RO AU GRERAHONE: T ARG 10 bETNECrSS s smueHossLfid to

bt e b BRI SPRFE L U e
PRt 6T SRS b RGBIEETRE e b
LSRR SRR IRk Koy T PTIR and fowone
"OBYB7 T BelBbes o ok by o g e o
RAELP PP SRRk ) S0P gk G

|, AH ig?a‘g@nﬂ%{asi‘?ﬂ(é | oMd nglgidioo ise/ dken%;gtngheamount

amoun uation 1 n substr at concent on

PGl TP R L S flodltinin
material concentration (i.e., substrate concentration) of the liquid to be
processed within the hydrogen fermentation tank (fermented liquid) or
fluctuations in the rate at which the liquid to be processed flows in or
out.

[0029] The material balance within the hydrogen fermentation tank 1 in
a continuous operation can be represented by the following expression
(2):

V(dS/dt)= FS, — FS -V (- dS/dt). 2)

[0030] In expression (2), V is the volume of the liquid to be processed
in the hydrogen fermentation tank, S, is the substrate concentration in
the liquid to be processed flowing in, and dS/dt is the amount of

fluctuation in substrate concentration per unit time. Subscript C

indicates that (-dS/dt)c is the amount of fluctuation due to the
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consunption by mcroorganisns. Fis the rate at which
the liquid to be processed is supplied and the rate

at which the fernented liquid flows when a fixed

vol ume operation is assuned. Nanely, the left side of
expression (2) is the anmpunt of fluctuation in

substrate consunption per 5 unit tine per fernentation
tank, the first termon the right side is the nount
ofonsumplins byanécropeganigmisn, it isdhegatmnat waigh 6@#%@% to be
right side is the anmount of the substrate fl ow.ng.
opitoceastdl tsheupmiied andrthedigte ge thlgﬁtt eﬁg@epge%ggld flows
anmpunt of consunption of the substrat

b .
veeBot daiads FelUME (RBTafion is ASFemesnt Nagsly déedefionide of

Pohersi 2335 R o o8 i o
iR ba raARaR Bh 1k SrSy ETRE onclRrHBRE sides the
L BRRUHE Onghe ShbSTarGABaE SEHE! wtbntirmegh TRE Vi Ve is
oBecrBpant G ahe S Rald o RTng St AR IR dE St on the right
ngdas ore o B ERE SRR (R ol erShrgepisms.

AP e AR RO SR SR ER B! A8 eperey gas from o
SR DR bOSAR & el OB SR BB e por
nfégr[ﬂe‘?ﬁéﬁon .eb}’n tt%ﬂfs &%ahEi frfnd ﬁ‘iénv?é\fv%@i%t rdfofrmentation
side, 1.e., -dS/'dt)c, s Kept at a value as |arge as

PRRS! B 651 deRfAMl | 48t MREAMLRSOrehnishs Nedepins é‘u%bunt in the

hol'di ng the m croorgani sm keepr'ng anount ih the

f R RM A HON tABOKDAS G 38 1R06SKB! ossiBllsidenrd] that the
process of immobilizing mcroorganisns in a

TG hR S@ch TahE ardlhele béndilxedr & aagchohs fpossibie  When the
floccul ating 25 m croorgani smmasses, and filling the

f Rt ati bR b pleddtkonid Redtletedoat a fireddétengindibterhperatine. and

Though there’is a technique in which 15

a predetermined pH, the rate at which the substrate is consumed by
microorganisms depends on the microorganism keeping amount in the
fermentation tank assuming that there are no disturbing elements such
as mingling of toxic matters and lack of essential nutrients, whereby the
third term on the right side, i.e., V(-dS/dt)c, is kept at a value as large as
possible in practice.  Examples of techniques for holding the
microorganism keeping amount in the fermentation tank as much as
possible include a process of immobilizing microorganisms in a
microorganism carrier; and a process of forming flocculating

microorganism masses, and filling the fermentation tank with them or

floating them therein.  Though there is a technique in which
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m croorgani sns are grown and kept at a high
concentration in a floating state w thout

i mobi l'izing them the m croorgani smconcentration is
susceptible to the flowin of the material |iquid and
the rate at which the fernented liquid flows out,
whereby it is desirable to enploy a 5 m croorgani sm

i mobi i zi ng techni que. 50032 In_.a fernmenting
opgerarganismspatsczrovy 2ad kepeebg hisk conepizatiph sradloating
or the like, it is_inpportant jn terns of .apparatus

estaie vaillagult namohlhatng Kaetp; shagvicrpRTganisy goncentration is

FEI R N A
st.ably. éo Fur hfﬁ fromt 13 oi.nt ,of, f
h%&ff 1ta14 t@wrs. p@ttt sere §| ta%nté%m 1 i Sploy 2
t ef fl uen S e om fluctuatin
TﬂgF’é?%"EémSm gup@%ﬁzggﬁcg‘ﬁl@% or vari ablge ternms on
oM b 2 B EEBREE o r&ﬁ%sﬁﬁ‘%f‘%%%gyag%s from
t ant 0033] .-He
BRERAST O i lices Thib R tant AR AR 1 S HanRa S pigney) that
d.f h
el ol Blna®y,  BREE e ?sﬂﬁ%%{%?@gglﬁ%%@%&@{ bE"Processed

S#Aﬁﬁg Y% Wi g REP| 0 o618 BHARKEAL SR PRAERI A Y0 ey,
n?élétﬂé{n erfnef}?é){fﬁev?ﬁ&ﬁf %tfrv%été’ r\‘ﬁvat%p pw&e%éi g’@ﬁ@ th@%ike, the

dation on t Is set zer accor di ng

t Rhad ROntbAWABAL LONGR %??é@sxt %ﬁ%te%@ Wept 2rof@MIRStuating.

rewritten as expression

2?] toke AR/ & ot d/ééz ra(tﬁé‘)foz Fvéﬁéblésféi*%ﬂs lotaStIRO)left38Me of

0035]" Assum ng t hat and (- dt)c are constant

e e i ongfgoniohlsins
are important.
[0033] Here, keeping the biomass material concentration such that the
biomass material is not used for the growth and fermentation of the
microorganism group such as lactic acid bacteria is synonymous with
keeping the substrate concentration S in the effluent at a level not higher
than the maximum tolerable concentration.
[0034] When the fluctuation on the left side is set to zero according to
the view mentioned above, expression (2) can be rewritten as expression
(3a) or (3b):
(S-S, /- dsjdt), =V/F (3a)
F=Vx(~dSjdt),/[(S-S,) (3b)
[0035] Assuming that V and (-dS/dt), are constant since they should be

as large as possible and held constant as mentioned above, it will be
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sufficient if the material liquid supply and the
fermented liquid flowout rate F are calculated from
the right side of expression (3b) with respect to the
substrate concentration So in the flowin materi al

liquid in order to keep the substrate concentration S
in the effluent at a predeterm ned 5 | evel and operate
the substrate consunption variable term per )

f sufiieneret i ¢he umtkri@lngqmct suieplyfarekihecfsinentgdlifusbilasv-out
to prevent it from fluctuating. [0036] Performng the
hyede dyere ¢alcntaicdtiian thy rnight siddrod gepresseoméab) mgth respect
m cr oorgani smas such generates a fernentatjon, gas.

(19 theasybstiage poncentratap Seedn die Ripiy-ogenatenal digpdin order
di oxi de, and produces an organi.c acie% such as acgti cC .
alsl keep the substaieconsenfragiones dgithe efflusnt geadragetgrmined

bi' ogas i s taken o% of the hydrogen fernentat |bg€2 t ank
1lepgl @ag @pezate; ddeL subsHalfghcomBIppighs V@aRbe IRy per
in a fuel batter r..the like while . still in a m xed
gﬁzi:rrtﬁmﬁw sl (i sids g SXAFERIe (21 spsag jtpfprevent 1t from
S ga ator equi pped with a palladiumfilmwhich passes
hﬁ F{’)’@éﬁg-therethrough and bl ocks carbon di oxi de may

g eRo i, B Ay S eyt Wy igiReen-
R T R TRy e
R G R L e R A
PG FH oS Rl A6 YR B T Lnteo el o
repTeaalf plvpes BoBBrhTad oL ML S5 Fdeed ToFLRATED fonk 1 by
COAAUES BITETELGITEN W2 SuTLENRER S By o
‘iﬁ;ﬁsMﬁé aFhile Ml &R Anfkba st ¥f Bl dPPss aBd¢arBBhNd@bRide, a
film separator equipped with a palladium film which passes hydrogen
therethrough and blocks carbon dioxide may be used so as to isolate and
collect hydrogen with a high purity from the mixed gas. Highly pure
hydrogen can also be obtained by causing the mixed gas to pass through
an alkali solution and making the alkali solution absorb carbon dioxide.
On the other hand, the processed liquid (fermented liquid) containing
the organic acid after the hydrogen fermentation is transferred to the
methane fermentation tank 2 by way of a line L3, so as to be subjected
to methane fermentation.

[0037] The methane fermentation tank 2 contains a methane-fermenting

microorganism. A methane-fermenting microorganism group is

usually an ecosystem in which a plurality of species of methane-
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generating bacteria exist. Wen various

nmet hane- generati ng bacteria such as Mt hanobacterium

Met hanobr evi bact er, Met hanosarci na, Methanot hri X,

Met hanogeni um and Met hanocul les are allowed to live

in this ecosystem nethane generation can be perforned

efficiently. 5 As a consequence, the liquid to be

processed (fernmented liquid) transferred to the )

ne¢hemtngebasatiat éxist. t aWhen sftions trhethapdrgapenating bacteria

fermentation i s deconposed _into nethane and carbon )

dswoli des Methdmibagterumss haiethhaohesitibacten sMgithanessicina,

a hydrogen fermentation step as such is quite useful _,

f Mgthenethyixe sthiarogsnived aadnylathenamillegearecaligwed to live

organj c wastes, lowering the environnmental | oad duye io

oty 4hisc egpRsistemyanethang; gengragtigidren o farEachetiiciently.

t hat net hane can be o taLagd as an energy,gas. {%P%%l.

THE 1B GONECAURINE, pHisc dibil (¢ ePRreRIQIESHS uﬁfgsmen ed” Tiquid)
ted to the t hane fernentatjo ef.era

i%g%gﬁ%ﬁ%eda oo B8 o FRBIEHEUOD 160K ﬁ@@ﬁeﬁ{%@ydmgen
e i PReBrbeRs L EP cSTRRRSvhits REELE" bt
F BRG] RoR Eatt oo U ofer RS or D CAgn fermentation
CHEPTRGarD Sraeifs S5r B A8 e BB SR g dh S RE v S fime
i §ridd ?Z%ﬁ%ﬁ% ISperRetbs SR DR IR A PORRRE waste
Bt 4 it SR 99 36° St SN Blhor, P 1% gD a5 an
pél?%gﬁ,gag-v\hen the latter is transferred to the

ne ermentation tank 2. [0039] Thg bi ogas

o e B e e Rh 2L ViR TR ectegbts the
L ARt dBAnch@it TN fe?ﬁbl&rg%m%il@é’ AR pObr ehdp nhfenent.

Though t he bi ogas can be

The fermented liquid containing a hop or hop component is preferable
since it can effectively suppress activities of microorganisms which may
inhibit the methane fermentation caused by the methane-fermenting
microorganism. When a hop or hop component is added to the liquid
to be processed at the time of hydrogen fermentation, the hop or hop
component is brought into the methane fermentation tank 2 together
with the liquid to be processed. However, a hop or hop component
may newly be added to the liquid to be processed when the latter is
transferred to the methane fermentation tank 2.

[0039] The biogas generated by the methane fermentation is a mixed

gas of methane and carbon dioxide, and is taken out of the methane

fermentation tank 2 by way of a line L4. Though the biogas can be
18
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utilized as an energy gas while still in the m xed gas
of methane and carbon dioxide, a filmseparator which
passes net hane therethrough but not carbon di oxide or
an al kali sol ution absorbing carbon di oxide or the
like can yield methane with a high purity. On the
ot her hand, the 5 fernmentation |iquid residue after
the nethane fernentation is di scharged fromthe
mutt lizek af exreneayt gas tvaike Btiblyinnglye onixgd| gaseof snethase and
fermentation liquid residue is one having sufficjently
reathondlipxiley @l five separader wihieh passesoguatiianetb fﬁtbgérﬁh but
invention i s not restricted to the above-nentigned 10
emdloetirhentdioriie exanpllell solitign abrorbing ear A1 o the
enbodi ment _ i ncl udes a step.of determning th
t ke ream Fiddnmetang |Vélﬁho% q’ﬂgh@@@%t ratle &WWEE@@J the
t he hydrogen- ferngenti.ng m cro ani sm accordln
PIESH AR TEIOH FUAE HEF S TR HEE BT et AR przed
sune t hydr.ogen-fernentin ro sm
tlﬁp ﬁ%pmeé i f? neHREDE Hke & by Wiepatngl g?ﬁghoéﬂle
ad o the ljquid t r ocess
?aqb(gn Bahid il b e h%w%%ﬁ@ﬁ Bl e5REf drs volume

I | q }'ﬁ C{t;e pr ocessed contai ning an organic matter
FoxHS L at i ng contam nant m croor gani sns

Wa 50 RO AL A OEY o A BB
R S TSP it
#%ﬁg%‘@t{@bﬁ ﬁg%hﬁgﬁa@@?Hﬂ%ﬁr@g:tolgﬁé@%%ﬁ&ntrauon of
AF ST 1] BB 3 S
A 0o S ARG ot SRCERE) 8 S e s
Tt P8y Cthe APdrogen-fermenting microorganism, this step is not
always necessary when a hop or hop component is added to the liquid to
be processed. Namely, by adding a hop or hop component into the
liquid to be processed containing an organic matter and deactivating
contaminant microorganisms inhibiting hydrogen generation without
affecting the growth or activity of the hydrogen-fermenting
microorganism, the present invention can effectively generate a biogas
mainly composed of hydrogen.
[0041] Though the above-mentioned embodiment relates to
hydrogen/methane two-stage fermentation by a continuous operation,
the fermenting/cultivating operation of the hydrogen-fermenting

microorganism may be not only a continuous operation but also a batch

operation, a semibatch operation, and the like. The semibatch
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operation is an operation in which a specific limting
substrate is supplied to a reactor whereas the ained
product is not taken out until a harvest. This

operation is also known as feeding. The batch

operation and sem batch operation are favorable in

terns of keeping the 5 material concentration wthin

an appropriate range, since the substrate . )
copeistionatis can i oparaiofemenhighi én spegidici dimitingisybslate 1s
easily calculated fromthe added |iquid anmount, the
ssiplied & egweetornabeisasithe ehaedqareduct isgupgtakeReout until a

TAETCL DD S AT
OO L5, PR kb i LSRR BT H g e
i's continuously discharged fromw.thin the .

£ BIATEHE LEPRRERLEAHION WHGHBLS" SPREPHEA REAPEET SIShalhg, fuistrate
e T L R A
O e RO TP e i gy addea
SR e SATEST ol D bt 0 e
Ok 8 R e R e AR o
o ARG R P LA 0 SIREPEy 008Rlon
AP Sg0RELD Sl Vit g SENSRoh O e
o dAR03 RGeSl o
cQ Hg%gttraﬁﬂlz% LOEBRT GFYARADKCinS FlédeBubeshd\Bmt@s4l ¢dmiustbtion
by microorganisms. In general, the purpose of fermentation for
collecting an energy gas from a biomass as a material is waste
processing of biomasses such as organic resource wastes and organic
waste water or waste water processing, whereby the continuous
operation is rational in terms of apparatus operating efficiency.
Examples

[0042] In the following, the present invention will be explained more
specifically with reference to Examples, which do not restrict the
present invention at all.

[0043] [Hydrogen Fermentation Inhibiting Action by Lactic Acid
Bacteria|

Example 1

Sludge collected from an anaerobic sludge bed was acclimated in beer
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brewery waste water (wth a pH of 4, COD of about
15000, glucide concentration (calculated as gl ucose)
of 4000 to 5000 ny/L, a lactic acid concentration of
about 4000 ng/L, and an acetic acid concentration of
about 100 ng/L) at 50C, and net hane-fernenting
m croorganisns 5 were elimnated therefrom so as to
accunul ate an acid-generating fermentin .
ey srstmvgaton RedpabpH of 4drO8) minabaiytdl 596 glucide
fermentation. Using thus accunul at ed nicroo&ganisn1 i
geongerdrateon (¢aloulatednascghcosebed 4@ hdat0bmedd a lactic
with beer brewery waste water as a fernentation .
na¢idrganicentrgtion afoabpurdtiiwg/ korndgs@ceticdsid gongentration
The continuous fernentation was carried out under a . '
cohaborbd 08 mgdl) gt PA°6, sl methaes-Tesmpenting maigoerganisms
correlaﬁion bgtmeen t he nunber of daégﬁof . .
 wieke nelamiHed ntharaBroRYdFe geh tanacCHPBEIE di 3@d-generating
concentrations in the fernentatiog gas. Th r.gani, c
alSTCIRHE e ORF2ARIRE (§HRFPoCaRg Alco fiin RERFaBNTS: ifgifrogen
mg; nainLégco ased ,of about 008 15 qg%L of acetic
alTECTLBANR- 200N Ey MUS ACKHIYHFIEd J B §T ORI RANISHY (JTOBBoas an
/L of lacti.c aci The, fermgnted.,l iqui d wa
cHicudimt EPPHHETs dormeRim b Tal Sl BB SRy wanie water
was cultiv at O . ur U@ | | gh
RS e RbRBplmaldr aRid AL bEGRBRA Ry ApPRt dgmonth
e ‘ . . . | ol s
o B SRR e BRATARn Sl TR SRR & PR FRigHGE pi
j ecl f ' j j i @t .
Soithkn B8R G I S W3 P BRI AR her! thellinber of

f 8{r11ysan A" O PN hldONthedN ﬁg?{’}%&éﬁ e\%ﬁgn Cﬁa;r ?Iﬁv edioxide

gerres 1 n grown CcCol onies were an ere

0 i LRSHME M i i
Cmﬁnﬁ Horf Eli;ﬂfhe Fé}ﬁférﬁgﬁ%c‘f’ﬁ? g8s THRO6ARMS BBiPEeAsAUSd at

| e sanme el speci es “of

PSSRSO A8 15 400 O Ty AL o 100
GINY/EUbf HESieR@GidimbaAk 2000 mg/L of butyric acid, and about 200
mg/L. of lactic acid. The fermented liquid was collected from a
continuous fermentation tank, and was cultivated at 50°C in a culture
medium in which the beer brewery waste water was solidified with agar,
whereby several species of microorganism colonies were detected as
dominant species in the culture liquid. Eight species of
microorganisms predominant in the colonies were cultivated in an agar
culture medium for anaerobic fermentation, and base sequences of
genes in grown colonies were analyzed, whereby five out of the eight
species were microorganisms of genus Clostridium. The same eight

species of microorganisms were cultivated in an agar culture medium

for detecting lactic acid bacteria (modified GAM culture medium
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avai |l abl e from N ssui Pharmaceutical Co., Ltd.), but

no lactic acid bacteria were grown. [0044]

Conparative Exanple 1 After 20 g of glucose (nmade by
Wako Pure Chem cal Industries), 3 g of 5 yeast

extract (made by DI FCO, 5 g of peptone (nmade by

DIFCO), 3 g of nmalt extract (made by DIFCO, and 5 g

of NaHCO3 (made_ by WAko Pure Chernical Industrie .
nevallalss GonedNisul Phamacastiaal &ro- (el B taptic acid

sol ution was subjected to steamsterilization at 121C
f bactesia WeTRUB®SYwher eby a fernentation nateri al

ik @@5&?@6{'53@“@@%@% 2 culture |1qud which had
pdlRer 4D Gk BuChaf Gmas, b1 Walka Ruiabertinel uirisgn3 & of
1096 o R 5@%@? & OF DRI B R SDIC0), 3 ¢
noRE e Giale BEDTRERR s, &ﬁﬁﬁ%ﬁ‘g@%@@e by Wako
oP Rl drBgbfedinidbbibo oSl ABSPRA I clitacSRay WHkk, the
SR ) Y BTS00t 1
PHALRST Whelcht, E%Eﬁeﬂﬁagf&h LARAI AR, walhieBibed NeThe

rogenh production rapi crease ts of

Z?erg’fé\}gﬁﬁBh% Rhia2g Lh or 3 ﬂoc@?‘&%ﬂ'v@ﬁﬁ% E‘ultﬁfbdhgéfd Wwhich

acl Fe ana yzed ment at1 on and

r BSQYedehVEbtai A&RE b thﬁ?otfs'l}'; ?E-mﬁ @He LRRE bréivesy waste

batch fernentati oh sessions msnt ation |iduid

MRLR&l fbr §NgRfith vuiﬁre%bmelmrdlﬁoﬁ%fd?lﬂpé 0 eymgista 50°C as a

increase in the third batch fernentation as shown in

Tedt eentatidhenMceT0 HAAN iAMEeAPR: 1Nar8 Baieh fhimentagibahwas
cul tivation was anaerobically cult ivated at 50C in an

pg%it(egﬁééd fc?rifa I@ﬁtl ﬁ@drwac&pam 09C.ng AHoit &8s ofdsalrogat wadtabout
40% of carbon d1ox1de were obtained in the first batch fermentation,
about 50% of hydrogen and about 50% of carbon dioxide were obtained
in the second batch fermentation, and about 35% of hydrogen and about
65% of carbon dioxide were obtained in the third batch fermentation,
whereby the hydrogen production rapidly decreased. The amounts of
generation of acetic acid, butyric acid, and lactic acid were analyzed
before the fermentation and at the respective times when the first,
second, and third batch fermentation sessions of the fermentation liquid
material ended, whereby lactic acid was found to increase in the third
batch fermentation as shown in Table 1. The microorganism group in

the third batch cultivation was anaerobically cultivated at 50°C in an

agar culture medium comprising glucose, yeast extract, peptone, malt
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extract, and NaHCC3 (the fermentation liquid nmateri al
having 15 g of agar added thereto), whereby severa
speci es of mcroorgani smcolonies were detected as

dom nant species. N ne species of m croorgani snms

predom nant in the colonies were cultivated in an agar
culture nedium5 for detecting lactic acid bacteri a,

and base sequences of genes of grown colonies were
aewlrgate dandwNe KB i(thmg@m@uaaonﬂmmdomafmainh%@ng 15 g of
speci es two species were Lactocqoccusg lactis, two )
sea addagbthereio) evbeediansevarabepaaies ORRHCHIZIRISAR sglonies
was a species related to Enterocqccus avium.or, the .

| Piess drfieaioran damiianhaPoqiRG | NIRGADECIS Phavicseqiganisms

acid bacteriia 10 group and the .suppyessi on of dr oge
gpml%mr@nté@éée COORIRS VRS GHHEVALH W Bh AEFE IR & ftedium

[gﬁolgge;tg-rgbl a%t'écgitgilg &gﬁgf %Bqldi)é%l ¢ aci dnq%a::t' c ac: - orown
(En of ?:LSI(1 sesl' gn 26§0 00 380§egn%f g i.on .

ZBOIOTIROB 1 Ao SR AL PR P10 thab e e cweries.
ORISR oS S RGN SRR oty Yyhlhococeus
L L R S
RS S5 B 5B 8 RSy G SBAE g8t
PRARRS R P o P esior bR BRHiS ERe B, joccurredin
B 8 Gl U G Fer et at on Ui ng_ Ber
B[@Y@J]VTX@@F Wat er ]

Acetic acid | Bytyric acid Lactic acid
(m g /L) (mg/L) (mg/L)
Before
fermentation 48 0 33
End of 1* session | 2600 1800 380
End of 2™ session | 2800 1900 190
End of 3 session | 2100 1400 3700

[0046] Comparing Example 1 and Comparative Example 1 with each
other showed that predominantly growing microorganism groups varied
when properties of materials differed from each other even if the same
inoculum was used. These two kinds of material liquids greatly
differed from each other in terms of glucide concentration. Namely, it
was suggested that predominantly growing microorganism species
influenced the glucide concentration of fermented liquids.

[0047] [Hydrogen Fermentation Using Beer Brewery Waste Water]
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23 Exanple 3 Wiile changing the dilution ratio of a
material |iquid prepared by adding an easily
assim | atabl e gl uci de conposed of maltose and starch

to beer brewery waste water, hydrogen fernentation by

a continuous 5 operation was perfornmed with the sane
culture liquid as that of Exanple 1 as an inocul um
[0048] First, when the hydrogen fernentation was
cEmaneplecdit with a glucide concentration of about

10000 nq{L in the material liquid and a _dilution

r ¥hide thanging the dilatiopntatieiodls af gaateriehiligrd( pegpared by
to 7), the 10 gl ucide ncentration in a hydrogen

f addiag an icapily AIRIMde glugide compassd o maltase ayd starch
800 ng/L, and the hydrogen fernentation underwent :
stehger ib.reweéy oxasier walihe RYdFREY) fetraetabRBERY racPaHnuous
of the nmaterial qu%%d w@F et to about 2200Q ng/L
WABFTEEOTY VA% DRrEoERed Attt GBS Bmf qoulthis Jigiid, g gjhat of
tgg gﬁgrqgen fernﬁﬂtation still underwent steadily 15
artABIYR 't FeYIMRGHEé X concent rati on in the hydrogen

f tation tank. slightl ose to.about 1000 po/L. .
VR Bt whEB thechy Fesh ERRRplRIGT e PR Bl with
mat eri al | iguid.havi he Lycrde: 4 .
BN eanrar iR At et Ao 1R TR e tfufial liquid and o
c rat:i one i r ' k
ADGARh B L ut 1 e SRR S RB RS, (4BBgL o 7 the
g Eati [ ] : :
SELEIG <BHoFRuA Gk LB HpREh dERapiatfcRLRK hRRE, piBle in

‘é“%&?%in | g fﬁﬂf‘i?ng/ggC@gd;ghgt}?}g%igg%ﬂgfqrﬁ{@ﬂ‘ﬂéﬁoﬁfuélderwem

ogen generatio ed, actic acl

C%E&felg.r atIiHE?enziLJ éf@%%ﬁj Jhg i Ql-ufc?t%eS ReWeeh it SR SR infiterial

bet we t he ays- o ennentation and the

hﬁgﬁﬂﬂ%s_%@@ t& AbBAN29D0H 1S/ 2 WHePEEMNe! Al rato Wi 0.4/d
fernentation gas in the above-nenti oned hydrogen

‘; %}ﬁg%ﬁg&t) g?%)él-rﬂf@ ydrefanstehenedtisi deilc aneRpvest | BBadily
although the glucide concentration in the hydrogen fermentation tank
slightly rose to about 1000 mg/L. When the dilution ratio was set to
1.2/d in the material liquid having about the same glucide concentration
(days 14 to 17), the glucide concentration in the hydrogen fermentation
tank became about 3800 mg/L, and the amount of hydrogen generation
decreased drastically. Namely, when the glucide in the hydrogen
fermentation tank was left without being consumed completely, the
amount of hydrogen generation decreased, and the lactic acid
concentration increased. Fig. 3 shows the correlation between the
number of days of fermentation and the hydrogen and carbon dioxide

concentrations in the fermentation gas in the above-mentioned hydrogen

fermentation. Table 2 shows the glucide concentration of the material
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24 liquid, dilution ratio, glucide concentration in

the hydrogen fernentation tank, and concentrations of
organic acids (acetic acid, butyric acid, and |lactic
acid) in each period. In Table 2, the glucide
concentration and organic acid concentration in the
hydrogen fernentation tank in each 5 period are their
central values. This result showed that the hydrogen |

f Beqwehdakition wio, lkbpeids woscpniyatipn fin the hpdregepelepmentation
the glucide concentration in the hydrogen ) ,

f ke andt ¢asreensiakions o fnengasicc aeids 4eoetic agld, butpiggcid, and
Table 2 G ucide Oganic acid . d.ucjde caoncentration in

Diactici amd} onceshrpgnien | i Aablod, dop clneifstGirengetign and
fernmentati n f ernent.ati.on taEIé in nﬁeri al .él/ d%}kt.ank h
( PganyC mcaqﬁ.c&n@ﬁgvr@ow@/ ihe hydrogeng{rppeniatign tagk in eac
id id id Da -7 10560 1.0,800 10Q0, 2500
ABc08 2rs Beuseraral Yaes1 800 B EHDbae0Ved Ak Ale Sydgpzen
1,.2 3800.1500 5Q00 ,4000 Days.16; 24030 1.2 3800 .
LRG0 RO0ES JED! 1%1199‘%3&5] W g rnes: Rk, g glucide
Usi d B t Ex Le 4 ' i qui '
oFoRsbR hie huiBeEh B ENR Gl A aliitsh 000
varipus concentrations as a naterial, continuous
hwggen fernmentation

[0049] Table 2

. Organic acid
. Glucide ..
Glucide s .. concentration in
. Dilution | concentration in A
. concentration . . fermentation tank
Period ) ) rafio fermentation
in material (1/d) tank (mg/L)
liquid (mg/L) (mg/L) Acetic | Butyric | Lactic
& acid acid acid
Days 1-7 10560 1.0 800 1000 2500 0
Days 8-13 22360 04 1000 1800 6000 200
Daﬁssm' 22360 12 3800 1500 | 5000 | 4000
Da’;s?lﬁ‘ 24030 1.2 3800 1100 | 3300 | 6000

[0050] [Hydrogen Fermentation Using Bread Bakery Waste]

Example 4

Using liquids in which bread bakery wastes were suspended in water at
various concentrations as a material, continuous hydrogen fermentation
was performed under the condition of pH 6.0 to 6.5 at 50°C with the
same culture liquid as that of Comparative Example 1 as an inoculum.
[0051] First, when the hydrogen fermentation was carried out with a
glucide concentration of about 11000 mg/L in the material liquid and a

dilution ratio of 0.7/d in the continuous fermentation (days 1 to 6), the
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15 was performed under the condition of pH 6.0 to 6.5
at 50C with the sanme culture liquid as that of
Conparative Exanple 1 as an inoculum [0051] First,
when the hydrogen fernmentation was carried out with a
gl uci de concentration of about 11000 ng/L in the
material liquid and a dilution ratio of 0.7/d in the

ST P st e ook 0 51
SBhPeriedhe: BAdoRAh REXROTIEURBnWaS nROEPTAPA] et BYwi DIEXt
R e e e oM e (B o
'ﬁféig? ) i%@fcggg%i‘ﬁ%%ﬁ?g&?ﬁﬁ?@ %’@(ﬁ?ﬂ rélte'(}]liv?%ﬁ#l?lgﬁt?@a vas
NG A L
R RRLs BB 1 Bt anteREalnl R ERL IR sS85 ohtay
e Bl B RGToBE S tpRTBRLY S nei it bedREhap dattne
B AR Rt s
gﬁ‘ﬁ*?géﬁt%ﬁg@%}gﬂ?&nn%sﬂﬁfﬁ%%%% SRR, (AoR S Asing the
L 81y o TR O BB
GRNERNIEALLAROTiGLRE WRY 8008l td 4p@odmgi) utien 4 ahbws the

glucide concentration in the hydrogen fernentation

tadikelafiBl GRAGEEN I Bid AifnBér & GRRKC ofiCtdmdRs8dh Cand the
acid, butyric acid, and lactic acid) in each period.

Ty drogkH bt &b dnhaioxifie covdengaione inreiié dtmegntatvhdzas in
be maintained snoothly when the nateri al

chec ebbratmentioned heydtapeinl dermehetionl.  Z@bld i shows the
hel d appropriately in the hydrogen fernentation tank.

28ucide concentration of the material liquid, dilution ratio, glucide
concentration in the hydrogen fermentation tank, and concentrations of
organic acids (acetic acid, butyric acid, and lactic acid) in each period.
This elucidated that the hydrogen fermentation could be maintained

smoothly when the material concentration in the supplied material

liquid was held appropriately in the hydrogen fermentation tank.
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[0052] Table 3 G ucide ducide Oganic acid
concentration Dilution concentration concentration in

(ng/L)

Days of in

mat eri al

fernentation liquid (1/d) fernentation (ng/L)

tank Acetic Butyric Lactic

11340 0.7 3050 2439 2904 64

16052 ablg

ratio in fernentation tank

(mg/ L) acid acid acid 1

2 11340 0.7 3470 1950

40 0.7 3390 1913 2043 0 4 11340 0.7 3110
5 11340 0.7 3590 1658 1610 0 6 11340 0.7

060 1674 1516 44 7 P4890 O] 35060 1287 118A8hhcid®
34890 0. 35| 44%1cde92 11960 41D6,,Q,34BI0| 0. 35 A55R3R5E
38?%3}, ég ton@UBYENQ| Bdutarp 3229 6997 93%1, 34%%%
0 P6UBMTBHE 5p88tiol2] 348 Pgd) 68 ) ;L?)
9) 5‘2%%@3] Thitgiid hydf ogiéd) f er rren at —%aﬁ—be% T Tac
rai nt ai ned| sneeEhly when a sub arrg‘ cp 8eé¥?tr tiyph | tgete
gl uci de copcentrationlin parficl ‘ ol | acl acid
f er meht ati pn_t1dAk0i s Lisel7 as| an BQ@ex. a@é3%\ med8fi al 64
iquid is supplldédl such Ghat| t hi 3470ndex| i1§5ad] wsiPed|sol
as tgyfall|wthsmpa favarable rasmgpe.  Speaeidicaly, 0
when [ he g uci dg4§oNCENTgATTON 18§ fohe T EN@ERT|€q 7L ayi dg
AUl 1 DA A e o J o U
i _S_ppgﬁ:ég%ed .Yﬁ erl hr Q%%’O\I walks E1§74 \/Jéilgr 44
nd bf ead bake¥$%ast s0-3Pack i c 299 haftlds] alrlé‘flmq 852
r emarkabl y 34890 0.35 4470 2792 | 1960 | 4106
9 34890 0.35 4550 3258 3861 4500
10 34890 0.35 5170 3229 6997 | 4991
11 34890 0.35 6850 2696 7826 | 5488
12 34890 0.35 6640 2382 0136 | 5824

[0053] Thus, hydrogen fermentation can be maintained smoothly when
a substrate concentration, a glucide concentration in particular, in a
fermentation tank is used as an index, and a material liquid is supplied
such that this index is adjusted so as to fall within a favorable range.
Specifically, when the glucide concentration in the fermented liquid in
the fermentation tank is kept at 4000 mg/L or lower in the case of
hydrogen-fermenting microorganisms based on beer brewery waste
water and bread bakery wastes, lactic acid bacteria groups remarkably
inhibiting the hydrogen-fermenting microorganisms can be restrained
from predominantly increasing, whereby the hydrogen fermentation can
be maintained smoothly.

[0054] Example 5

While controlling the material liquid supply rate in conformity to
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i nhi biting the hydrogen-fernmenting m croorgani sns can
be restrained from predom nantly increasing, whereby
the hydrogen fernmentation can be naintai ned snoothly.
[0054] Exanple 5 15 Wiile controlling the materia
liquid supply rate in conformty to 27 changes in the
gl uci de concentration in the fernentation materi al
liquid and keeping the glucide congentration at 300
i & &

nghangas innderglaciisepongantiiainmin exmentafyn seatgrial ?iquid

fernmentation was peyfornmed under a nditjion of pH

eand tksepng dhe sglucidgyeeneqrtatiqn a&&@h n B the ydrogen

fermentati on s jnitially,. performed for abqut 1. nonth
arenielinnianks U YN JaTaehEtGRVEY BeipHPad; pader a

RGP STae dorfb Ot ar b ehaS0 T67 10 JRGFLIGALD: 1 S9gRuous
L FAERR1 B SR e R E R  e ame
L5 L SHE G et Vel £ g i o
BRI b RE Frpse PR Hlubite' Gty RIEVBRILID g/l o
AL trﬁ%{l?)oﬁgeiﬁaggg% iaﬁdY‘@é]gﬁdarl%se Xﬁ&is%’x% a beer brewery

concen onti-nuous ogen rternentation 1 n

VISR B Ak ihl Sided ¢S %@Eﬁi{s e di@ﬁ)&g?ﬁfs% !CSH(f‘irg(rﬂ?oﬁ th the

keep a constant glucide concentration in

f FWalgl k or. i

| RMASGRNRRTK RS OTEONIS, A IKEIIEARAY by
Cé’dﬂihg%'éftofsé ra'i’i?”étﬁ%d}f’fb e 'Beéf’?%é\% ArdstawaileS HPRAMerial
rate, “a yal ue o about 7500 ny L/ day was obt al negl as
ngungisu?ﬂ ORhecH BHERE | BAk &GP Estds WerdSkdipended thi Water at

ntation system This”value was used for 20
de4g6ns BbAGerfr APoHY, onYidlueess 18/droBé e fedhehtativhdinsWidly the

rate in expression (3b). Since the glucide

chgerhtsupplyoraten wike doatmatiridatd oss ttankesy@sa constant glucide
concentration in the fermentation tank was performed. In the
fermentation of about 1 month carried out before performing the
continuous fermentation with controlled liquid supply rate, a value of
about 7500 mg/L/day was obtained as the glucide consumption capacity
(-dS/dt)c of this fermentation system. This value was used for
determining a control value for material liquid supply rate in expression
(3b). Since the glucide concentration in the fermentation tank was
required to be about 4000 mg/L. or less in order to keep hydrogen
fermentation as evidenced by Examples 3 and 4, the control glucide
concentration S in the fermentation tank was set to 3000 mg/L. Using

these values and the supplied material liquid glhucide concentration, a

control index value for the rate at which the material liquid was supplied
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required to be about 4000 ng/L or less in order to

keep hydrogen fernentation as evidenced by Exanples 3
and 4, the control glucide concentration S in the
fermentation tank was set to 3000 ng/L. Using 25 these
val ues and the supplied material liquid glucide
concentration, a control index value for the rate at

whi ch the materi al liquid was supplied 28 to_the
ftertmenfeamentatiom Kankhsvesicaloudated by expsessien &ﬁbbsbifable 4
Table 4 shows control index values for materia
Ishgtnsdcgnivel dedesoivebnsr &ui maseriall hquieghicdde géwcentratlons

fermentation th the controll ed mat al liqu
énﬁbpﬁlydrr@g@nmfd@ﬁn@nmwsw@rfrh@rﬁcmtm}ie tejak bﬂH@dswpply

da s for.,a material 5 liquid, a
|W§U§¥@J%&{3ﬂ€ﬁ%@t@8 NeSe PE rmea fddays dor a material
ows the wval.ues ;a

ioguf% ! @ | @g:%rg?%%rac%éﬁpfleﬂﬁwg SPHEhRAC T raterigh kGRS with
T. [ I v
éﬁffsf‘ﬁcr%? SondensRtieSuar Tans of Bab%R fn $aBisS, 6 SRt ¢ davs
%2% : sifotiferir ol deidl S08e i AT rsleote
& a{% ‘Fajﬂ%% g agid, S SenBlaBtRER! i SERde 88{5%5
G A O
(Ea (? [ 30 onqig/o ?ﬂg?ﬂfgere %ﬁéré t' Bf‘%(ﬁ%&%ﬁl ?neratlon was
%'ubk’fa %llﬁr% Qktighalud QR érﬁoﬁﬁ@%%ﬁﬁblﬂ@%oﬂ@hfn ol dThis

tion ratio fernentat ener at ed anount

%Bow@@tgl'a% r}éelfﬁf?rdgje/ndferﬁl%ﬂlfat{dﬂ-%ag 'ﬂi&l‘lﬁﬁneé BBl dathly.

consume
[0055] Table 4

Amount of
. Glucide hydrogen
Glucnde. Cpntrol Actual | concentration | Amount of ggnera%ed
concentration index o . .
in material dilution . Days oi;' dxlu‘Elon in hydrogen per unit
liquid ratio ermentation ratio fermentation | generated amoun}t of
(1/d) tank (mL) glucide
(mg/L) (1/9) {mg/L) consumed
(ml./mg)
11160 (.92 3 0.90 2689 1410 0.20
11160 (.92 4 0.90 3038 1366 0.18
8820 1.29 3 1.21 3120 1269 0.19
8820 1.29 4 1.21 3314 1328 0.20
10560 0.99 3 0.95 2823 1259 0.17
10560 (.99 4 0.95 2771 1366 0.19
22360 (.39 3 0.37 2984 1479 0.21
22360 0.39 4 0.37 3136 1383 0.19
38280 0.21 3 0.20 3359 1410 0.21
38280 0.21 4 0.20 3549 1527 0.21

[0056] (Effectiveness of Hop and Hop Component)

Example 6

After 20 g of glucose (made by Wako Pure Chemical Industries), 3 g of
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11160 0.92 3 0.90 2689 1410 0.20 11160 0.92 4 0.90

3038 1366 0.18 8820 1.29 3 1.21 3120 1269 0.19 8820
1.29 4 1.21 3314 1328 0.20 10560 0.99 3 0.95 2823

1259 0.17 10560 0.99 4 0.95 2771 1366 0.19 22360

0.39 3 0.37 2984 1479 0.21 22360 0.39 4 0.37 3136

1383 0.19 38280 0.21 3 0.20 3359 1410 0.21 38280

0.21 4 0.20 3549 1527 0.21 15 [0056] Ef f ecti
gfcasbpxtinet (medc:b&p@&%@@) éx% IREpEOS dedvsg\fﬁ%%) 3g

ot Trals et @RideO) PRAGDopne & lf%eﬁéééietgéaq%qéellets
o198 oemgstier 8 g?f’cﬁtas"ﬁl)%@%xete@i‘s‘é% figp ¥ of ap water,

TGus oDipd ol e & Jeﬂeﬁr;ovétég@ﬁ@ﬁab@aéw&?%gﬁ% for
@ﬁ%ﬁitﬁ?ﬁé%ﬁ?@%?é? HiigaGReY %f,sair 531% “Whs“prepared.
%Séeﬁfﬂ“en e f%r‘férf‘:\‘ﬂéal‘%%ﬁ%? il e BAayich the
FPhe RO b1 TR B g B PubAaRel Themdces gp ipgoutum,

BHGR PGl AoAESetes SR Bt BT R oy coch
%9 a e%ﬁﬁt %ﬁeﬁ’fgﬁngﬁfﬁ%mgéfggﬂﬁds%&ﬁ'Wésh@ogﬁio%gd of about

P on sEessI ons ydr ogen proddction was

0 el AGERIT, AR SN G b
FRANGRBIIRT Sesiibis, Whetdly hRatssed 9ro@IétEdd Aas maintained.
When compositions of organic acids generated at that time were
analyzed, no great changes were seen in eight batch fermentation
sessions (Table 5). Though the glucide concentration in the fermented
liquid was high, contaminant microorganism groups did not increase in
the hydrogen fermentation, whereby the hydrogen fermentation was not
obstructed. This elucidated that, unlike Comparative Example 1, the
addition of the hop component inhibited activities of microorganism
groups having adverse affects of suppressing the growth or hydrogen

generation of hydrogen-fermenting microorganisms, but did not obstruct

activities of the hydrogen-fermenting microorganisms.
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sessions (Table 5). Though the gl ucide concentration
in the fernented 15 liquid was high, contam nant

m croorgani sm groups did not increase in the hydrogen
fermentation, whereby the hydrogen fernmentation was
not obstructed. This elucidated that, unlike
Conparative Exanple 1, the addition of the hop
conmponent inhibited activities of m croorgani sm
d060ds Tehledg adverse affects of suppressing the

rOW T OT Ny UTBHRTE 20 gﬂggﬁE L&A cBhcentration
hydr ogen-f ef nen cro rag%pfmmml&#ht di d not
yah n

X {:oncel il
CLIVILIEeS O

obBlumbet of a ahy f the -fernmenting

MG emagads $1E. [ 0054—Fabi : i r gani ¢ aci d
concentr at i Jggmﬁﬁﬂ‘?ﬁ‘g? 0SB Cle REREE |or-25K¢

fer mentati op {@efkent ar i aHd af t a¢id( 14t o ment at i on

Aceti @ Butyrlic Fadtic | (HdBL) id 2 7528
1843 2363 80 47X267 236362532 6326 lunafal yzed 2040
538 F16 7| 93umaRP4P [264@00 | 82338an@l ized 175 2708

75 {§058] :ﬁangﬁﬁ} 7 |n;ezg49rn|engﬁcg T qupd oF Exanple 6

CUTrTTotTEu cll | 1 S U Cl{IIc
ng?opvan Br vv}ér?a‘l}aw‘?: bmilt,)?',ﬁ A“.Z?U‘ygti ea—EBE-4th ed., p.
E137, 1987) was neasured. The bitterness was about 13.
This elucidated that the hop conponent i nhibited
@058t Efangsle™ croor gani sm groups suppressing the
growt h or hydrogen generation of hydrogen- fernenting
Fﬂt;hé ofergenteddicatid aobBxaerplesé wearcollbctdsljtantl dtsnbttterness
obstruct
(defined by European Brewery Convention, Analytica-EBC 4th ed., p.

D

=

E137, 1987) was measured. The bitterness was about 13. This
elucidated that the hop component inhibited activities of microorganism
groups suppressing the growth or hydrogen generation of hydrogen-
fermenting microorganisms at a bitterness near 13, but did not obstruct
the activities of the hydrogen-fermenting microorganisms.

[0059] Example 8

A hop component was added to the culture system of Example 4 having
drastically reduced the amount of hydrogen generation, so as to restore
its hydrogen generation.

[0060] Specifically, a material liquid having reduced the glucide
concentration of the supply liquid was initially supplied to the culture
system of Example 4 from day 13, and an operation was performed for
3 days (days 13 to 15). However, this operation did not restore the
hydrogen fermentation, whereby the amount of hydrogen gas generation

did not recover. Therefore, on day 16, hop pellets (Hop Pellets Type
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10 the activities of the hydrogen-fernenting

m croorgani sns. [ 0059] Exanple 8 A hop conponent was

added to the culture system of Exanple 4 having

drastically reduced the anount of hydrogen generation,

So as to restore its hydrogen generation. 15 [0060]

Specifically, a material |iquid having reduced the

glucide concentration of the supply liquid was

|90 mhaufaceupdibe Botanixhevers addasl 1 fhe g@ﬁrmntmaﬁﬁﬂﬁk@nd

fromday 13, and an operation was perforned fo ﬁ
u@@iyélqmd by 1 8)perHolwerfethe @Hﬁ@ntﬂ%h@ﬂﬂdon ¢ hydrogen

unt

qﬁrqqlga@n@gemd@lage@ ariendenohtoIECoVer ABt arye‘?g%a thereatter, and

restore the _hydrogen fernentation,
Ther ef or e, da Pel.l .
Taboestaris H ik LYt Bok Ss P AGHEN e EBet Rericentration

SR e L3020l o AhssuRe Xl A oG ot

(e gieraicd BN GG éeéﬁn‘ivéﬁﬁ{rb%ﬁ%wsﬁgﬁhmvﬂ fthe

b F P kGt FUSERLA DT AL Sy Uil
t%be 9‘2{3@ ; Easﬁqaﬁ%cz ?WE g fp%?fe?igi @%ﬁﬁﬁ;aﬁz Yrogpr 1
gﬁ@ge% ra 'thE}}ﬁﬁ C?L‘gﬁ i HoaLélLﬂl 11? ¥11a1 %oncglne e g%?mm
SR, saoresghe! P&&Fm Sy ghﬁ&%u%tﬁt by aJd%ﬁgem

CI‘O rgani sm suppressin

gfe%‘?’fe?ltﬁgﬂ%?&r%%rﬂ%ﬂgr Ao @ nQﬁ/ délf&ﬁﬂ:’t E@t’iﬁﬁi@s' @)@" the

croor not obstruct activities

]Q%@ %ﬁgg ng aQi sns. [0061] Table 6
@(ﬂﬂ Héfe ucl ﬁtngr g}aérﬁog 1 concentration in
Cﬁm?ﬂ']t"fﬁﬁb@ Dilution concentrati on fernentation tank

Glucide Glucide Organic acid concentration in
concentration | Dilution | concentration fermentation tank
Period in material ratio in fermentation (mg/L)
liquid (1/d) tank Acetic | Butyric | Lactic
(mg/L) {mg/L) acid acid acid
13 17010 0.55 unanalyzed 1089 4028 3393
14 170190 0.55 4468 1310 3330 3055
15 17010 0.55 unanalyzed 1490 3768 3459
16 17010 0.55 3959 1614 3794 2706
17 17010 0.55 unanalyzed 1445 3393 1975
18 17010 0.55 8926 1446 3514 936
19 17010 0.55 unanalyzed 1522 3307 175
20 17010 0.55 unanalyzed 2154 3345 92
21 17010 0.53 unanalyzed 2679 3122 72

[0062] Example 9

For various hop components, effects of smoothly maintaining hydrogen
fermentation were investigated.

[0063] After 35 g of glucose (special grade reagent made by Wako Pure

Chemical Industries), 3 g of yeast extract (made by DIFCO), 5 g of
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Period in material ratio in fernentation (ng/L) liquid
(1/d) tank Acetic Butyric Lactic (ng/L) (ng/L) acid
acid acid 13 17010 0.55 unanal yzed 1089 4028 3393 14
17010 0.55 4468 1310 3330 3055 15 17010 0.55

unanal yzed 1490 3768 3459 16 17010 0.55 3959 1614

3794 2706 17 17010 0.55 unanal yzed 1445 3393 1975 18
17010 0.55 8926 1446 3514 936 19 17010 0.55

upeptahy {ethdeshp BEOZ0)78 g 20 mal rxtacs $madgray yUEGCO), and
2154 3345 92 21 17010 0. 55 unanal yzed 2679 3122 72

1% lpaste@e gxenips of bopaonpenants shewncierpatent were dissolved
effects of snoothly maintaining hydrogen ferneq{ation
vier d ilnwdstapyavater, flonesssulingepolyion gfasysubissted to steam
(speci al, grade reagent nmade by Wako Pure, Chem cal

| steubeatien)at 325°Grfafehd miniieacvheraln: Bympniaton matgrial
of 3 e ne (made by DI : of |t extract .
(hﬁ@@%ﬁ t) F@@fé PESRATC At ﬁg@e %ﬁi}@? band; Eamgntgiipn material
conmponents shown.in . Table 7 were dissolyved in 1 L of
{HRUIRRCoMas B dB he! Yige SRS 4Bt Sl e i pgmponent
steam, sterilization at 121C for 15 m nutes, whereby
fWAeAdssi on material 5 liquids A to F were prepared.

m}@t&&ﬁ Jlatlﬂer7 hand, fernentation material |iquid G was
iln'#%& ‘same manner except that no _hop conponent

Wesmaddddn | [ 0064] Table 7 Fernent at i[gnqoértrt)unt Bitterness of
Bi th&emgss| of Hop component fermented material
.. added -
liquid liquid
Hop pellets -
A (Pellets Type 90 made by Botanix) lg 13
Hop extract
B (EX made by Kalsec) 3-8 12
Isomerized hop pellets
C (Isomerised Hop Pellets made by 0.5¢g 11
Botanix)
Tetrahop
D (Tetralone made by Kalsec) 180uL i
Hop a-acid
E (Isohop made by Botanix) S0uL 12
Hop B-acid i
F (Beta Stab 10A made by Beta Tec) 10uL
G No addition - 0

[0065] Next, each of the fermentation material liquids A to G was
inoculated with the same culture liquid as that of Example 1 as an
inoculum, and batch fermentation was repeated four times for 24 hours
each. Though the hydrogen production decreased while lactic acid
increased in the sample to which no hop component was added, about
400 ml of hydrogen and about 350 ml of carbon dioxide were attained

in all the batch fermentation sessions in the samples to which hop
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mat eri al Hop conponent added fernmented materi al

[iquid liquid Hop pellets 1~ A (Pellets Type 90 nmade
by Botani x) 1g B Hop extract 3.5g 12 (EX nade by

Kal sec) g Isonerized hop pellets C (lsonerised Hop

Pell ets made by 0.5g 11 Botanix) Tetrahop D

(Tetral one made by Kal sec) 180L 11 E Hop a-acid 50 L

12 (1 sohop made by Botanix) F Hop 3-acid 10 L - (Beta
Staimpbhsntsadereyddat withee) lo@eNagabidilyidsegen praduction (Fig.
[0065] Next, each of the fermentation material |iquids
AT}.0 Gaolas acidalid ratehongase hany afetheusamptes tquhichshop
that of Exanple 1 as an inoculum _and b%ECh

f epmponanisovermedded §helle §)our [hisrlycidgtethaograept for the

each. Though .t he hydrogen production decreased, while
| et ecktiekhibioig aiedDitieraers, sdhpdaouat v@f @ddifdom opf hop

component s added, about 400 m of .hydrogen and.

- BOBPOBSDLsDYoR artwﬁswfxi]lge Ofe@iE ALt éfm‘g&egi ﬁc%w%es of
the batch fermentatjon sessions j theﬁsa IeSt(r%b h
WRHLEFPORBANISEB g RYI0g SHALEE S\ 3B R Growt

e SRS RIS 8P P Sl on! o
did not obstruct activities of the hydrogen-fermenting microorganisms.
At an amount of addition of 10 uL per I L of fermented liquid, the beta
acid was found to inhibit activities of microorganism groups having
adverse affects of suppressing the growth or hydrogen generation of
hydrogen-fermenting microorganisms, but did not obstruct activities of
the hydrogen-fermenting microorganisms

[0066] Table 8

Glucide Organic acid concentration
. concentration after fermentation
Fermentation
material liquid after (mg/L)
fermentation | Acetic | Butyric | Lactic
(mg/L) acid acid acid
A 16423 2390 3353 273
B 15916 2321 4613 149
C 15746 2376 4854 170
D 12491 2317 5172 109
E 14211 2005 4793 91
F 15546 2069 4409 61
G 17359 3515 4590 2191

[0067] Example 10
It was also found that subjecting a fermented liquid after hydrogen
fermentation of a biomass material having a hop or hop component

added thereto or contained therein to methane fermentation caused by a

34



10

15

20

25

conmponents were added (Table 8). This el ucidated that,
except for the beta acid exhibiting no bitterness, an
anmount of addition of hop 5 conponents by a bitterness

of 10 or greater inhibited activities of

m cr oor gani sm groups havi ng adverse affects of
suppressing the growmh or hydrogen generation of

hydr ogen-fernmenting m croorganisns, but  did not
obethart-ferménting esicoporgasihy dmgetily anauriaineg the methane
m croorgani snms. = At _an anount of addition of 10 L per
1farmemtateemeniléds wijdesshawie beta 10 acid was found to
inhibit activities of mcroorganjsm gr.oup _nging
adi&eThef brdeogsn Joppesiasiong efhecrr s W%é@ i dydrogen
eneration of hydrogen-fernmentin 1 Croor gani sgs,, but
gfeurmﬂﬁtam@t mﬁéel}galctngnt@ﬁrg%g oROPt %@ﬂ]ets was® supplied to the

piedaniisi SHFETR L OB FBr T BIFH HE HESORenofe mentation
coneert Lation, &t er, e et ot on et el 4Ly rogen
IOV R AT R R .
SR, SR 0 S S RS R hon
ﬁl Y %g%?gnﬁ&%%ngs ul%ji&%&é‘a%ﬁng?rafﬁ%{mi? dvhd idaalifiher the
methane fermentation was maintained smoothly or not.

[0069] First, the fermentation effluent in which hydrogen fermentation
progressed normally without no hop component added thereto in
Example 4 was subjected to methane fermentation under a condition of
pH 7.0 to 7.5 at 37°C. Namely, using the effluents on days 5 and 6 of
hydrogen fermentation in Example 4 as a hydrogen fermentation
effluent (methane fermentation material liquid), the methane
fermentation was performed. When supplying the material liquid to
the methane fermentation, the dilution ratio was 0.43/d. Fig. § shows
thus obtained results (days 5’ and 6’ in Fig. 8).

[0070] Thereafter, the hydrogen fermentation effluent after performing
the hydrogen fermentation using the fermentation material liquid A of
Example 8 (having hop pellets added thereto) was subjected to methane
fermentation. Namely, using the effluents on days 16 to 21 of
hydrogen fermentation in Example 8 as a hydrogen fermentation

effluent (i.e., methane fermentation material liquid), the methane

fermentation was performed. When supplying the material liquid to
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fermentation of a biomass material having a hop or hop
conponent added thereto or contained thereinto
net hane fernentation caused by a 34
met hane-fernmenti ng m croorgani sm snoot hl y mai nt ai ned
the nethane fernmentation. This will be shown. [0068]
The hydrogen fernentation effluent in which the
hydrogen fermentation material containin ellets

vie meppneetermenthgon Stifeedhetiontratin \ggsﬂeéigﬁ ﬁgnﬁl shows
1 in which the hydrogen fernentation was contan1nated
vithuls aliteinedriganits fdaysnhé mnd Al inh&igh$dr ogen
fernmentation and thus |owered the g%drogen produc%i%
s [t Asremwran Fig Bydiogesthaae esmgnialion waysed by the
subjecte to methane fernmentatio

-TQMAIHING JNHIEPERAGHR § Ibléﬁid 1oy a@agrmék%dn the

whet her the 10 met hane fernent ti on.was. nmai
sHROURL pignetipne geomwalion $ep, wWhes VS adhe ailyants Obtained

G S e e
T TR B LR s
RS e 245 B9 e B irogpmegioms
RTINS FORIAERE GHotad oot rrmeate B Bhpelf after
dhrgorbitg Bcko G tehepldti S UEC RIGRAST ke Heltne o

.I.lﬁ(zﬂr)‘e ﬁo@d@gtﬁﬁgnﬁﬁtndgd@ed { ré:‘ﬂogor aﬁf%d[t?]ggé}h is spbjected to

rogen ernen 1 on eftluent

gen fernentatlon using the
P&%H@%?g$?6%&§§P%%|JF l[iquid A of Exanple 8 (having
hop pell ets added thereto) was subjected to nethane
fermentation. Nanely, using the effluents on days 16
to 21 of hydrogen fernentation in Exanple 8 as a
hydr ogen fernentation
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25 effluent (i.e., nmethane fernmentation nmateri al
liquid), the nethane fernentation was perforned. Wen
supplying the material liquid to 35 the nethane
fernmentation, the dilution ratio was 0.40/d. Fig. 8
shows thus obtained results (days 16" and 21' in Fig.
8). [0071] As shown in Fig. 8, the nethane
fermentation caused by the nethane-fernenting
m cr oor gani sm exhi bi ted n€ladRMESmlity in the 5
amount of nethane generation even when ysing th ..
ef f1 uents obt Aipfedugtiprm o hg)gaseﬁwy@xe comprising
fermentati on by the hydrogen fernentation, na rhgls
cBIR o0 ryf ESPEpEME t DiTEes ALK | COP@asedl ohdydiogen by
tation_.caused.b t.hane-fer ment

met hane.fer in
np@gfg&mg%i rogeN s FIGRTTRioR MBS cAddiNg, fpggP or hop
fermented, i quj.d obtained after, 10 per.f ormi ng hydrogen

f EOTERNRTE o A ARE I ProRbt Bl f R iTihg R Bba SRR so
hop conponent, added t hereto or. contained ther.ein i;s

o8, GorBa0E B! o S utAT R o s AhRT M B Firds ttrogen
A production. net hod.of. a bi ogas,.,.the nethod ¢ riSi
eBhSatDh AR Sretind 3 3BVt BF) SRR SEE G ben-
hydrogen by . perforni hydrogen fermentati on while
aﬁgpﬁgﬁguﬁ%ﬂc6¥Hﬁg%ﬁhggcozpongnt toaliquid to be
processed containing an organic matter so as to

i nactivate a contam nant m croorgani smi nhibiting

hydrogen generation wi thout affecting a growth or
activity of a hydrogen- fernmenting m croorgani sm 37
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