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RG2S S5 RS E AR i 2 A0 Y. AR
R R AR AR 7 B S B, R U B e R B B
IRAFE T HE 2 FREENR, RESAE LR Iy T ik 89%,
AR S T S R AL S EIE T, AR R
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TPV S5 I 4 R I P B I AR S T RE
Xf 23 55 3 — g A A A A T R A A R R 1) E
HIUE SBIFFT, R e WY s I ATL B R S R ek A B R A i
R SO BRI S N AR MR RIS LYK (polymerase
chain reaction-denaturing gradient gel electrophoresis ,
PCR-DGGE) ${ AR Ny 457 IREUK AR 3 BT A 22 e
AL T A AR RO T EAN O SRS 1
OUT, RIS 2 AR BEAT 206, LRI S 4 Wl A 9 A
N TR A B) a8k, & ] L 7 41 4 A s R
HRASHE P ML R, PRI I Tl IRE 5V
V5 7K AL B A IR AR ) 2 R S O HoE, R
i PCR-DGGE $3 AW ST IR B 1 F2E il A= e A2 4k
FEEREAGA SN PAREIH T2, X3
REFF DA - AN R B, 4l B ) R v i A
HEER R AR U AT R

AHFFLUAF AR AN 4, KA PCR-DGGE ¢
AR HBEE ™ L2 AN R B 40 R V& 25 AR AL
PRVFIBE ™ i o 40 v A v RO ORI, AU OR IR AU T
P (R A E ) TP LER AN AR ) A U AR A B R R =

RZEECr

1.1 HmxEE&E
FOEERERCRE AN Z N SRR, W EEEET
P, R 1 ~2mm &M, HEHE TSR 33.77%, &
g 0.57%, B (TS) /T4 98.68%, 5KV
PR (VS) i34 91.39%, Koy 4 7.28%. HeFhisie
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I BRI A DR 58, TEle B K G
it 30 HifisH, 5 SE 352%, SRE 3.06%, TS Ji
EH16.69%, VS 50 11.97%, KoY T35 4.72%

¥ 32 g FETHAAHERMIALE 480 f5, A
200 mL JREVE AL TS V8, V5 RS N oA kS AR
12.5%, W54 pHAEHR 5, 37°C, 150 r/min 452F T it
TEA-HERE . A BB 44, 2507 0.
6. 12, 24, 36. 60. 96 h REEFEN, 4’5k HI-HT; 7=
HREB BE R T I 4 18 d, 203l 424 66+ 90, 114, 162,
210+ 258, 306 432 h KRN, S5 M1~M9,

1.2 5 DNA $2HL

K F] BIOTEKE Y 34 [ 21 DNA P $ BORA 5] & de
L4 DNA, B T-20CIRA7&H .

1.3 HEBERFERTE

W 2Lk 5 10 L R 241 DNA 1k 28 A i e X s o 110 A5
B, R 4 w4 S E 5 %t GC-F341 il R534, 5147
)4 Bk 5-CCTACGGGAGGCAGCAG-3* Al
5-ATTACCGCGGCTGCTGG-3' , GC ¥ 1 4 ¥
5-CGCCCGGGGCGCGCCCCG GG-3'

PCR 1k & : 10xBuffer SuL. dNTP 4uL. 5|4
(10 gmol/L) 4% 1 uL. 54 DNA 20~50 ng. Tag KA
(Takara, Ki#) 1.5U. K EaiKE55 2 50 ulo

P14 44 R H Touch Down PCR, LAMS N7~ i) Hs
Stk RNEMEWR: 94 CHIAETE 5 min; 94 CARME
1 min, 56~65 ‘CiE-k 1min GEKIREEM 65 CFEH
56 C, BAMEIRFAE1°C, 410 MEK G, B AIEERK
% 56°C) , 94 CAPE 1 min, 55 ‘CiBK 1 min, 72°C%E
i 1 min, 20 MEI, )5 72 ‘CHE 10 min.

1.4 PCR-DGGE 2#7

1) PCR =4yt Hiik % DGGE

PCR =W 1%35 NEHE S Ly A I B /N Rk
%o, HX 20 uL PCR P24 (£] 200 ng) 145 10 uL 5xLoading
buffer 515 HEAT HAUK,  LL2 B 7 F MG Ml R Bk 35 o AR 1
5, AR AN EAR TR K 40%~T70%, SR ML IR )
0k 8%, HiE 20V FilHik 10 min, HLE 130 V HLik 6 h,
MEETEE R 60 Co HIIKGE )G, HHKEL Gel-Red B a4
6,30 min, YEAEER)G T Bio-Rad USA 3845 704 -

2) ZAtr Rl K 4l

7E 345 nm K MR R AT RILE LA TIT,
Ve R R T Al K 2 mL BRSO, WS
BN 60 uL TE ZE0AT, 4 CIE 24 he B S uL [Afi ™
WIVE IR, EHE GC ¥ L& PCR 51%), % 1.3
JIEFRY . % TaKaRa Mini BEST DNA Fragment
Purification Kit 4T PCR r=# Rl 2lift. .

3) walEnl P

DNA A=A 10 uL, I 100 pL IM109 J&5Z2 35
A, FN 890uL SOC HiFeL, 37 CIR¥H:EFE
60 min. &4 X-Gal. IPTG. Amp ] LB “FH ;75 |
B IR, TERCRRET . PO AR P I SR, R
NIAENPTEER LB #5584, 37 °C, 250 r/min, 1535
10~14 ho AT FURHEHL, KA 3730x1 PP Wl

7245 AL GenBank H 3815944525 . FIFH BLASTN /7
XF W 5 AT R PE 23, SRAFAH DGR & 17 515
1.5 DGGE EiE+B{AE S #7

%54 Image], Mathworks Matlab v7.1 BLX& PAST &
4% DGGE 134T 73 # - 1 56 Imagel KX DGGE
K574k, T LL Mathworks Matlab v7.1 %445 $ 4k,
BTN AT AL TR, )G F PAST ARAEHUR L LR
BAE A SHOHAT RIS T
1.6 SAE

VS. TS. KA RHAMELENE. B E R
AKIENE, SAMPLEERERH SP-6890 A AHE IR
Mg . FERMENRIIR (VFAs) M Clarus 500 %S AH
WA, GC-FID FLEHEFEEIE o

2 RSN/
21 BRESERTBEEMT LR
A RS 2T 4 2 AL B AT DR SR

e, B 1a Ros SRS bf I () (ARG, AT
WA B B 0~12 h, BRBFEAER#E LT, 12h )5
PEREMERE, AN BRE KB EL T
42.5 mL/g, AXTRALN 3 6%, Ho ARFR 340 12 h IR K,
IKF 52.1% . (77 FBEHT B, B T 4] SR A=< bl
AR S BT, 353 h B A E & A, 1A% 137.5 mL/g,
SEXTIRALN 5 A5, CHy MR B =il 68.4% . T,
ERA Y R IACE G A M b B .
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Fig.1 Cumulative biogas production and VFAs concentrations
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2 IR TR TRER iR

d. = el B VFA S &
d. VFA content in methane
production stage

VFAs #2725 35 PRAE R B Iob R = 1 o TR AR 420,
Kl by 1d iR, SEfETIACES VEAs & & B, 7~
FHENBLIN VEAs Srim e S, HIE RS
Bo PEME, R EEU TR A E, SHD
HOBRMKIR, B THAN TR K. r=HHmne, b
e R AT T TR A R gD, INIR A G R
TR BT R R AN R L
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YKL A % VEAs, RIBEITIR. LR FiRpdt—
SR, AR R R AR, (AR o
B, RIS A K T AR MR N IR IR
2.2 A7 DGGE B4 4

AR DNA 253 PCR 4784 5 (074 7 Be 4y
BIFE 230 bp ZiA7, 4 PCR PPkl il G aliAk A s i
FAFE 338 H T 5 4L DGGE 4347

DGGE KW 4 % H « 5B ST A B T FE
i PRI REA T 2 AR A R, e EEIE AN
WARK M EY, 4 S H R SRR 2E KA
SR IERY . hgiE DGGE EIRErran (K 2) , R4
e T B A B AR, SRR AE 30 BLE. IREUK R
RFEE A, BCEYIN R AT I B, AN
IR IG, R 5 2R AR e .

H1 H2

H3 H4 H5 H6 H7 M1 M2 M3 M4 M5 M6 M7 M8 M9
- : |

l.

I HI~H7RRF=E B i, M1~MOR IR A BrE i, 8 4
W5 o e

Note: H1-H7 represent samples in the hydrogen production stage and M1-M9
represent samples in the methane production stage, the number is the number of
band. The same as below.

B2 mlgn, JRECKBEAFM B DGGE £ fpds
oA A7 0 S 22 e, P2 A BRI AN R R R H = T
FEHBERT B, 45 44 64 74 114 124 134 14, 15, 16.
17. 18, 19, 20. 23. 25. 28. 29. 30. 31 K 2 M
B &y, Hb, &0 6. 7. 144 15, 23, 24,
25, 31 /A M B R (UkiE H4-H6) SLEm. %
R, 4 4L 11, 124 13, 164 17. 18, 19, 20. 30
7 e Y BERR A B3, AN TR RSO BT 8 Bk T 4N T 1A
e 22

26l 244 28+ 29 1R BORN T F e B R v
AT RE T AU B e A B Y B IR O B AN
WA MRMED K, B2 ZE. 4407 1. 54 8.
21, 22, 26, 27 R/ EM BSR4k, gy 14X
WA~ E M B L TH Gkl H3) , B RS v
1T, ZRFE RIS, 44 20 3. 9. 10, 32 B LA
HLEBY B, A&7 e B B IRREE S B ) . JkIE HT. ML
M2 =AY B 1 7 G I B o Y R 1 A A
%, MW BUARH 20 SRR, AR 24, 25 HHABN B
ML R REBRAG, 45717 23 26 27 SeEB S BB,
AL, PR BB P R B AR R R R AR T R
RIE AR A
2.3 ‘HEBFEMBMNIES

FJFH BIO-RAD QUANTITY ONE 4.6.2 {14 4 15
K, R R ¥ (Dice coefficient, Cs)it& i MRt
T IIARABATE o

Cs=2j/(a+b),
Ao j OAFES A FI B R4, a R b 5 AER A
B & AT E. I RECh 0 CRA M) -1
CHPA 4T MDD « 4l Complete Linkage 5.2:%F DGGE
ZA AT IRE T

IREUR A [ B 40 s BV IRAR B Cs (3R 1)
RN (B 3) RWT, AHARIS TR A B A AL PR A v, 5
h—3K, Cs BAK, ARFEAAEERN, 308 PRA ™

B 2 %9 DGGE /& &k B %
Fig.2 DGGE profile of bacteria produced from different sample RERE AR AR 28D T W] I B A AR A
F1 ETEHHRE (Cs) BHEINELERE

Table 1 Similarity matrix based on Dice coefficient for DGGE patterns %

M9 M8 M7 M6 M5 M4 M3 M2 M1 H7 H6 H5 H4 H3 H2 H1

M9 100.0 44.6 45.7 51.5 56.2 49.1 52.6 30.7 45.6 53.4 40.6 48.7 44.2 437 36.7 42.8
M8 100.0 71.5 69.9 56.8 52.8 47.1 38.3 479 49.8 40.0 46.6 46.1 44.5 33.6 37.5
M7 100.0 87.4 73.0 70.8 62.2 41.3 56.4 54.5 52.7 54.0 57.2 56.9 42.1 39.2
M6 100.0 77.7 72.0 65.6 42.6 57.0 61.2 53.7 58.1 61.6 57.5 44.5 44.2
M5 100.0 71.7 76.8 437 63.1 66.4 57.5 62.1 62.9 63.8 50.6 50.1
M4 100.0 83.2 437 63.9 65.4 56.1 53.1 55.4 58.5 48.1 43.7
M3 100.0 56.1 734 71.9 57.4 62.9 59.2 60.7 49.1 50.0
M2 100.0 65.6 61.3 40.9 47.8 40.6 40.0 36.7 49.6
M1 100.0 77.1 52.3 59.3 52.9 58.8 50.8 549
H7 100.0 61.3 66.9 60.1 58.4 62.8 61.2
H6 100.0 81.4 80.5 80.5 61.1 57.0
H5 100.0 82.9 82.1 63.6 63.9
H4 100.0 83.6 66.0 55.0
H3 100.0 61.8 57.5
H2 100.0 63.3
H1 100.0

e MO~MI FoR7= R B i, H7~HI1 R~ 20 B

Note: M9-M1 represent samples in the methane production stage and H7-H1 represent samples in the hydrogen production stage.

e e e

EreE e, R ER S5 AR e, Cs fHoA 83.6%
(JKIE H3, H4) . 2B )al, Cs HixtsisE, 259

4 82.1% (ki H3, H5) . 80.5% (Jki& H3, H6) , 4l
B RIEARLRFEAAS 7= e e 1, FER 45 R0 Cs {E
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B, M 87.4% (JKiE M6, M7) , 7= Hike)E i) Cs 18
F L 69.9% (JKiE M6, M8) , mJ UL, 7=l e 1]
M AR SRR e, TRUE T P e 03T,
Bl AR TR T B, TIORBE 4k, TR 2 4
PEIG 5, 7GR ] Cs (HAUA 51.5% (JKiE M6, M9) .
SERRH, PR BT, AR A AR AR N Al
PRI, B N (RN AE G, A E A 2 RS n,
TR 23 I AE = S W SR = F e e S R AR, RN AH
PER R, BRI, AR R R, T, R4
B AN [R) B BB 1) B P 5 20 A 2 40 R R 5 M R I
JE PR 22—,
2 1) A BE

Maximum distance between clusters
045 0.60 070 080 090 1.00

B3 @ DGGE Bife) R ESATHE
Fig.3 Clustering analysis for DGGE profile of bacteria

2.4 MERELSMSN

Xof PREUKR I ANRIB BB RFAE AR i B AT I, 4
J7 45 RAAT Genebank HEAT LLX 5 3R A3 LU &5 LR 2. 46
BRI, 32 AT, 28 A5 GenBank 1 & 175
[FIVRTE T 98%, Horbr 6 A H AT MR RAFLLET R, 2 A
PEPEACR 94%, TRERIX 2 AR N J& (B A

PREIRG™ g8 PRl 21 41 7 322545 Sedimentibacter
Roseburia. Methanogenic. Pseudomonas. Eubacteriaceae.
Clostridium . Anaerostipes « Enterococcus .« Chloroflexi
bacterium FESG FIEA AT B 724 Y) . o Clostridium
thermocellum (5577 20) J& THEMETYEZ TR, FATIEMLTYE
P EENIIRE, RN R R AR A
Enterobacter aerogenes (457 28) J& TS kfid, &—Fh
HAT R0 20 ) et RN B, e T g Al
i, SRR A, Sedimentibacter (454 29) J& T
PP GRW, SRR IEILA, AR AR B
=N T o =y W = NN (5 LN

454 DGGE Kl o0, 7 SlBrBOR™ Gl B 4i i
T ) HE v 25 ) R A B W 2 B o Clostridium
clostridioforme (4%7if7 1) (IR =& @ Ukl H3)
AN B A4 . Methanogenic prokaryote (4%
5. 8) , Clostridium aminovalericum (%77 10) , Bacillus
(45715 26) , Clostridium beijerinckii (55747 27) J&r=Z BBt
RRFA Y, A BB m . B A S,
Uncultured Synergistetes (%77 2) , Roseburia (5547 15)
Enterococcus faecium (457 9) , Clostridium aminovalericum

A 2D AR e Be B, 527 ek B RS A il B

%2 HE DGGE &£ F5Iay bt R

Table 2 Blast results of band sequences of bacteria

i AR B KR & AHAAPE S K R
1 Clostridium clostridioforme 17  Bacterium
2 Uncultured Synergistetes bacterium | 18  Anaerostipes
3 Roseburia sp. 1120 gene 19 Uncultured bacterium clone
. Clostridium  thermocellum
4 Anaerostipes sp. 992a 20 strain CTL-6
5 Methanogenic prokaryote BI9_149 | 21 Sﬁ;’f:‘dl“m aminovalericum
6  Pseudomonas sp. UA-JF2901 22 Chloroflexi bacterium
Pseudomonas  syringae  pwv. Bacterium enrichment culture
7 R . 23
syringae strain Tk21R clone
i Clostridium  xylanovorans
8  Methanogenic prokaryote 24 strain HESP1
9 Enterococcus faecium 25  Comamonas sp.0IXTSAI2A _HI0
10 Clostridium aminovalericum 26 Bacillus sp. JCA partial
11 Pseudomonas 27  Clostridium beijerinckii
12 Clostridium fimetarium strain 28  Enterobacter aerogenes strain PS
13 Uncultured bacterium clone 29  Sedimentibacter sp. NP2
14 Uncultured bacterium clone 30 Clostridium sp. BIP1
15  Roseburia 31 Eubacteriaceae bacterium DY1
16  Uncultured bacterium clone 32 Uncultured bacterium
3 i g

PR AR F e e Al e 2 A A LA
s B K5 AN B SR R o S5 A4 ) o RE R 1)
TEFR . THAEDBER S5 M I LR R RO B, w7 L
BA MR EESTEE . AR H PCR-DGGE HAK, 4
BT T P B REAT R = AN R BORE b rh Al e VR AL, L
T AN BERAE I TR AN 2 () s 48 K. 4% DGGE i
BT R, rabr B mis. BEmEwya e
HEehh B, RIVH T EENRMEDZ M. K2 H9m
UREAFAE T DA I R, B R RO 55 (1 e 3L
A2 PR P R I H AL

X} DGGE 4 ATAHME 34, THEE Cs R, IR
% Complete Linkage HVERHATR I T, IR T P&
ANTRIBY BA: it v 40 BB PRI A . = BT, 4
PRRER AN AN TR D, Bl DA R e
1T, MWEHH 2, Fam B RS RL 8 s
42.5 mL/g WA AR R, Cs {Hh 83.6% (ki H3,
H4) o v, PAE =Y, Behid s e
B BEEARAEDN, BEAE ROV AT, 18N SO B
NP AAF IR B, BRI, LT A B
MG, P2 e ], AN R AR AL B
B e T, BB RER R 137.5 mL/g I,
Cs {liL%] 87.4% (JKi& M6, M7) , BER&HFE, 7°H
LA B Cs HIRKE 51.5% (GKiE M6, M9) o 7= FREERTEL,
BEAE AR RIS (AR, AR S5/ I DD e R AR
TR, 5P PRGN R R, TR AR
B P SCERIRERY, =B Be i
FRFE B A E ) 2k e, A R R TR DA A
SERMGRAIE = e P B R 38T

KR F T, AW DGGE # Kl rh AR BEs
BEw s FRERIISAT AT 0T, 456 Bl B VE s A
I, Clostridium thermocellum (45747 20) J&—2KH A%
fiR 4T Y Z PR R I RE VG AT YE R, X 2B R FF I £ 4
ARk ) T2 Y, Clostridium beijerinckii( 457 27)
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BT HRKREE, a2 BRFERER R, & abBm
ALY, Trevor S5 28 5T RN, SR F Rk Pk 9 Kb 1
5 Clostridium beijerinckii I 45 25045 i AR BEI A0S
FZiE . Enterobacter aerogenes (5577 28) PR AT AH
EU PR AW )T, Batista 45l i 2 R0 Enterobacter
aerogenes 5 B by 2<  Hu 259 EL# T Clostridium
butyricum , Clostridium pasteurianum , Clostridium
beijerinckii Al Enterobacter aerogenes 55 4 Ff = &1 B 1) R4
FEEWE ). TRETT SRRV RALE FRAESAL LA T A TE
FEFN = Fpe s B2 (), Thie BRAEA FR FEMM—2
AR, AW 4% 29 Sedimentibacter J& T IHERAL A
WEY, R HHEARLELARNRE. Pl Bz
5 AU G TR E T, ER AN R AR S AL
1) Z Mg 4 it S22 A BAE R SEELK,  Enterococcus
Faecium (55717 9) J& T IRIGEKTEE, Resl il 24,
PRAE = F R B pH A R Bl

pUIBOR D AW o7 et i W/NE= NS TRE O s REAHIN =K G o7 3
BAEA, W =S R B R A, LA
PR A i S L B S R A HE , AT K
FEHASHT R S AR BB AT (1) L 2 A SR

4 % it

AR PCR-DGGE AR 7 25 A AT IR AR I
=/ -FE I Rl A0 BRI AR A 5 R R A
MG AN [F Bt DGGE Bl R 4% AH DG 43 vl 41,
W= B AR s, 40 S8 30 LLE, AHALHS
B B AR R, SR 2K, A ST R Cs A
e, U RAEUR B R A B 22 1 T B ) I P Bl 2SR
Bro Horp, P BERT IS A AR RSN . Fhdg b,
Bl SN TR RE G, T AE YRR TS 22 I = A =
FpE IR R RS, IR o, 3107 FR e RN,
FRRAE PR PG . P45 SRR, 7E R i,
Clostridium thermocellum W& HWET- 4k 2 18 B AT [ A8 1 FFEFT
£F4E I LBE, Enterobacter aerogenes J& T~ S i,
B SO A T IR AN S, Sedimentibacter
A SRR LE AN A W, £ LK
AN EZEE.
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Bacterial community structure succession in fermentative biohydrogen
with methanogenesis integration from reed straw

Jia Xuan', Ren Lianhai', Li Mingxiao®*, Xi Beidou?, Zhu Chaowei?, Zhao Youcai®
(1. Department of Environmental Science and Engineering, Beijing Technology and Business University, Beijing 100048, China;
2. State Key Laboratory of Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental Sciences, Beijing
100012, China; 3. State Key Laboratory of Pollution Control and Resource Reuse, Tongji University, Shanghai 200092, China)

Abstract: The two-stage coproduction of hydrogen and methane using cellulosic biomass, such as reed straw, is a promising
technology for achieving energy saving and emission reduction and developing a circular economy. The enhancement of
hydrogen and methane coproduction from reed straw under enzyme pretreatment was evaluated during anaerobic fermentation.
The effects of cellulase pretreatment on biogas production performance and intermediate metabolites’ characteristics were
investigated in this study. In addition, the combination of polymerase chain reaction (PCR) amplification of 16S rRNA genes
with denaturing gradient gel electrophoresis (DGGE) analysis was used to study the composition and succession of bacterial
community in fermentative biohydrogen with methanogenesis integration system. The results showed that the maximum
accumulative biogas production and hydrogen proportion were 42.5 mL/g and 52.1% respectively in hydrogenogenic stage.
And the maximum accumulative biogas production of 137.5 mL/g was 5.36 times higher than the control in methane prodution
stage. However, the highest methane proportion of 68.4% in control test was similar to those under cellulase pretreatment.
Therefore, the cellulase pretreatment has the benefit of structural damage on refractory organics while improving the hydrogen
production potential in this study. Usually, hydrogen and methane formation is accompanied by volatile fatty acids (VFAs)
generation during anaerobic digestion process. Hence, the composition and concentration of soluble metabolites produced were
useful indicators for monitoring the hydrogenogenic process. The investigation of the soluble metabolites at the end of each
stage showed that the main VFAs were distributed under cellulase pretreatment compared with the control. The composition of
VFAs in hydrogenogenic stage was butyric acid and acetic acid, indicating that butyric-acid type fermentation was established.
During the methanogenic stage, the butyric acid was consumed and the propionic and valeric acid were produced more. These
results showed that cellulase pretreatment might be attributed to the diversity of microbial populations in 2 stages after
enrichment. The sequences of 16S rDNA DGGE predominant band fragments were determined by comparison with NCBI
database. The DGGE patterns showed that the 2 stages experienced different microbial community structure changes during
the period. Early in hydrogenogenic stage, the low similarity of bacterial communities was observed. And then the high
similarity with Deiss coefficient of 83.6% (lane: H3, H4) and 87.4% (lane: M6, M7) was obtained in peak production period of
hydrogen and methane, respectively. The Cs value was reduced to 51.5 at the end of methane production stage (lane: M6, M9).
The majority of the sequences obtained were affiliated with Clostridium thermocellum (Band 20), Enterobacter aerogenes
(Band 28) and Sedimentibacter (Band 29). In hydrogenogenic stage, the dominant microorganism was Enterobacter aerogenes
(Band 28), which can produce hydrogen and dramatically enhance the hydrogen production performance. A
hydrogen-producing acetogenic bacterium of Sedimentibacter (Band 29) was also the dominant bacterium, which can produce
hydrogen and acetic acid in hydrogen and methane coproduction process. The dominant microorganism of Clostridium
thermocellum (Band 20) existed in 2 stages, which can degrade cellulose and play an important role in reed straw utilization
process. Hence, the maximum cumulative biogas yield and proportion were increased dramatically under the cellulase
pretreatment, which directly impacted the hydrogen and methane production ability. The result provides an important
microbiology theoretical basis for the biofortification in biogas coproduction process from cellulosic biomass.
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