DESCRI PTI ON PROCESS FOR PRODUCTI ON OF MONOSACCHARI DE Technical Field

[ 0001] The present invention relates to a nethod of producing a
nonosacchari de, especially a nethod of producing a nonosaccharide froma
| ignocel lulosic raw material. Bapkgreyppiomt [0002] Wth the recent rise
in the awareness of the environnment, studies on effective utilization of
bi omass are actively carried out. Sacchari des obtained by degradati on of
pol ysacchari des i i Wi roducti on of
vari ous usef ul su@%@gﬁggéﬁgégﬁggégﬁzgﬁ?gnggggﬁb#éég?%%gﬁ% , ethanol, and
am no acids by using the saccharides as fernentati on substrates for

m croorgani sns. [0003] Lignocellulose containing |ignin, cellulose

obt ai nkghpygaldideidyvi ng 1ignin fromlignocellulose, and the |ike are

gener u j ; S I ' . ' el | e raw
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r esi dugsethud bf pdatingw naidsashazéde e dugnotothibgioaawahategdll ul ose from which
| i gnin has been conpletely renoved include cellul ose available as a

r eagerfbackaroynd &rtayi cel . Further, exanples of |ignocellulosic raw materials
from v ld-gni IV, i od kraft
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recovered frompaper pulp mlls. [.000¢ t hods f.or producin
o nos getnardaBei Bt S e at o ediston el RSN it
g]gal ys%ﬁﬁﬁﬂcjeg%&h}d@ IRIRIBRS isoBPHAACShA R, dnAUehy aglASShdih eisﬁéc%aﬁdl@, types

met hod. One of themis an acid saccharification method whereby
hydr olagdermentatiohfsalsirates hyr micnoargaragmsaici d, and the other is an enzymatic

saccharjfj.cati on net hod wherehy hydrplysis s effected by an.enzynme or a
o or od B SiePalerigriang Ryt CRlokE oBikay ERb Fite RguiF o7
sacchaidnbi&RldseNandBhH BRe ar® geREHNY Gadl aé HRRhAR 642 thaBtiaO MBXGRPIs@ft he
enzymati c -saccharification nethod, the acid saccharification nmethod still
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[ 0005]cohipléteigaetote ihtladeos lutat iavaifdeied fehganatuchras deidehd, Further,s known

that the high prices of the enzyne&, such ﬁs_c | l ul ase and hem cel | ul ase,
O

pr ohi sxemples of Hangecllglesic raw msteribekompylygh ligain fagbaer dempyd esgueiextst he

cost qﬁcmﬁ'@?ﬁa&mwgﬁg& %ﬂw%&%%rﬂ a}}),Qﬁ‘écih%caIE)glrp? gtelgi(feﬁ%aﬁ% physically

pretreat a Tignoce C raw materl as a su SO0 as to I nprove

t he sdediaeddsiplattisorh asédaoaf enstepdpesiaedaypapdér stidege emymmggiulp fibaser st ep,

t hereb re&gg&g& the a ua& of the enzyne to be used. Exanples of such a
trial TFYEE RENEYRREFeby a raw material is pretreated with an acid
(Japangecs)PatansdsBPpio8atih thdmBbdtcfis (Wilehberdas RERAGHAIAAbtratés,
pretreatment method whereby a raw material is crushed by a ball mll and

t her edfdane pokysashaitesiin hioanasansselr¢gararghly>dasi{izd 1ge 2yvo tyned odmsthedr eat ment

t hod. wher.eby .cel | fiber t.angl ed by beating treatment , (JP-A
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t er ns 424, hAPIRWING i fifeRPruiBbichireaitibe metlfod ibrdgthydedigsis & dfRtted@gi Si ve

for cost reduction. For exanple, in a case in which pulp fromwhich lignin
has bearenayme Py raerooranisn podjcdes Bd cpe™Meat i ng treatment, the effect in

terns of i Vi t he. fd C.r e i QR J | < -
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appl i eatjamidaschediati@oiaciod the aSieadchuofiédien pictiodesillnaairs adidbetcessi ng an
aci d. However, the main object thereof is to renove |lignin conponents from
| i gnodban ymstiod in xhickestaseh, apalassgy of theddin 1 vgd angiray mateiadc e Morgayier, an

separ at.i N kAN Bl j t t : : ugh
tho- day R ORCAPrBRns EQR Bopal S EE uBd Ehecs Apn BB, TR pr b
saccharadticalaiscon enzynmes, there has been no report on the enzymatic

reactivity in a case in which pretreatnent react.ion prqducts.agre.not

parti c[ﬁﬁ)%%ﬁl yog torthg engymsiic spgehar %&“r?ﬁﬁ’?‘?tﬁ%ﬁ“tlﬁgﬂ(ﬁg‘hgw @‘F’m RES 8hzy nes
dur i ngh%] YaURh L cdifssh 'aﬂ@h&r%ﬁ:@?ﬁ’ifase, grohibit EfRQV&de, al though a nethod
in which the enzynme 1's recovered after saccharification reaction and
reutilized Hekasiheemtriedsisdmiethodfderdeang thetdostrof tisdenzemehecdtfost , adher ence
of the enzyne to solid residues of unﬂegraded substrates hinders the
recovery, and stable enzyne recovery has not been successfully carried
out. [0007] For exanple, nethods of recovering an enzyne by adsorption and

reusing the same, which utilize adsorption of the enzyme onto undegraded
substrate solid residues after a saccharification reaction, are known



[0008] Further, it has been tried to detach the enzynme fromthe residues
by el ectrization treatnent, and recover the enzyne (JP-A No. 2008-206484).
However, the operations involved in this nmethod are conplicated, and, even
it he,eta i ABatlBCRV G idalyH $Rea &AM drvr&Rh libBskeAUlosictri nidRéM0ds 8t 11 has a
problemin ternms of cost. Further, "a method of directly recovering an
enzymsubstrate seas tngmareadehsacchdrdwationrenetinn ¢fGnicneyyel Ge gaiymy Hm later step,

ultrafjltration nbr ane  h been tested. Furui chi t al..Qr es a
met hodGFOY IEB0RE Fig Irng AL TRyt ROl kg b b kset el arl iHE R, 0,
|i qui dnatBbd@haRby b kaaindidRtd motremeabwan en add @) dparse PaReEApslakiiag t he
saccharide |iquid usi n(?qa reverse osnosis nmenbrane (JP-A No. 58-198299).
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d e, and
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on systemunder a condition in i ch 96% by mass of the total
subst riathictspidpérohawhich éigniy lidsibaert highlyetmovédis stbjeeted tonbeahng treatsent, si nce
an increase of the residues caused by, for exa : rease in the
2y ahGER et (5T pEETIrg e AT SR featn S-S RN En due 1o the
st r uctigpe.1angeHhe operation of the apparatus, the anounts of the enzyne
and t he substrgtes are quite limted. In this study of the enzyne recovery

enpl oy DoRSImehemnthem; thedagesmumber dfsrepertryasappdicativat has deethwadihwglil p from
whi ch lignin h hj gh d. dy.,used as. bstrate, th
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to be solved by invention ] As described above, various techni ques

for priovsephratng thectvit anddieriy istequiredraticr herieptragpir oflthpughghe figaseq of

conponents _in |4 gRo | ul osi c. r . i [We

nom oo sl Wl s R LGRSl fRaBh SRyt Ih6e B beenme o
hi gh aegdrt o thehazpnzgd®activeguh aedsd iarwliéc pleatitineanichaivn modhctswee acononi cal
inefficiency, In order. to solve the prolf)[éemﬂg met hod g{ pretreati ng a
subst roarticulsly ssparated glienthe teeatncaton hebebansy akthg sammessdunge threnematitiay e
been t > y—%mever, the former nmethod produces only an insufficient
effectr,gi{tﬁgﬁfé ter method has a | ow enzynme recovery ratio, and, therefore,
t he pr obl emMiasova; althetiglibe ertlsal inechicllihe cproid Bneaivetedefteoav enzyme
recovery rafio, has been considered to be caused b sorptiaop of the
enzynéafﬁhﬁﬁhﬁﬂﬂﬂ’é‘d?%@a ag@ 5@#@%‘?@%@?’& EPéEe 3 01’%6\9%@%?‘9 rteﬁ%ceéﬁg 8%tion to
the SURRLEAlitBe Sidyideasblid ResRiu8Y 8MindeBralt EWiREratbRInD& WereOdvel))@n@NnZy me.
[ 0011] Therefore, an object of the presént invention is to provide a

met hodstable grzyuhegeayery msmos bemisasiedgfully oanrigd bitlgnocel | ul osi ¢ raw mat eri al
in a si e nner at | ow,cost by .allow ng reduction of ,the. anpunt of the
enzy e O0RAG For ke Pope BT e ThE e o Er T GoASPrite 2ht DGR TR Dlnet on
conpr i\§igsh bz QkbP¥bA Bf thelehkyrfie BRbLhOMe @hddd VEstEIO IR reEiBesagehar i de from
a lignocellulosic raw nmaterial conpri si bt ai ni ng a saccharified

S| Nng. 0
| i qui dracthasfipatpnireaniion. 4TE gn@we|(JH;M%q-é9r23ﬁ/3%tJBrAhl|0- ard08252ataPAaesef i cat i on

enzyne, vering PR Y: Ki T [ Qn I ]

saccgﬁ)rai&i‘ni‘t 818' H%@%g 361;91 JEH\ W rqg%t% ?\J{;ﬁ acgﬁgﬁ’% ‘gg?%%g%eﬁnéﬁeﬁt%ggggn c<131dsor bed
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raw material using the recovered saccharification en

e _ zynme. 2] The
bt oduGispd i odhamcsediant bod | 19900 Fnd ey e L TRY gt Mk B8rEersaw
mat erl %Jde{aélgggrt&v&%9 Kok tﬂ%lélugstfa%éjgotl?ﬁqggdﬁs feqﬂﬂl:cpfor ?&%Q@rg' Andlredielop:
pul p e TVed From a her baceous pl'ant, 'wast epaper, paper sludge, or any
m xt urtke bfaR0f As discussed above, opinion is divided on the usability of the substrate solid
residues after a saccharification reaction. Further, in a case in which the enzyme adsorbed
on the substrate solid residues is utilized as it is, the recovered activity varies between 67%

and 97%, and only the result of a single recovery is disclosed (JP-A No. 59-213396).
2



[ 3] The production nmethod as described in [1] or [2], wherein the ‘
lignocellulosic raw material is a pretreated raw material obtained by a
pretreatnment including a heating treatnent under an acidic condition

foll oxﬁdoéay MRUEF, ¥ Hag BEORied t¢ ddtadBe RAAGHE rb@NheRETIAs: Bscldarigstioned in
[ 3], erein a content of hemcellulose in the pretreated raw material is

50% bytraztreentoand neeavep theranaymp 6FPoAdN e RE0GZE648dat nawever[ e oatigsoduct i on

t hod d i bed. in [3] or [4], . i t ed
B o e e s S
mat er i @kried dud) thd RRIVAQHUHaE @ProBéd odl teams dE€66t.1 bRdthicn aanythedef difecfld] to

[5], wherein the lignocellulosic raw material is a pretreated raw materi al
obt ai rfeepvisting pe cReFRhBhECating|afarHgrifRaicarrdiRpAiguidaysiern Wirafiltration ()

obt ai Lad M oquiag o ' j 1 osi ¢
raw mar ot R OBRGGA, | P, (o Hpbiihos Biod oProck i A0 8

(b) aaiddtihy bRgchhgfic:dion Maicaon Hbuidivgingthnviltrifilaatidm@embraae) abdabera fi nal
concentration of fromQ.2% by nass to 12% by nass ating

the acioaretiaéing iy watherilaliavidging adeverse B Ifl%rné@edJ#’a% N kiR 06
hour s, aldver, the amount of e lﬁ%rﬁ'lgtré&gcreafﬁ £t (fi&?)shtﬂ%ﬁ%trééﬂlﬂ’oftar&%nﬁﬁ)’&ugat erial
0 0 8 at [ 71The

liquid so as to have a p rom3 t rom 20C to 80C.
pr oduaipemationet hatdlessibddsathebed in [6], wherein the mneral acid is

| furi id, h | or.J id, nitri [ . ph hor i id
conb 12008 1o MR LS F BT arb inree et s aaRY Riaels vltePisd o
[ 1] t Qedidles ARELEIBIOR NEE AVEELBth GAIERMhS @a\%cﬁalﬁﬁicgﬁ’éﬂ RUENE lfcgﬂd. tso (h):

(e) obtaining a mxture liquid of the saccharified |iquid and a
| i gnodsedated|wsiganmdiafaeéen miembzancnande euitindowscacdhatiflipation redvdioningetlnd | east

40 tinmeg. a tofal protein mass of e ctive.conponents of e

sacchdr Airos BB RehATrs & ReulR bR AR RAROTBOMBENE o8 Hom 20c (o
80C f Gbtafre@h theMeiitoR sy fled UMGEH SéondfionGa WHiEHEH% Bl mas betheltbigl dubsihat i ng,
solid-liquid separation of the mxture liquid into a saccharified liquid

and a i pagabaréfiadaviskin ghe tstentin Eeal Imthincasel sinpe@pipersaol B8 radeas t he

B N ) e T
reaction. due to the structure and the operation of the apparatus, the amounts of the enzyme
and the substrates are quite limited. In this study of the enzyme recovery employing
membrane filtration, it is suggested that, although pulp from which lignin has been highly
removed is already used as a substrate, the adsorption of an enzyme on the undegraded

residues still poses the largest problem, and reduction thereof is required.
SUMMARY OF INVENTION

Problem to be solved by invention

[0010] As described above, various techniques for producing saccharides by high-efficiency
hydrolysis of fiber components in lignocellulosic raw materials using cellulase or
hemicellulase have been developed. However, there still a problem in the high cost of the
enzymes required for saccharification, and the economical inefficiency. In order to solve the
problem, a method of pretreating a substrate and a method of recovering an enzyme and
reusing the same have been tested. However, the former method produces only an
insufficient effect, the latter method has a low enzyme recovery ratio, and, therefore, the
problem has not yet been solved. The problem of the low enzyme recovery ratio has been

considered to be caused by adsorption of the enzyme onto undegraded substrate residues.
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[ 9] The production nethod as described in any one of [1] to [7], wherein
the recovering conprises the followng (i) to (k): (i) term nating
a saccharification reaction under a condition in which the lignocellulosic
raw mehSkéRl, the AoRftioho & BB iNBHIcE 8 pfQbitdn (R ENhe @SR dMRE 1S at

| east 40 tines a total protein mass of enzyne active conponents of the
sacchamgymeat i on enzyne; (j) carrying out, after the term nating

of th ctd.on,. solid-.liqui,d separation of .the reactj Fauid.into a
acondpFficcRRRam et Uiy SRR AMRTE o PRGN MbRibd4e 2

sol i d senmpandatide BOE a lignocelluléHd ravegaeial Mo dilpleshpmeaittdwdogitacel | ul osi ¢
raw materi al as an enzyne-substrate conplex. [10] The production nethod
as degdlompegiredncticg)ofdhe aopunt\pi drecingympasede- saccharification is carried out
by addi ng a saccharification enzyme of an enzyme active conponent

- separated to a liquid side in the solid-liquid separation. '[11] The

pr oduaile&ts foridiadde dg steblem bed in [10], wherein the saccharification
enzyme of the enzyne actjve conponent separated to the liquid side in the
sol i d-IPPRAi dlheapesent invshtioRcruwesePhg fRlcydngase. [12] The producti on

met hogps deggrhadeifdufinedr MIBEE BB SAGEARSSL LA m@rignzyme of an
enzynglgctid%ﬁ%%ﬁ%gﬁgﬁ¥b§%§%fg%§%a%o a ??qﬁidﬂg§deﬁ{s t he enz?he active
conponeniprisgar ated to the saccharified liquid side in the solid-liquid

separ ati on, i.ch is recovered. by filtration or rification. usi a

Feorne Ol aPlumige pratheshonad hbtned i e et df o

[12]., whehakRaid&nspaeharification enzyme is at |east one selected from

the group consisting of cellulase and hemi cel | ul ase. [14L The production
1

met hod as desaviebegthersa¢ch3iificativarenzyme lroncide sadcharaligddliqund by aNewsingithe ur e
havi ng respective activitie f .en .ucanase,. cel | obi ohydrat ase, and
pool ucataaGaon gt abo g thed B ALERBAIDG g 6t PSR AT 13 o 1)
wher ei n t he hela6RlAgIhe $i8nbd&llalbsRIVaW Battiiltuding thenco@réEsRedification

activities of xylanase, Xxylosidase, nmannanase, pectinase, gal actosi dase,
gl ucurcvay®ase and ar abi nof uranosi dase. BRI EF DESCRI PTI ON OF DRAW NGS

| ucuranydase nosi dase DESCRI PTI ON CF DRAW NG
roact 13hs o 5 BrdieARERRRAASBRAET [0, o bR R RAGHERN) Lo 00

exanplig¢ haidwiobe kpifesgplsoftvest kiafnpulpndechahicghndg puly dsived fiaw ahédadealis t hat
has not been subjected to the pretreatnent, Figure 2 is a graph
showi MiaHewailerapes Parsp el 0§ aBY FUXTVFS BgkePbn reactions according to an

exa”p'gﬂ gf iR POAREDE nfe %]%idggbriqe@ aep@g% [AMWRAEH B lIEERLALBE R

adsor n on pretreate I gnoce ic raw material 1s enployed.

Fi gur en@eiia iaa gremghted hominnageriag sbiatred by agpretechoroentancluding hdedimgi tocatmentt f or
cat al yst duriq@ re ategﬂgac Qﬁrifgﬁatlon reactions according to an
exanpl g a1 3rLdIE ceugien {ohloxe by peuifzgiy an enzyne recovered by

adsor g on iR RUEA method as defdrlbll $u (811 FhéeiDlAdRMAtenDOMRAG SRS RS
repeated saccharification in a case in which an unadsorbed enzyne active

conpomeeiests] muppitead is80%rhyi masstop lesn obthahpifereghe pigtreggmesent i nventi on,

and a se ich the unadsorb enzynme Acti-ye co t ,i1.S,.not .supplied.
A e dSE°T e tods o B S R arred BT 1S BRIt b R BherRR, ' £
cat al \alv HIMEHANGs [BASAhEE of 366 bak il @add dfhd ﬁx@ﬁé&t&ﬂﬁmﬁﬁﬁdi. ng to an
exanpl e of the present application, in which an enzyne recovered by using

adzérdﬁion alrh¢ preduistionenethpdeassicesyibgd in any one of [1] to [S], wherein the

lignocellulosic raw material is a pretreated raw material obtained by pretreatment including
the following (a) to (d):

(a) obtaining a raw material liquid in which a solid of the lignocellulosic raw material
has a concentration of from 8% by mass to 30% by mass;

(b) acidifying the raw material liquid with a mineral acid at a final concentration of
from 0.2% by mass to 12% by mass;

(c) incubating the acidified raw material liquid at from 80°C to 150°C for from 1 hour

to 6 hours; and



BEST EMBODI MENT FOR CARRYI NG QUT THE | NVENTI ON [ 0014] A nethod of
produci ng a nonosacchari de according to the present invention is a nethod
of producing a nmonosaccharide froma |ignocellulosic raw material

conpri si ng: (dy adjustin@ P4 M BcAbSRAECRBFAV ighrial Aiilid s0 RS &) MR afprost Rom
lignocel lulosic raw material and a saccharification enzyme;

r ecovef tonfyattthen 28 dcteadd’ €i cati on enzyme fromthe saccharified I|qU|d by

L w8, RGP IRG PPN RIS A P FaBCRSR RO e ERRERLLY) o'
and sageRahidrid &8, hiific htlarqﬂfcgblh&tcp@j@ of aMy bRhlhitadn tisleg the r ec over ed
saccharlflcatlon enzyme (hereinafter sonetines referred to as

"1 e- sd8t har i Fhequeduston msthoskas)desqribgd 5) amhend g Ehodr b vaferaim thegpeayering
i nvent hod for reducing the cost by enhancing the
recové#@ﬂyg 1%6 thggggﬁgﬁbflcatlon enzynme and repeatedly using the

saccharific q&) (ﬂnalﬁjmgwmxxu&a diqhiive thosuechdrifat lighkl mdzyiphocdhdesieriv adsor bed
on a substrate or an.undegraded substrate residue can be reused as it is
wi t houvater#lhaving asetid sprientapassdhatdhatepast #0 Bmeraftal protein mass A GpEIMY to the

prese ﬁﬂﬁ g&ﬂﬁg nzyme in the saccharified liquidis
recovg%gg@% é%ﬁg(g sor Q%ﬁ%%&%giégﬂogelluI05|c raw material, and the
recovered s@ﬂahaﬂmﬁngﬂkhmmugmhqmﬂaIﬁnnSEﬁCﬁoSﬁdbﬁmﬁmnfynamMBgnbbemkul05|c

raw material so as to obtain a osacga %@g Therefﬁ%

sacchar i fi c48) GRSt thofacyhadgg.colg-iaidsepiralipno ﬁﬁaﬂm‘amu#t i s
made Flﬁt%sal Qk@nah@ie& ‘ﬁﬂﬁﬁtaﬁﬁ'ayllg‘ﬁ%elidﬁ?aéﬁ%rﬁé{ehﬁl' £ALORI cEABYAR oANVHEH RS UI T
of this i's made possible to greatly reduce the anount of the enzyne
used ﬂmzwpcaﬂmboﬁgd&mdaccharlde and to produce a monosacchari de fron1a

|'i gnocel lulgsic raw materi al nanner oW CcosSt In the
noent ron. . {ReepbinE Bt deedlifete M A0 Poera e i s iRk | de

whi ch aipsdxst s of one saccharide unit. A nonosaccharide is included in the
monosaccharide in the invention as |ong as the nonosaccharide is glucose
or -any9bt herlhemnesistiemactivd asisesaribed it anyrang ofil firiedél. Whicepin herespvasngr i al

by usi i on.enzynme. In the invention, however, an
ohgos‘%%1 géﬁgg%ﬁﬂ“w%ggé&) )plural sugar units (from2 to about 100

saccharide i Itélﬁl)lnmg alacihaeisienion Badichamdbed ¢dndtbnlih qich ®ent ai ni ng

gener at ed nDnosaccharldes The scope of the term "process” as used
her ei AignAeslivdnsic fapt mefgTigl rgmging dn ap étnaw&é@wg asgtid a%t@ntamﬁs(s@és%att ¢rst
cannoty of e
expoct Saaf B Bt BOUE BDRfh oIk ERBbAIRNISRE ARBRAR oA AByhl:

addi tion, amgcwummgbﬁﬁhﬁﬁ@hgaﬂﬂnwmmgsﬁdnhemﬂmn uﬂﬂﬂgp&ia%amﬁbamfﬂmo a

range |ncIu the nunerical. val u s before nd aft as.the m ni num
o S 8 2 AEATEGER gl and an unreapied padlo i AT rRETR SAount | of
a conggﬂgeémhgﬁthﬁu be included in the conposition is indicated in the

i nvention en there are plural substances corresponding to the conponent
in the corrpéb) retavering te sepatiatedtlippoeatiisic mpanatetidles boearyreroubstraiefl t he

pl ur al ?stances present in the conposition, unless specifically stated
ot her\)a"’é“é’ *The invention will be described below. [0017] In the method of
produgqigg a THe pesReahRmeHR das @esibid i B] bh P PHeSGERithd RVAREN LT icaton is
saccharified |iquid obtained froma lignocellulosic raw material and a
sacchapirfadeat b ﬁddalngy wch@,nﬁ@é@n eman@t)f a gy Pa eetiiaoaponestseparaied o on t he
sacchaqlfl IdeﬁgtIS]lPF A% is obtained 7 froma lignocellulosic
raw matert af 8°%a 6ﬂ% ?? %lon enzynme. The saccharified liquid is

preferfabl y ahtatardtibympihodusidogridedrndshcdivalin de sacahifichticanaeghet of osi c
raw material using a saccharification enzynme (saccharification process).

In t héhw@ymtacm/@mqmm seRargicdup thedlicng sida i the sefid-ligud gepaagtivde used i n

t he praﬁ &pg or the saccharification process for obtaining a
saccharl Iq nay be i ncorporated as a process of the production

net hoqi2] 00 13k pifdtﬁxcimgmﬂmldlau ldesiribed & 8hat [9]) whertia abactmeficationt dneyipe esent

i nvention may be any bi omass ra terial avlng a lowlignin content. The
| ow | i9gAR RIEERE ttve Congpon éepa'lrw[%ea IP‘BWéF £ HAfC SEOTIRAHYS SOMRPRTR i s an
aver agepdrh @ dieQ cﬁaﬁﬁéa‘ 1iiQ RS B (RO TR Sara ] wiktotPik BBl ¥y 20% by
mass or [ ower, nor e erabl'y 10% by ‘mass” or 1 ower. e raw nateri al
haV|ngﬂaammmmﬂpwgﬁbﬂunnummgnramn preferably a fiber that contains cellul ose
and/or hem cellul ose as a major conpopient, and that is obtained by highly
renmoving lignin froma lignocellulosic material such as softwood,

har dwood, a | oggi ng resi due, construction waste wood, a pruning waste,
sawdust, kenaf, and an-agricultural waste such as rice straw or wheat
straw by using a chem cal pulp production nmethod such as al kali extraction



[0019] The lignocellulosic raw material that serves as a substrate in the
enzymati c saccharification nethod according to the present invention is
preferably a pretreated raw material obtained by pretreatnent including
heat i N@3t r eatHEgRbIULNER b daRIdbGibea Ml hhy o1k ﬁ_r[qq oYbsSEaueRin keut ral i zati on,
and is nore preferably a pretreated raw material obtained fromthe

pr et r sacshanficafonenizygyp draii¢ast ord selactas fem did grpumeanisisgng of esluldsg ant

cont erl}te. 'Béﬁuﬁa*ée pretreatnment of the lignocellulosic raw nmaterial,

adsorp OR 81%the enzynme onto the lignocellulosic raw nmaterial can be
accel gnat ed.The productiBy neftodRis es@edem| 1 3] Nehdreln g tePalasO B angigyman aci dic
condition and subsequent neutralization, henm cellulose in a biomss raw
mat er itaixtyrg hpwpg resperdiye agddtianef andoslueatse. selotieissHesehand felusoufasss

xyl osgqzqThe [ Lcel it -1 ' > ul osic
o 2l ar R AR ot lnehleg L ALl T of AR MR m A R

mat er ichlkzymy niik@rehayiErespdod vaha i isnif xy Dinbkes x $losidaps muemande, péctinaes, r at i o
of the subsequent recovery of ghe enzy by adsorption. [0020] The

pr etré’é%aéa)s}d&\?@»ﬁ&{"émnﬂasﬁﬁ‘@fgﬁ BP{ragsidasteni cel | ul ose content that is 50%
by 8 mass or |less of the hem cellul ose content before the pretreatnment. In
ot her words, the degree of the pretreatnent is preferably such that 50% by
mass or nore of the henBREFDEHERFPIAPONGRIDRAWHEGHSaded to sol ubl e

nonos rides or oligosaccharides. It is nore .preferable that the anount
oF " ortDOFE T T b b Tyl SPePsi B R BPSEICHOnS 804 i ted ©o
be 1% Py diocdi RIS Cfaw iaGteHhYadiBRn Ol aﬁﬁ%‘caﬂx}bﬁﬂﬂ@@é PrdeRBireh@oM, AR eri al .
By setting the hem cellul ose content to be 50% by mass or |ess of the

hem cellignoogleontasnmatsaflothet hds@opbesnrsubjcated to thelpectishpanitency of t he
treatment with a,saccharification,enzyne can be furiher inpproved.,. By

Suppr esi ng THIPE dras 280h shoyjiRk SRS AT kSR iy HalOf e R Eotaing

cont ard ﬂﬁ%ké}ﬂ%l\éﬁof hePréseaoingaition which Rf eSHRPSERUS e ERNZI¥BIPtGNn0ARCT | ON
process and the process of recovery of the enzyne by adsorption can be
suppr @sefeagtos; lignoce!ludosimiam watgtiplis gfpkaedng the yield in the

saccharificati I i qui i . r 3 i Q.

ol at, vel y TORTE3T  EpBanon it oSt Beh RAghaPRl e bodt ot By ot AR,
gener a¢paigioacdar Gbatdndeadtiogsiactotdiny acankRaapheefithe pickan inveadbmen tvhich

When the hem cel l ul gse content, is 50% by nmass or |ess of the hem cellul ose
cont e HEYIBE EcPKEed PB pdwsRtams emploved. ot necessary to conpletely renove
hem cel lul o 9 400 or

mor et her eof e R RUnqTERS 1ol TBY fpk-161 SR AcafUR £O6 B RAS

| i gnoambdswiriesl enzymwactitesroingloners islsupplied awiordingvrt B cxamphaefdhapmstitd cont ent

concentrat.ion of from 8% ss.to 30% by .mass, thereby obtaining a raw
ot or TEYCPYPRATg 2 carBbIch e BRSPS eaHe HANF bRl SRRt er i a1 1 s
quite |ow, tigrE 3% ABLBh !sﬁéwth Fekiutts bF a RERRRGER thdbdsheuditforeRhlydt &#fReNsi on
of solid conponents. A mineral acid to be used in the pretreatnent is

sel ectrertafadoacchatification reasitions mgedrding oo exaaplagl the prebant applitatiphosphori ¢
acid, et.c., and these be. us si.ngly.or in conbination. These m neral
aci ds "IVEL B s T by, g e PlsT et Fert R Ay SBPOVHE br et 1 eat ment |
Anong them sulfuric acid, which is inexpensive, is favorable for

i ndustrial use. [0022] The pretreatnent includes carryi an out
NEN

aci di fication BFES RIMENEFAIR §ARRY BNG (LEWT HELLBY I0Nui d such t hat
the fi can ratkl . ! . id s fr 9 : to 12% Db
mas, 05 ALEEAP A bRt he i Pelh ikl OIRRAL TR0 0”150
for fmenhdd Ssrodiidingda Moubsiccidide fab@s b lighdotllulobicirsw piatdrial abhpritihat t he

solid of the lignocellulosic raw material has a concentration of from 8%
by mass to 20tHMYe asacsharyfiod lxmyd pbtaiied fiom g Haraselylogic ranalateishadd r at i on
of 0. 2% . t %.by mass, and incubation is carried out at from 90C
to 15%@@@%@%6%%% to 4 hours. There is no particular restriction on
a reaction canvaimethe saccharifikstidn feazyrhdfopribé seabadied ligeakhy afowinp ehe

pretreatnent. may be carrjed out in an_acid-resistant heat pressure
cont aiSﬁ%h?né?atwﬁ BRI o aspibed 4 %ﬁ%%cg@low aamaﬁeﬁala@ﬁ%a Fessure

appl i i $ it ave. [0023] The raw material liquid
after%t gﬂﬁlﬁgﬁgﬁﬁ[ﬁ%sfégg}}ezgpgﬁet%g}’%gee a pHof from3 to 8, preferably
from4 to 7saahafifyorp the GghareB0I0sictrire medigrigd nemp dthengeaveprdetacdatigidation
l'ignocel lulosic raw material (a pretrgated raw material). There is no
particular restriction on an alkali reagent for the pH adjustnent, and
NaOH, KOH, ammonia, or the |like may be used. The lignocellul osic raw
material after the pretreatnment still has low solubility, and is recovered
in the formof a suspension of solid conponents. [0024] The



There is no particular restriction on the concentrations of a

| i gnocellulosic raw material as a substrate and an enzyne, which are
charged for the reaction. Fromthe viewpoint of handling, such as liquid

t r ansf gy AR gh&GHALBNGmeRfned rdf6R4d Bk efb-dcomemRhliol %‘ébé‘ss"’)aw material, the
solid content concentration is preferably from8% by mass to 30% by nass.
The eri#9hd tihedevaniers ofriy seseatideention have sibflicd epgthethion rduting tes ¢astbent
degradation of the substrate, | nsideration of 1 .J vijity of the
enay eyt s SR ERE 3L sl RGBS P s BRI By

accor dapshriviciton deymexadtase fdund thatPlee &fzyeRZyiRondRAddkbethe 4 atowgey
process in the present invention is preferably carried out as descri bed
bel ow.orgpaefesradad spbstegierasilug wan he pusedassit rathauhparyingestsgedal opt ai ning a
m Xt ur L Qui e saccharified liquid and a lignocellulosic raw

mat eriogelt%Ch{qlﬁiéﬁ%é;atﬁ?l%%the m xture liquid for a predeterm ned time; carrying
out, after tAwotdiggivahe peseahvedtibh,gradciseifisatidn @zyat id the saschbifiad 11

liquid into a saccharified liquid and a ]ignocellulgsic raw material as a
sol i d ligpisiesnversd turheats adserbed 99 adisagecdipdesivyay. mafrtal ddve FicAYeEhe

separ -} i {al; = t lex.
e i R e S R S T G S s S R

enzy memawtshcohadderp oftendferet thelsecuhed Hvaioadnbymb eimige @ds@rdskid acsimplee sol i d
conmponent. [0029] In thi rocess, ..the lignocelLlul.osic raw material serves
o e ishend b P PP ey St SRS BI5E P ey sl o o der
to ensyiseit iahd@paivibld 6icftiily3BRKR ihOimbliR of B)iByhs ustdser Hoduvhi he

avoi ding a decrease I n the proportion of the saccharide |1quid at .

sol i d-sa¢dparide.swp 4o prodoee 4 moposacehmiride difom adigvenellplosicirew afatdril enesioplé t i s
preferabl e tci use a lignocellulosic raw material having a solid content
mass tPYPCT & 19V 9°8%ast 40 tines (preferably at |east 200 times) the total
pr ot eij00 TS In S BN, M6 ikt HIRMIBAGS" Prinidity sRasdmbhbsasttaditle,eNZyme,
and to incubate the mxture liquid for from1l mnute to 3 hours at a

t enpervahigh eonsistsf ang saerbagdeanit.i (4 mmogasshaied nineluded i the mrosassretarédn e
mai nt aj ned e I f rocess as
doscr 1 Bog g 0ion S MBSl moh O ABHLR: Bilcose &7 oy SRS b Grectlied 00

ef fi cigbitihed faciaarihedcahldid tagnaaetihlbyosine 4 savchmifeaiial eeymea. S ihd

conponent., [0030] As an alternative to_a nethod of ne addi a

| i gnodBYIntipBshawevaiyapghisesagtharidp comppsedof gﬁ%ﬂ@géﬁ ungs %aég&rtaﬁgglﬁ,wpm 0 a
l'i qui gfll,a% A L j | eted, the
sacchz%?l& |ca‘% ﬁ@ﬁg)?gdﬁﬁ%%%%{a{?aﬁ%%@%%ﬁgﬁé{? brel?grﬁ%éjgorrf) ‘gdtqron, and the
sacchanerfass@badesenzynme may be adsorbed on an undegraded substrate
residue. Nanmely, th ecover rpcess .alternatively include:

er mi nat i ng HhedheRailihg fee PRISISE At BredrhethimicTIcs BORARY B AP IGRIPERSt e

I gnoggl hidh QphscctPilfal®hRbd B cléRRRIAmuRhad RERORLAIHRBEs AL As (Al I'Yi NG
out, after the termnating the reaction, solid-liquid separation of the

r eact iexpedt¢chefifet phithe prowscefhiaterdst sdichieyed-d and an unreact ed

| i gnocel | ul (isig .ﬁaw mat eri al .as %esol isge %r’ré)lgnent " OaQ& recover ieng t he
separ at ed | TyASHEPFRY SORCpgH TRGC P LTSSUCLAN MR hO” SHBISHP AFHEE ol ex.  As
a r esyhdiu@hg e QRABFalas HIESE bhd eRlerdBOVA, thaGSGbd 18 hexifAnhd va2eksput
directly after the saccharification process, and the enzyne can be
recovértgctivela shorter tine. In the recover process, adsorption of
a saccharification enz ' r 2l - ows the
recovery toI %C%séerlp iv@ﬁéﬁgﬁe@oﬁﬁ %‘l?fedral{q%yﬁ Oﬁghgﬂgth@rt%%%gu@ m%hée i ncubati on
time foamposicion &y wdicatcfigtieriatdnyioh wiherbBerd aneiplasal kabsda@edonetgding tbhe case

of using an untreated lignocellulgsic raw material that has not heen

pr et r éh¢ eempensat indhe pemposiiny, therlgdicatedamgrat m%ani%@ 'ﬁiﬂi Amngunt; 02 thaRluhse of
usi ng Hglfi : :Bﬁhg i-al . Q34 cifRedR i ih i ideer M nation of the
reactngPl, Eéﬁfetggrgtnﬁ%}n@ 'S g’%%l?lé’rg%%y jgﬂglecrlm n tSe at a tl%eme when t he anount
of subst rat &hedsveitios wilh bt describat below. cont ai ner det erm ned by back

cal cul atjon _fromthe accunul ati on amount . of sol ubl e nmonosaccharides and
ol | goiﬁéhﬁa#v thesmpthedg PO D aBGIRaRT FIqeseEor diied O i IMERFPhVERE®y Rd

cont enb. ‘FBffed ﬁg’ﬁid'oﬁta'?&:d 18 23800 sid falBRatt i dh@hahcdRheE&Sii#dn MRSy Of
enzyme active conponents of the saccharification enzynme In the redction
cont aiimesed. aftietelie no paicilan rdstrichion en pheefaecluoified fignidi insdfachsat is abtained  when
the amount of substrate residues in the reaction container determned by
back cal cul ation fromthe accumul ati on anount of sol ubl e nonosacchari des
and ol i gosacchari des produced by degradation is an anmount having a solid
content mass that is at least 40 tinmes the total protein mass of enzyne
active conponents of the saccharification enzyme in the reaction



made of stainless steel, ceramc, or resin. [0033] Meanwhile, an enzyme
active conponent distributed to the supernatant saccharified |iquid side
in the solid-liquid separation process is preferably recovered and used
for rersiRadasddiufald 1af- mBY¥rif1e6a \hahéJhdri AfatRAZYNHRRE O TPRNRBEhatifiad lijad iHot
been adsorbed by the above recovery nethod and adding the recovered enzyne
conponesferably chibisedjbe ptodoyisk e menosdcheiide fpmyritampeel i ateralivsie

ti be. per f d ably it iy £ : Th
ooy Qe ra PR LB R AT b et 1. MRS PR R awined oy er o
f rom tshechaHAEIBY @0 imSAeched i ihe Groddugtioimeihol] bit thebdcoRarifidatiompiveedsifane.

Al ternatively, the_enzg&g conponent that has been distributed to the
| i qui dbgainiag ragccharified bawd sepydie ipearperpiedas amregeshofdh podastipngasthed.cat i on

resin i i.fi L.OF i roce
ot ndORL s HEo RN AT AR b Be DR hEbidnE Bivefiod AL Bl r OC€SS
r ecov &fi@flassyak Gsdriil havinga 16Weigainl dotiteno milivelotv. lighin emtatt refedsyo a vhlee enzyme

recovery fromthe saccharjfied liquid nmay not be carried out, in ghich
case tifwethar Beiibyimassi whichdngt psmegdignicangint phbremass 1w preidsmeddtti vity
as in AL T | j 9 [v@MS by

i g o R B o TAn: . 0034,
|t hasndiedd hhompad lbkwdignirhensent e leorbboa Gher thitatontaas deeloscarslori but ed t o

t he sypernatant saccharified liquid side in.the.solid-liguld.separation
pr oce 3@%?1&?%5? BE A HSORPORPRCEE) tg%rg%gatﬁﬂwafbﬁ DIy g RO
There fl%{hﬁeeﬂu}o si&n@t}ﬁaﬁglesru@f? L& s BvARIEbirdwBbU CORLHRS Sesi RRIQISHERIDAS asteOl @

conbi nation thereof as a saccharification enzyng or saccharification
enzy mesoddpa painimniwestasaivilystskeppf, aad an agricaltubed wastewpdi ar rigsfstraw or wheat

saccharification effi.ciency. [0035] |n fhe, sac rificatio L QC after
The r lBydBy g  chepica PR ek e PR mehd PEa RS FERE Sl iPh of St 283
sacchakiafh&Rdd Qidh 88 s¥HRBodRE OVIRSreilarile! edwesONRYDURS, 86@F6odlafipulisd above
(hereinafter sonetines referred to as "re-saccharification").

Pr ef emadshynicalipalps puipderivid fronug hesbageous Blant igh adkengf.wastappefiiod Pakdde and
recove in the soli i es
the nonigs Qe a3 Hon i RERALRE LRy LNRAP A mElhE RO

re- saci@fri]@i-é tefodblOn $iheatin rﬁfjteﬁaltanbarp,efat ef]unyple,[reﬁaﬁe_} ?déblaﬂi_ﬁcation )
re-saccharification is carried out using the saccharificatiop enzyne that
has bdEAIREE B EacRCHrribisaten B e th BHTGHIRL Bardwer E?aéfsl?‘ﬁlp F%d;\?‘%%é(‘foé’ggal and
the e j [ e ITTR L 16 W ar e
coIIe2%¥€EW§Q?%?ggigggﬁgwggﬁﬁ@égﬁggg3%85%25%%h%¥¥?dﬁé" , itaﬁgngéeferable
t 0 useoaipasiezynme m xture to which a fresh enzynme active conponent in an

activi nt. corresponding to the activity apount .that has been divi ded
to thébéﬁﬁgﬁiﬁﬁ%P@aﬂPfﬁﬁva“ggﬂaﬂﬂégﬂﬁgaﬁs%ﬁhéﬁFHQEHAHméﬂ% % onponent
r eCoveh et R c AR PRLBRIiAs BIHAS bIAER iSRIliEn isThtRradly SPRetehisd aive Y me

activity anount to be used for re-saccharification to be nore accurately
cont r ohdtemhl abthivedduy fatiechtmp@O8dpdiag hedmg, trdatmend uafleganpeitieeaitiontandpr epar e

an enz m xt ure by .addi ng an enz active c onent. Lch.has hbeen

st r bbReati o FGEE RaP A B TP TN bl Cr RO PRE RSl SMres HOBUBEr D on

Pr o0CessetfddinéR ©0 Y HoRecdMildsid falvahitnal Mavidg al bivdihirOébntént.h By BiRsin, to an

enzynme conponent recovered by adsorption on_a substrate solid. This

r enov exctrdabmens of gsi lignoedlwlesyt e whtetink adsorptinn ofdhgienzyme e of the
_enzyng. use an be reduced signi fii tly. The nethod of collecting the

distPﬁﬁﬂ??¢m@ﬁ%?ﬁ%”ﬁ???@é”%%ﬁ%%%%%%égy filtration or purifying the 14

di stri but ed BBy prRet@efmene ireuidanksating ahdg a8 atidsd dondiioneiny lsolysequanenbr ane

appar at us Qr_re3|n_colunn_ca%able of recovering. an eQFéne active

conporentralizagiampicacebiulapniie A biomeastEry malrieRomaAT efrgrades aad evagalioa

ACP.' 0%&%5%&&% G BEQYBXG_ASﬂ{y ddelélaeﬁgé of the H&Eﬁ%%\ﬂﬂge co&r%"ﬁ@xlt ig Iﬂﬁe recover ed

activity of each ‘enzyne” can be determ ned according to an ordinarily-used

met hodigascdlluldsi: ralomateralniplpeoves tise affitiendyt of saéchhBfightionaditame matyriddeya

val ue determ ned hy quantitatively nmeasuring 1 he degradati on speed.of a
cel | ohoew Tt Ate CyHaHCT ISPV EEAE o] F £ 1ot (i HOSTIEARESR RESE be a

val ue 1 suring the degradation activity of an
Azo-Cﬂﬂ%%ﬁ%ﬁﬂ%gz}dgﬁ@gﬁﬁate based on a change of absorbance at 590 m. The
enzyng062d]i Vikeyprateatdany matiid prafanablychas alheulicdlathbsb yortontpbatiing0’o hes e
activity values with those of standarg enzyme |iquids corresponding to the
initial concentrations of the enzynes charged. [0039] A lignocellulosic
raw material or a pretreated product thereof as a substrate is added to
the recovered enzynme m xture, the concentration is adjusted with water so
as to match the conditions of the initial saccharification reaction, and a




[ Exanpl e 11 Pretreatnment of |ignocellulosic raw materi al As a
| i gnocel | ul ose-containing material, hardwod haft pulp (LBKP) was prepared
(hereinafter, the terms "lignocellulosic raw material™, "pulp" and "LBKP"

ref er smiQ or Qs SAIMR heiUuRRE caftntielste Y MEehaREaab Iy pthet-BiRs @S dpdraged in
a gl ass beaker, and diluted with water to a solid content concentration of

10% [ vfwhe prgtraatmigehis pafenablycsugh it R8% tayddess or soze of thahemiggtuloshicent r at i on

of 0.5% The heaker nt al ni ng t he LBKP- sul f. i:d. S t] was heat ed
ot 1acemmnen sl IR PPl e By clllbfBRa e SR 26 Lot to
5.0, yskRenbha@hl @Bdmaust dffaiferaddud 4 BY-psaubt inaRe f@treted tavamaneiaLie iniidi on of
20 mM), thereby providing a pretreated |ignocellulosic raw material. The

pr et r dated % bynwseen lessedite deninsnstod thedignpeddlulgsiy spyenatsyialni By ssiiedhsrance

i qui hr. I Y, (HR ' i 380 e

hem c&%f%@%%ﬂ%@%&ﬂ& e\/%lgg/% %I)égfr}gsddélﬂe%ﬁ%%lé%g?%gg’%tegﬁtgef%etﬁ é:31rmunt of

f ur f urgbtrgutaeiictd efiSerRy of dve @eat@emiwidf a tdvehaificatiois snayinet daa be dwvthent er i al .

<Anal ysi s condi tions> Anal yzer: HPLC by JASCO Corporatiop Col um: U_TRON

PS- 80HMPSRsA- nidy SHERTETSHRE Rirleplty adOdicErebe B2I0Y TRRASSF 1558 SOPlaRIRatAR,) yvsi s

t enper : L : I i 1 i at pH 2.1
mp »@?@g%g@g PR RE5E R ROl GeARio pRANSOHR (RObNcbQRIAl P

[ 0041] rption test enzyne on l1gnocelfulosic raw
mat er iratovery of the Theynadsoadsbippionpan pe stppesssaf wihay semifoant i effecting the

i | 1 ul qsi terial, and t treat i || ul gsi
o AR e s hemrasptiontnid, S 1R UGS et furirgl Bhe ApfanEL B ase
aquUeOoUs,iisfl HihiOBarl s Be %ﬁ@%a&?@ﬁbﬁﬁ?ﬁﬁ%&%@w@%ﬁ%&%ﬂé lfquid@gnencor

Inc.), whith contains endogl ucanase, i ohydrol ase, 11-gl ucosi dase,
and hemcowhlcoh@sbatiompiscament. as t he enzyne. The protein concentration of

the cellula agueous.sqal ution used neasur ed by.the Bradford nethod,
bna the meactbamn el S ES s budBRt of G Y b BemElef ol Lot

cel | ulREGe @%ﬁﬁ@ﬁ@a@@ﬁtyﬁii@ﬁbﬁﬁdﬁsm? 9 b&hFﬁﬁeﬂﬁ‘ﬂm{dV@ megeddiulons;iadd 3ays ket eri al
were added to a 20 mMcitrate buffer solution such that the ratio of (the

nmass ohagsosnwirgfhereoftaievamderedty mass of s10re theEwbIRBHCBANt he pr et r eat ed

i gno Ul gsi,c. raw ri-al.) 3 .14 - 60,4011 : . Each
I quI Ga siididl cofite CEntAIMNON i t 0, y obaisaperavat ant .
The protein concentratjon in_ the centri fL{aﬁa_ti on sup.e[)nat aniqyﬁ S measur ed
?K thifz?@flkﬁ“ﬂi metpfsdhe ?Bb%@%hﬁ%@g 1‘;F§? matena Eéﬁu’t{egng& It&hP"’ati on in
e C . ] e . .

adsor ptltor%ﬁ?%ggcﬁﬁ@g%eﬁq lt!ltléfr?%iﬂm Ia%r f‘%ﬁ toﬂg %eﬁﬁjb sel:ngg'ueouslﬁesoIetgj\ctl(i1 on and
t he LBKMe (et inaght pajreatercet madizdtet drom a0fumivlacidi hadrechiorfi¢ arid setrigtacsln such
that the ratio of (the ss of ,protei.n) : (the mass of .the solid conmponent
of ¢ hepToaiSyeasel ¢ 5 Hexpmiay g pSedsiilisor by dp B n TbSR Adee! e

agi t at,edyideNhi ¥xadlipld AGayv@able cMidiGicy b Md preReathbR, AAIREHR!then, {lkic atiavi d
was col | ected and centrifuged at 7,000xg to obtain a supernatant. The

pr ot ei whichirdeerpeasivans favotdide foe mdustriabesei on supernat ant was measured by

the cdPPinateamatSreRRks r R ha st ol Al s RO " 7

adsor phivQhatkfifdigiRNuch that the fifd) @oR@8RAIIN Mhd @ERYA aYid ia fioas0.0% Byhaadsot al
protein mass of the enzyne active conponents in the case of using the

| i gnocel1Rbh esmess; and mavkatingl thapcidified rave matesial bauid gt Hgm:80eC be £5¢°Edlped
oS} oSG, £ Ml il AREINFIOR ARG Shovn
Li gnocaiv htesaitas asomRhediticd of from 8% by mass to 20% by mass, a mineral acid is added

at a final concentration of 0.2% by mass to 5% by mass, and incubation is carried out at from

90°C to 150°C for from 1 hour to 4 hours. There is no particular restriction on a reaction

container to be used for the pretreatment reaction. The pretreatment may be carried out in an

acid-resistant heat pressure container, or in an acid-resistant container placed in a heat

pressure application apparatus such as an autoclave.

[0023] The raw material liquid after the incubation is adjusted to have a pII of from 3 to 8,
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1:13 1:40 1:67 1:120 1:200 One ninute adsorption Pretreated 34% 74% 78%
71% 91% Untreated 0% 0% 0%
preferably from 4 to 7, at from 20°C to 80°C, thereby providing a pretreated lignocellulosic
raw material (a pretreated raw material). There is no particular restriction on an alkali
reagent for the pH adjustment, and NaOH, KOH, ammonia, or the like may be used. The
lignocellulosic raw material after the pretreatment still has low solubility, and is recovered in
the form of a suspension of solid components.
[0024] The saccharification enzyme in the invention means an enzyme which degrades a
lignocellulosic raw material to monosaccharide units, and may be any enzyme that degrades a
lignocellulosic raw material to monosaccharides, may be any enzyme having activity of
cellulase or hemicellulase.

Cellulase may be any enzyme that degrades cellulose to glucose, and examples
thereof include those having at least one activity selected from endoglucanase,
cellobiohydrolase and B-glucosidase. Cellulase is preferably a mixture of enzymes having
the respective activities from the viewpoint of enzyme activity.

Similarly, hemicellulase may be any enzyme that degrades hemicellulose to a
monosaccharide such as xylose, and examples thereof include those having at least one
activity selected from xylanase, xylosidase, mannanase, pectinase, galactosidase,
glucuronidase and arabinofuranosidase. Hemicellulase is preferably a mixture of enzymes
having the respective activities from the viewpoint of the enzyme activity.

In the invention, the term "enzyme active component”" means each of the
saccharification enzymes in the case of an enzyme mixture. In the case of using a single
saccharification enzyme, the term "enzyme active component" means the employed
saccharification enzyme itself.

[0025] There is no restriction on the origins of these cellulases and hemicellulases, and
hemicellulase of a filamentous fungus, a basidiomycete, a bacterium or the like may be used.
For example, those of various origins such as of the genus Trichoderma, the genus
Acremonium, the genus Aspergillus, the genus Irpex, the genus Aeromonas, the genus
Clostridium, the genus Bacillus, the genus Pseudomonas, the genus Penicillium, and the
genus Humicola, and/or those produced by genetic recombination may be used singly, or in
mixture of two or more thereof. A commercially-available general cellulase formulation, or
a culture of any of the above microorganisms or a filtrate thereof may directly be used as a
source of the enzyme. Among them, cellulase having strong cellulose degradation activity,
such as cellulase derived from the genus Trichoderma or the genus Acremonium, is preferable.
[0026] Examples of commercially-available cellulases and hemicellulases that can be used
include ACCELLERASE 1000 (manufactured by Genencor Inc.), ACCELLERASE 1500

(manufactured by Genencor Inc.), ACCELLERASE XC (manufactured by Genencor Inc.),
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0% 0% 60 m nutes adsorption Pretreated 19% 73% 74% 75% 79% Untreated 12%
59% 67% 77% 77% [0044] [Exanple 3] Enzymatic saccharification of
| i gnocel lulosic raw material and pretreated product thereof

ACCELLERASE XY {manufactured by Genencor Inc.), CELLUCLAST (manufactured by
Novozymes), CELLIC CTEC (manmufactured by Novozymes), CELLIC HTEC (manufactured
by Novozymes), ACREMONIUM CELLULASE (manufactured by Meiji Seika Kaisha,
Limited), MEICELASE (manufactured by Meiji Seika Kaisha, Limited), CELLULASE
AMANO A (manufactured by Amano Enzyme Inc.), CELLULASE AMANO T
{manufactured by Amano Enzyme Inc.), CELLULASE DAIWA (manufactured by Daiwa
Kasei K.K.), CELLULIZER (manufactured by Nagase Biochemicals Ltd.), DRISELASE
(manufactured by Kyowa Hakko Kogyo Co. Ltd.), CELLULASE ONOZUKA (manufactured
by Yakult Pharmaceutical Industry Co., Ltd.), and CELLULOSIN {(manufactured by Hankyu
Bioindustry Co., [.td.). Examples of commercially-available -glucosidases that can be used
include NOVOZYME 188 (manufactured by Novozymes), and ACCELLERASE BG
(manufactured by Genencor Inc.).

[0027] The saccharification reaction in the present invention is catried out by adding an
enzyme to a lignocellulosic raw material and allowing a reaction to proceed while agitating.
Although there is no particular restriction on a reaction container to be used for the
saccharification reaction, it is preferable that the reaction container is configured such that a
lignocelulosic raw material, an enzyme, and the like that are charged therein can be
sutficiently mixed by agitation, and has a temperature regulating function that allows the
temperature to be maintained at an optimum temperature for the enzyme to be used. The
reaction temperature is, for example, preferably from 40°C to 55°C in the case of a
commercially-available énzyme originated from a fungus represented by the genus
Trichoderma. The pH of the liquid in the saccharification reactor is preferably maintained at
an optimum pH for the enzyme to be used, and, for example, is preferably from pH4 to pH7 1n
the case of a commercially-available enzyme originated from the genus Trichoderma.

There is no particular restriction on the concentrations of a lignocellulosic raw
material as a substrate and an enzyme, which are charged for the reaction. From the
viewpoint of handling, such as liquid transfer and charging, of a pretreated lignocellulosic raw
material, the solid content concentration is preferably from 8% by mass to 30% by mass.

The enzyme to be used may be added in a sufficient amount for efficient degradation of the
substrate, in consideration of the activity of the enzyme. The amount of the enzyme may be
adjusted appropriately in accordance with, for example, the type of enzyme.

[0028] The recovery process in the present invention is preferably carried out as described
below. Specifically, the recovery process preferably includes: obtaining a mixturelliquid of
the saccharified liquid and a lignocellulosic raw material; incubating the mixture liquid for a

predetermined time; carrying out, after the incubating, solid-liquid separation of the mixture
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16. 3 Qg to &tbatd ttR mixture liquid for from 1 minute to 3 hours at a temperature at which the
stability of the saccharification enzyme can be maintained, for example at from 20°C to 80°C.
As a result of the process as described above, a saccharification enzyme in a soluble state can
be efficiently adsorbed on a lignocellulosic raw material as a solid component.
[0030] As an alternative to a method of newly adding a lignocellulosic raw material, which
is to be used for adsorption, into a liquid in which the saccharification reaction has been
completed, the saccharification reaction may be terminated before completion, and the
saccharification enzyme may be adsorbed on an undegraded substrate residue. Namely, the
recovery process may alternatively include: terminating a saccharification reaction under a
condition in which the lignocellulosic raw material remains in a predetermined amount;
carrying out, after the terminating the reaction, solid-liquid separaﬁon of the reaction liquid
into a saccharified liquid and an unreacted lignocellulosic raw material as a solid component;
and recovering the separated lignocellulosic raw material as an enzyme-substrate complex.
As a result of the process as described above, adsorption is carried out directly after the
saccharification process, and the enzyme can be recovered in a shorter time.

In the recover procéss, adsorption of a saccharification enzyme using a pretreated
raw material allows the recovery to be carried out efficiently in a shorter time. The
incubation time for recovery is preferably from 60 minutes to 120 minutes in the case of using
an untreated lignocellulosic raw material that has not been pretreated, and is preferably from 1
minute to 120 minutes in the case of using a pretreated raw material.

[0031] Regarding the termination of the reaction, the reaction is preferably terminated at a
time when the amount of substrate residues in the reaction container determined by back
calculation from the accumulation amount of soluble monosaccharides and oligosaccharides

produced by degradation is an amount having a solid content mass that is no more than 200
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times the total protein mass of enzyme active components of the saccharification enzyme in
the reaction container, and the reaction is more preferably terminated at a time when the
amount of substrate residues in the reaction container determined by back calculation from the
accumulation amount of soluble monosaccharides and oligosaccharides produced by
degradation is an amount having a solid content mass that is at least 40 times the total protein
mass of enzyme active components of the saccharification enzyme in the reaction container.
Monosaccharide production sufficient as a saccharification process can be achieved by
terminating the reaction at a time when the amount of substrate residues 1s an amount having
a solid content mass that is no more than 200 times the total protein mass of enzyme active
components of the saccharification enzyme in the reaction container. By setting the amount
of substrate residues to have a solid content mass that is at least 40 times the total protein
mass of enzyme active components of the saccharification enzyfne in the reaction container, it
is ensured that the amount of the substrate is sufficient for absorption. Thus, the mass ratio
of the substrate residue to the enzyme protein is sufficient, and 70% by mass or more of the
enzyme protein can be adsorbed.

Here, the amount of substrate residues in the reaction container may be determined
by, for example, measuring the the amount of each of the monosaccharides and
oligosaccharides in the mixture liquid or the total quantity thereof using a known analyzer
such as high performance liquid chromatography.

[0032] The enzyme adsorbed on a lignocellulosic raw material is recovered by subjecting
the liquid, which has been subjected to the above-described treatment, to an operation such as
centrifuging or coarse-filtrating so as to separate the liquid into a saccharified liquid and a
lignocellulosic raw material as a solid component, and collecting the solid component portion.
The lignocellulosic raw material on which the enzyme is adsorbed may be employed, as an
enzyme-substrate complex, in a saccharification reaction of the next batch.

In regard to the conditions of the centrifugation or the coarse filtration to be applied
to the separation of the saccharified liquid and the substrate solid, methods ordinarily used in
the relevant industry may be applied as they are. For example, in the case of centrifugation,
centrifugation may be carried out at from 500xg to 10,000xg. In the case of coarse filtration,
filtration may be carried out with a filter having an aperture of from 0.1 um to 2 mm and
made of stainless steel, ceramic, or resin.

[0033] Meanwhile, an enzyme active component distributed to the supernatant saccharified
liquid side in the solid-liquid separation process is preferably recovered and used for
re-saccharification. By recovering an enzyme component that has not been adsorbed by the

above recovery method and adding the recovered enzyme component, a subsequent cycle of
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re-saccharification to be more accurately controlled and regulated.

[0037] Further, it is also preferable to prepare an enzyme mixture by adding an enzyme
active conrponent, which has been distributed to the saccharified liquid side in the solid-liquid
separation process and recovered by filtration or purification with a resin, to an enzyme
component recovered by adsorption on a substrate solid. This removes the necessity to
replenish the enzyme, and the amount of the enzyme used can be reduced significantly. The

method of collecting the distributed enzyme active component by filtration or purifying the
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As obvious fromFigure 2 and Figure 3 as well as Table 3, it is
demonstrated that, according to the nmethod of the Exanples of the present
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[0038] The recovered activity of each enzyme can be determined according to an
6rdinari1y~used'method asitis. Forexample, the activity of B-glucosidase may be a value
determined by quantitatively measuring the degradation speed of a cellobiose substrate by an
HPLC. The activity of endoglucanase may be a value determined by measuring the
degtadation activity of an Azo-——CM—Cellulose substrate based on a change of absorbance at
590 nm. The enzyme activity recovery ratios can be calculated by comparing these activity
values with those of standard enzyme liquids corresponding to the initial concentrations of the
enzymes charged.
[0039] A lignocellulosic raw material or a pretreated product thereof as a substrate 1s added
to the recovered enzyme mixture, the concentration is adjusted with water so as to match the
conditions of the initial saccharification reaction, and a re-saccharification reaction is allowed
to proceed under agitation and pH and temperature control.

The sequence of enzymatic saccharification, enzyme recovery, and

re-saccharification described above can be carried out repeatedly, and the catalyst cost can be

continued to be reduced during a period in which the enzyme activity is maintained.

EXAMPLES

[0040] The present invention will be described in more detail by way of the following
examples. However, the examples should not be construed as limiting the present invention.
Further, "%" means "% by mass" unless otherwise specified.
[Example 1] Pretreatment of lignocellulosic raw material

As a lignocellulose-containing material, hardwood kraft pulp (LBKP) was prepared
(hereinafter, the terms "lignocellulosic raw material”, "pulp" and "L.BKP" refers to the same
thing and are used interchangeably). LBKP was placed in a glass beaker, and diluted with
water to a solid content concentration of 10% [w/w], and then sulfuric acid was added to a
final mass concentration of 0.5%. The beaker containing the LBKP-sulfuric acid solution
was heated at 130°C in an autoclave for 4 hours. After cooling, the pH was adjusted to 5.0,
using NaOH and a citrate buffer solution (at a final concentration of 20 mM), thereby
providing a pretreated lignocellulosic raw material. The pretreated lignocellulosic raw
material was analyzed by high performance liquid chromatography (IIPLC), and it was
confirmed that 88% of the hemicellulose component was degraded to soluble xylose, and the

amount of furfural produced was as low as 0.5% of the dry mass of the raw material.
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20.5 18.8-18.1 24h 53.3 56.8 52.7 52.1 50.1 42h - 62.1

<Analysis conditions>

Analyzer: HPLC by JASCO Corporation _
Column: ULTRON PS-80H (300x8 mm; manufactured by Shinwa Chemical
Industries Ltd.)

Analysis temperature: ~ 50°C
Mobile phase:  Perchloric acid aqueous solution at pH 2.1
[0041] [Example 2] Adsorption test of enzymie on lignocellulosic raw material

The adsorption properties of enzymes on the lignocellulosic raw material and the
pretreated lignocellulosic raw material were examined respectively. A
commercially-available cellulase aqueous solution (Trade name: ACCELLERASE 1000,
manufactured by Genencor Inc.), which contains endoglucanase, cellobiohydrolase,
B-glucosidase, and hemicellulase, was used as the enzyme. Thé protein concentration of the
cellulase aqueous solution used was measured by the Bradford method, and the measurement

“result was 2.5% by mass.

[0042] Using flasks, the cellulase aqueous solution and the pretreated lignocellulosic raw
material were added to a 20 mM citrate buffer solution such that the ratio of (the mass of
protein) : (the mass of the solid component of the pretreated lignocellulosic raw material) was
1:13, 1:40, 1:67, 1:120, and 1:200. Each flask was agitated gently at 45°C, and, after 1
minute, the adsorption test liquid was collected and centrifuged at 7,000xg to obtain a
supernatant. The protein concentration in the centrifugation supernatant was measured by
the Bradford method, and was compared with the protein concentration in the cellulase
aqueous solution which had not been subjected to the adsorption treatment.

Similarly, the cellulase aqueous solution and the LBKP (untreated) were added to a
20 mM citrate buffer solution sﬁch that the ratio of (the mass of protein) : (the mass of the
solid component of the LBKP) was 1:13, 1:40, 1:67, 1:120, and 1:200. The flasks were
agitated gently at 45°C, and, after 1 minute, the adsorption test liquid was collected and
centrifuged at 7,000xg to obtain a supernatant. The protein concentration in the
centrifugation supernatant was measured by the Bradford method, and was compared with the
protein concentration in the cellulase aqueous solution which had not been subjected to the
adsorption treatinent.

The adsorption recovery ratios of the total protein mass of the enzyme active
components in the case of using the lignocellulosic raw material and in the case of using the
pretreated lignocellulosic raw material according to the above examination are shown in Table

1.
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[0043] [Table 1]

Solid mass ratio of protein mass : Lignocellulosic raw material
1:13 1:40 1:67 1:120 1:200
One minute | Pretreated 34% 74% 78% 71% 91%
adsorption | Untreated 0% 0% 0% 0% 0%
60 minutes | Pretreated 19% 73% 74% 75% 79%
adsorption | Untreated 12% 59% 67% 77% 77%

[0044] [Example 3] Enzymatic saccharification of lignocellulosic raw material and
pretreated product thereof

Untreated pulp having a solid content concentration of 10% by mass and a 20 mM
citrate buffer solution (pH 5.0) were added into a separable flask, a cellulase aqueous solution
(ACCELLERASE 1000) was added to a final volume concentration of 2% (a final protein
concentration of 0.05% by mass), and, thereafter, a saccharification reaction was carried out at
45°C with gentle agitation.
[0045] Similarly, the pretreated lignocellulosic raw material (pH 5.0) having a solid content
concentration of 10% by mass was added into a separable flask, the cellulase aqueous solution
was added to a final volume concentration of 2%, and a saccharification reaction was carried
out at 45°C with gentle agitation. The reaction liquid was sampled at certain time intervals,
and the amount of monosaccharides produced (the total of glucose and xylose) was analyzed
by HPLC in the same manner as in Example 1. The results are shown in Figure 1 and Table
2. The broken line in Figure 1 shows the result of the enzymatic saccharification reaction of
the untreated raw material, and the solid line shows the result of the enzymatic
saccharification reaction of the pretreated raw material.

As shown in Table 2 and Figure 1, the result of the pretreated lignocellulosic raw
material shows a significant increase in the reaction speed, as compared to the result of the

enzymatic saccharification reaction of the untreated pulp.
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81.4 79.7 120h - 94.2 89.2 86.1 85.9 144h - - - 88.3 88.7 [0050]
[ Exanpl e 6] Re-saccharification when fl-glucosidase is not added

[0046] [Table 2]

Concentration of Monosaccharide
Accumulated(g/L)
. Pretreated Untreated
Oh 16.3 0.2
24h 53.3 -
40h - 43.0
Reaction Time 28 062 _
64h - 56.0
72h 79.4 -
88h - 74.2
96h 81.1

[0047] [Example 4] Recovery of enzymes (1)

The enzymes were recovered from the enzymatically saccharified liquid of the
pretreated lignocellulosic raw material of Example 3, according to the following method.

To the enzymatically saccharified liquid (reaction liquid after 96 hours of reaction),
the pretreated lignocellulosic raw material was added to a final solid content concentration of
2% by mass (which is 40 times the mass of the enzyme protein), and the mixture was agitated
gently at 45°C for 1 hour. The resultant adsorption treated liquid was collected and
centrifuged at 7,000xg, and the precipitate was collected.

The protein concentration in the centrifugation supernatant was measured by the
Bradford method, and it was found that 81%. by mass of the enzyme protein was recovered in
the precipitate by adsorption. Further, the supernatant was subjected to an SDS-PAGE
analysis, and activity analysis based on degradation of substrates such as cellobiose was
carried out using HPLC in the same manner as in Example 1. As a result, it was confirmed
that the main enzyme component that was not recovered was p-glucosidase, and that 58% of
the activity of the B-glucosidase contained in the original cellulase aqueous solution was lost
by transfer into the supernatant. The amount of the supernatant monosaccharide liquid was
used as monosaccharides produced per 1 reaction in a calculation for the basic unit for
catalyst in Figure 3.

[0048] [Example 5] Saccharification (1) of pretreated lignocellulose preparation using
recovered enzymes

A re-saccharification reaction was carried out using the precipitate that was recovered

in Example 4, namely the pretreated lignocellulosic raw material solid matter on which the
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A saccharification test of the pretreated |ig, nocellul ose preparation
using the enzynes recovered in Exanple 5, but w thout adding the
comerci al |l y-avail abl e fl-gl ucosi dase aqueous sol ution. Nanely, the
sacchadi {inealvbRudsedbdWas carried out using only the enzymes that had been

recovered by adsorption. ~ The pretreated |ignocellulosic raw
mat eri al solTlih¢ pretreatad Hgravelhgosc ravamatcddl sodidingatteo an efichcibe eesyrrestyesh of
20% by

mass) ,on. whi ch the e nes wer e adsor bed..,and_th r.etreat
1 ano bRl G Pl i SRALIRER LR G iaRPh B Lo ARt RO 1
20 nMigdnbk@hosiHahematehivtRmdidding Hepatible ILa! adddilutddeith 8 Qb inthicont ent
concentration of the pretreated lignocellulosic raw materials (total_ of

the tvitraabeiferiodytiondpHne0)moh Bnt tgdinal sHid Genjeant pencapiEatione thegiretigased

gent | y. at 0 carf - L fl i | OR; d the
orountipedRSoiCraRP bRtk ol o ARGHALL boil 0D, BERGLL oo A 10 e
by HPLGlut{od0oddmmbrifBravadakit peflasusilabcafroadaintfonq@tddemamenzyme recovery,
and re-saccharification w thout addition of Igéglaﬁosid se as described in

Exanpl MOX OZXME|88. manufaefupsdhyNevagymgs) waspdd P ReIMEGRRCEHEgBSs i n
the ampynies, gf : ' | bati on
in respeé5?@2%%%%ggggﬁgﬁgﬁgﬂgagﬁ§$%§?gﬁ%gﬁ%ﬁa%gﬁ?gaﬁ?@gﬁéﬁgggfgﬁ' i ne

r epr esentchbfifcateauticsion staaicmettd wheat 463C githcgentld agigativsas not added, and the
solid liner preS%Qas the results. obtained when O-glu osidaﬁe1yas added
(Exanpl e 5) ThESERCEHESOFY TR SARehariOepions gaiRe Forpway- Anfes Sacsh AT 8% age
val ue dl&5ieafin E§a1§gfé¥‘@ 1, 09815"eks rdhdabedPtifES, Ahd AR rehdRNGults GRIIABHALSAN W th
the results obtained when the re-saccharification with addition of

13- gl ukzbki Harskligered:. dilndiig. @, Blegkglamobdswepresepiaghe esgults ¢fghe oiifia rédctieni n
Figure 4), it is understood.th in_a case.in which.13-¢gl ucosi dase was
ot - atibls sabiiss SRR Br oo Sk e et B ER ol LE ERARS" e
of ti mBreQint iRGeHRQYVE HIE@EondCLBGRRTicAIR redRiohOaBitOtideHepeasii drse by
transfer into centrifugati on supernatants. [0052] [Exanple 7] Recovery of

enzymaegubp of the third Fsapebarificatian edaation: japd Whits toanglesaepesant thetreslts of the

| i gnocel Lul 0sSi ¢ 1 I I ] + B in
canpl 08t RSB T Bo ot 1R S thl Ol P SR OORRAR B3 o
nmonos ak€ balulade aqisoad ssladon aadhethe ks by thedsslubaidade aqucats sulaionditeusi ng
HPLC (the estimated residual substrate solid content concentration being
205 or THES§I9E mongRceharidgs gradused|} wdhe poveazs isshown i Hgee i t he enzyme
protein). T i i 4 i QUi :

D 00xg,  and S RARNEHAE Flele 2368 PRl 1 Bhth A EbUSS KRNI dEsdl
conceniccatlingrio ke mbthod efithei Bxagaddsar tisupresenatremantion sacchasfinagdn ban behe

Bradf ord. ne d, and it was recogni zed. that. 74%.by nass of the e e

ot ot e AHIGEE! HE OB CAY R N FophAT el Rreth i e RRAERH D o o der
L0 T eGRYEI reRATOHTES 1haB4 sR¥nATRATSSEndyleah R ré@RIdIfiAL InffhisHP@ENat ant ,
the centrifugation supernatant liquid was treated with a

commerse¢chitificaivaidfadibrcyUF nenbrane (Trade nanme: M CROZA pencil scale
nodul e ACP-0013D, manufactured by Asahi Kasei Corporation), as a result of
whi ch 83% by nass of the enzyne protein in the liquid was recovered. It
was recogni zed that 96% by mass of the amount of the initially added
enzyne protein was recovered as a total sum of these operations. The
anount of the nonosaccharide liquid obtained after filtration through the
UF nmenbrane was used as the generated nonosaccharides per 1 reaction in a
cal culation of the basic unit for catalyst shown in Figure 5. [0053]

[ Exanpl e 8] Saccharification (2) of pretreated |ignocellul ose preparation
usi ng recovered enzyne A re-saccharification reaction was carried
out using the enzyme conponents adsorbed on the pretreated |ignocellulosic
raw material solid matter recovered in Exanple 7 as well as the enzyne
conponents recovered fromthe centrifugati on supematant |iquid by
filtration through the UF nenbrane. The pretreated |ignocellul osic
raw material solid matter (having a neasured solid content concentration
of 20% by mass) on which the enzynes were adsorbed, the enzyme |iquid
obtained by filtration through the UP nenbrane, and the pretreated

| i gnocel lulosic raw nmaterial were added into a separable flask, and
diluted with a 20 MM citrate buffer solution (pH 5.0) such that the fina
solid content concentration of the prgtreated |ignocellulosic raw
materials as a total of the material s becane 10% by mass. Thereafter, a
re-saccharification reaction was allowed to proceed at 45C under gentle
agi tation. The change of the basic unit for catalyst ([the mass of
the cel l ul ase aqueous sol ution used + the nmass of the 13-gl ucosi dase



O Times Once Twice Three Tines Four Tines Added Concentration 81.1g/L
89.3g1 82.69/L 81.4g/L 79.7g/L Standard Devi ation 0.2

[0049] [Table 3]

Concentration of Monosaccharides Accumulated (g/L.)
0 Times Once Twice T.hree Iiour
Times Times
Oh 16.3 21.0 20.5 18.8 18.1
24h 53.3 56.8 52.7 52.1 50.1
42h - B - - 62.1
Reaction 48h 66.9 68.7 65.8 65.7 -
Time 72h 79.4 79.6 75.0 74.2 73.5
96h 81.1 89.3 82.6 81.4 79.7
120h - 94.2 89.2 86.1 85.9
144h - - - 88.3 88.7

[0050] [Example 6] Re-saccharification when Bnglucosidase is not added

A saccharification test of the pretreated lignocellulose preparation using the enzymes
recovered in Example 5, but without adding the commercially-available B-glucosidase
aqueous solution. Namely, the saccharification test was carried out using only the enzymes
that had been recovered by adsorption.

The pretreated lignocellulosic raw material solid matter (having a measured solid
content concentration of 20% by mass) on which the enzymes were adsorbed, and the
pretreated lignocellulosic raw material were added into a flask, and diluted with a 20 mM
citrate buffer solution (pH 5.0) such that the final solid content concentration of the pretreated
lignocellulosic raw materials (total of the two materials) became 10% by mass. The mixture
was then agitated gently at 45°C so as to carry out a re-saccharification reaction, and the
amount of produced monosaccharides after 96 hours of reaction was analyzed by HPLC.
[0051] The series of enzymatic saccharification, enzyme recovery, and re-saccharification
without addition of B-glucosidase as described in Example 3, Example 4, and Example 6 was
repeated 4 times, and changes in the amounts of the produced monosaccharides after 96 hours
of incubation in respective cases are shown in Table 4. In Table 4, the broken line represents
the results obtained when p-glucosidase was not added, and the solid line represents the
results obtained when p-glucosidase was added (Example 5). Each experiment was carried
out three times, and an average value thereof is shown together with an error bar thereof.
Comparison with the results obtained when the re-saccharification with addition of
B-glucosidase according to Example 5 was repeated (the solid line in Figure 4), it is
understood that, in a case in which B-glucosidase was not added, the amount of

monosaccharides produced decreases as the number of times of the recyclings increases, due
20



2.0 1.2 1.7 1.2 Not Added Concentration 81.8g/L 65.2g/E 57.5g/L 50.9qg/L
46.99/L Standard Deviation 0.5 6.3 2.0

to loss of f-glucosidase by transfer into centrifugation supernatants.
[0052] [Example 7] Recovery of enzyme (2)

Enzymatic saccharification of the pretreated lignocellulosic raw material was carried
out in the same manner as in Example 3, and the reaction was terminated before the
concentration of monosaccharides prodﬁced reached 80% by mass based on an analysis using

HPLC (the estimated residual substrate solid content concentration being 2% or higher, which
is a mass that is 40 times the mass of the enzyme protein). The enzymatically saccharified
liguid was centrifuged at 7,000>g, and the precipitate was collected.

The protein concentration in the centrifugation supernatant was measured by the
Bradford method, and it was recognized that 74% by mass of the enzyme protein was
recovered in the precipitate by adsorption.  Further, in order to recover enzymes lost by
transfer into the centrifugation supernatant, the centrifugation supernatant liquid was treated
with a commercially-available UF membrane (Trade name: MICROZA pencil scale module
ACP-0013D, manufactured by Asahi Kasei Corporation), as a result of which 83% by mass of
the enzyme protein in the liquid was recovered. It was recognized that 96% by mass of the
amount of the initially added enzyme protein was recovered as a total sum of thgse operations.
The amount of the monosaccharide liquid obtained after filtration through the UF membrane
was used as the genérated monosaccharides per 1 reaction in a calculation of the basic unit for
catalyst shown in Figure 5. _

[0053] [Example 8] Saccharification (2) of pretreated lignocellulose preparation using
recovered enzyme

A re-saccharification reaction was carried out using the enzyme components
adsorbed on the pretreated lignocellulosic raw material solid matter recovered in Example 7
as well as the enzyme components recovered from the centrifugation supernatant liquid by
filtration through the UF membrane.

The pretreated lignocellulosic raw material solid matter (having a measured solid
content concentration of 20% by mass) on which the enzymes were adsorbed, the enzyme
liquid obtained by filtration through the UF membrane, and the pretreated lignocellulosic raw
material were added into a separable flask, and diluted with a 20 mM citrate buffer solution
{pH 5.0) such that the final solid content concentration of the prétreated lignocellulosic raw
materials as a total of the materials became 10% by mass. Thereafter, a re-saccharification
reaction was allowed to proceed at 45°C under gentle agitation.

The change of the basic unit for catalyst (=[the mass of the cellulase aqueous solution
used + the mass of the B-glucosidase aqueous solution]/fthe mass of monosaccharides

produced]) in a test in which the series of enzymatic saccharification, enzyme recovery, and
21



1.8 0.

9

[ 0054] As shown in Table 4 and Figure 5,

it has been found that,

by addi ng an enzyne, a decrease in the saccharification efficiency is

prevent ed when saccharification is repeated,

can bgeuhddhhgpchtRhf8abicvBLy if ERmKed Naff 8 tae refetitR Aitihés i9Ehdsasin TABR 4

operation efficiency.

[ 0055] Therefore,

according to the present

and saccharification enzynes

i nventanddigurtié. anount of enzyne used can be reduced, and a nonosacchari de
in a sinple manner at
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4. The production nethod accordi ng

to claim3, wherein a content of

heni c shtaiprSeation eniemey eanrheattidided effeatwelyrirem bbd dobs vywhaigts afcostasd of

t hat befor.e t .
3 or éW%FﬁPﬂFﬁﬁﬁﬁl

rcet r eat nent .
°gin furfural

mass qo033s Thefeferediotortssioahe plegerd iblchtiad, abe dravariraf eiiyale used can be

reduced, and a monosaccharide can be produced from a lignocellulosic raw material in a

simple manner at low cost.

[0056] The disclosure of J apanese Patent Application No. 2009-270839, filed November 27,

2009, is incorporated herein by reference in its entirety.

All documents, patent applications, and technical standards described in the present

specification are herein incorporated by reference to the same extent as if each individual

document, patent application, or technical standard was specifically and individually indicated

to be incorporated by reference.
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5. The production nethod according to claim

in the pretreated raw material is 1% by



6. The production nethod according to any one of claiml to claimb5,
wherein the lignocellulosic raw material is a pretreated raw materi al
obtai ned by pretreatnment including the following (a) to (d): (a)
obtaining a raw material liquid incpagts a solid of the |ignocellulosic
raw material has a concentration of from 8% by nmass to 30% by nass;

(b) acidifying the raw material liquid wwth a mneral acid at a final

concentration of, fram Q. 2% by mass to.12% by nass; . . 4 ncubati ng
O S PR S uall‘lglai‘8%‘?%%@@%%‘#%@&@8@%&1‘% s phal "rot L 0,
hour s;coafpflising: (d) adjusting, after the incubating, the raw materi al
liquid so as to have a pH of from 3 to 8 at from20C to 80C, 7. The
product i on rebtairite aseshaifiesl ienié phiained frophe HenesclWesigiras materipd ped ¢ s

sul furjc,acikd. .. hydrochloric acid, nitric acid, phosphoric acid, or any
conbi rfg?ﬁhgﬁhfﬂgpéig?y%‘?#he production nethod according to any one of claim
1 to clai m fecombBeneits shdiafifcalodrenAgne Gionr ths eacharifidddiquidhbnglldveihg tiee () :
(e) obtaining a mxture liquid of the saccharified |liquid and a

| i gnocesdharibgationeam maiwhq %dsorfbsdmgh%hgrmwlérﬂe%f%{na%% aflaat is at |east

40 times a ts?écﬂhn@fﬁ}r%ﬁ% ﬂgﬂ@&ﬁuﬁ)fsic?r? Mi&e tu'si)ﬁ% W&wféﬁ %c&iai‘ritfﬁgtio

saccharification I ncubat | the mxture |1 qui dnat from
20C t@nB@fiefor from1l mnute to 3 hours; (g) carrying out, after

t he incubating, solid-liquid separation of the mxture liquid into a
saccharified liquid and a lignocellulosic raw nmaterial as a solid

conponent oR h@?r&*ﬁcﬁ @R cordiRds @[RE;, wABdin the lignocellilosicggRvering the
i gnoce I

separated | l'ulosic raw material as an enzyme-substrate conpl ex.
9. The matedalds hadwired kafl e, colivogd kofepyp.oneshaicd Ipaipmpalp deriybd fromyza

wherein the recovering conprises.the follown i).to (k): i
ter m mETRAREPYS ANt APCPIRST, SREE 07 B3 E’N\E,}wal}ﬁq‘&éfé%fndi ti(ozm in which 'Etha
|l i gnocellulosic raw nmaterial remains in an anount having a solid content

mass that is at least 40 tinmes a total protein nass of enzyne active
conporfent s dhemphedustior matotiacearidng teglajmd; or claim 2, wherein the lignocellulosic

raw material is a pretreated raw material obtained by pretreatment including heating treatment

under an acidic condition followed by neutralization.

4. The production method according to claim 3, wherein a content of hemicellulose in

the pretreated raw material is 50% by mass or less of that before the pretreatment.

5. The production method according to claim 3 or claim 4, wherein furfural in the

pretreated raw material is 1% by mass or less of a dry mass of the pretreated raw material.

6. The production method according to any one of claim 1 to claim 5, wherein the
lignocellulosic raw material is a pretreated raw material obtained by pretreatment including
the following (a) to (d):

(a) obtaining a raw material liquid in which a solid of the lignocellulosic raw material
has a concentration of from 8% by mass to 30% by mass;

(b) acidifying the raw material liquid Mth a mineral acid at a final concentration of
from 0.2% by mass to 12% by mass;

(c) incubating the acidified raw material liquid at from 80°C to 150°C for from 1 hour
10 6 hours; and

(d) adjusting, after the incubating, the raw material liquid so as to have a pH of from
23



(j) carrying out, after the termnating of the reaction, solid-liquid
separation of the reaction liquid into a saccharified liquid and an
unreacted lignocellulosic raw material as a solid conponent; and

(k) repRvesimgnbbe gefpprated lignocel lulosic raw material as an
enzyme- substrate conplex. 10. The production nmethod according to claim8 or

claim9, wherein the saccharification is carried out by adding a

harificat,i f £ : t ted. t.
T qui d-si do- it TERGREEN Pet o e GO tIR ST VEEE TG TPEALASS D HeRoq
accor dichiy hi@roehidtitadi@; nithesgd, hbiihosie ae1aabt dycdbibpihtien g fof the enzyne

active conponent separated to the liquid side in the solid-liquid
separation includes 13-glucosidase. 12. The production method accordi ng

to clag m8 cl aim.9 erein_a.saccharifiegtion enzs zynme
ot vah conpahsir oLt st st Rinaf AP BhbbP iR (FORNTE MR EOT T
separ %@d,eﬁﬁgt;mpﬁggg@ﬁ@fdm)mcg deb gt side in the solid-liquid separation,

which is recovered by filtration or purifjcation using a resin. 13. The
product i on rexveinmeaoptg lasidgryheosechirified digpidiands ligngpeHuigsic igMer ei n t he

har i fi . _ . | _ | ot
of conpaPiHal R 43 TBoief e R IR IEHERS Tkl MRl AR GR0S1 B 1O
cl ai matfive whigp@ientstdichecakcthirficatiorseragmenzyme m Xt ure having respective

activities of .endoglucanase, cellobiohydrolase, andii-glucosidase. 15.
The pr oduct K@ﬁfi%@@ﬁ%&&e@efﬂaf Hguidt SR Hreae3 Qféai%m ,n‘_ﬂwlfsf%? ROt
hem cel | ul af@ Lyl GRZAER e %E&Ha%n%ﬁs}éhﬁgidhﬁf& Gali¥ o PRE mikfur €8 Rl
xyl anase, xyfFosi dase, mannanase, pectinase, gal actosi dase, glua%ronldase
and ariafoi avatchasified tigasleand a lignocellulosic raw material as a solid component on which the
enzyme is adsorbed; and '
(h) recovering the separated lignocellulosic raw material as an ehzyme-substrate

complex.

9. The production method according to any one of claim 1 to claim 7, wherein the
recovering comprises the following (i) to (k):

(i) terminating a saccharification reaction under a condition in which the
lignocellulosic raw material remains in an amount having a solid content mass that is at least
40 times a total protein mass of enzyme active components of the saccharification enzyme;

(j) carrying out, after the terminating of the reaction, solid-liquid separation of the
reaction liquid into a saccharified liquid and an unreacted lignocellulosic raw material as a
solid component; and

(k) recovering the separated lignocellulosic raw material as an enzyme-substrate

complex.

10. The production method according to claim 8 or claim 9, wherein the saccharification
is carried out by adding a saccharification enzyme of an enzyme active component separated

to a liquid side in the solid-liquid separation.

11. The production method according to claim 10, wherein the saccharification enzyme
of the enzyme active component separated to the liquid side in the solid-liquid separation

includes p-glucosidase.
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12. The production method according to claim 8 or claim 9, wherein a saccharification
enzyme of an enzyme active component separated to a liquid side is the enzyme active
component separated to the saccharified liquid side in the solid-liquid separation, which is

recovered by filtration or purification using a resin.

13. The production method according to any one of claim 1 to claim 12, wherein the

saccharification enzyme is at least one selected from the group consisting of cellulase and

hemicellulase.

14. The production method according to claim 13, wherein the cellulase is an enzyme

mixture having respective activities of endoglucanase, cellobiohydrolase, and B-glucosidase.
15. The production method according to claim 13 or claim 14, wherein the hemicellulase

is an enzyme mixture having respective activities of xylanase, xylosidase, mannanase,

pectinase, galactosidase, glucuronidase and arabinofuranosidase.
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