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Aerobic biorefining study of biofuels and chemicals

Abstract

Lignocellulosic biomass is widespread and cheap renewable resources and could be
converted into kinds of bio-based chemicals by pretreatment, detoxification, hydrolysis,
fermentation, separation and purification. Current biorefinery research mainly focuses on
anaerobic production of few bulk chemicals (ethanol or lactic acid). However, aerobic
fermentation is essential for producing microbial lipid as feedstock of biodiesel and aircraft
fuel and chemicals (sugar acids or citric acid). High solids loading is inevitable choice for
achieving high product titer and low process cost in lignocellulose biorefinery. However, high
solid content aerobic fermentation still exists many key issues. High solids loading can
significantly decrease mass transfer rate, hence leading to oxygen transfer limit and mixing
difficulty. Oxygen transfer limit and high inhibitors stress at high solids loading can impact
strain fermentability. Tons of solid particles can cause operation difficulty of separation and
purification and low product recovery yield. These issues hinder efficient implementation of
aerobic fermentation, hence restricting application category of lignocellulose biorefinery for
producing more chemicals.

This study plans to break technical obstacles of acrobic biorefinery to achieve efficient
production of various chemicals and biofuels by aerobic fermentation. The study firstly
analyzes oxygen transfer characteristic of lignocellulose system at high solids loading for high
product titer and proposes a solution for oxygen supply sufficiently in high solid content and
high viscous lignocellulosic slurry, finally obtaining high titer of cellulosic sugar acids, citric
acid and microbial lipid by technology optimization, process control and strain screening,
which provides more application schemes for industrial biorefining technology.

The first part of the thesis focused on investigation of oxygen transfer characteristic of
lignocellulosic hydrolysate slurry at high solids loading to propose a solution for aerobic
fermentation in high viscous lignocellulosic system. Oxygen transfer performance was
evaluated in lignocellulosic hydrolysate at different solids loadings and a decrease tendence in
oxygen transfer rate was uncovered with increasing solids loading. However, oxygen transfer
rate could be significantly improved by adjusting operation conditions such as hydrolysate
time and agitation rate. Gluconic acid production by Gluconobacter oxydans is ultimately
hampered in oxygen transfer rate, but it still could be efficiently achieved in high solid
content lignocellulosic slurry (30%, w/w) at moderate operation conditions. Computational
fluid dynamics model was established based on rheology of lignocellulose slurry for
optimally designing aerobic bioreactor and then achieved mature gluconic acid fermentation
at low mixing energy consumption.

The second part assessed aerobic fermentation for sugar acids production. G. oxydans
could utilize all lignocellulose-derived sugars including glucose, xylose, arabinose, mannose
and galactose, but cooperative utilization of these sugars only be enforced by whole cell
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catalysis. A long term adaptive evolution of G. oxydans was carried out in this part for
intensifying utilization efficiency of non-glucose sugars and tolerance for high inhibitors
stress and achieved the conversion of all sugars to the corresponding sugar acids by aerobic
fermentation. Evolved strain obtained about 180 g/L of sugar acids using corn stover at
extremely high solids loading of 35%. Cellulosic sugar acids reached to similar yield with
starch sugar acids production and could compete partly with starch-based product at process
cost based on techno-economic analysis. Cellulosic sugar acids presented excellent retarding
efficiency as cement additive, showing well application prospect in construction industry.

The third part attempted simultaneous saccharification and aerobic fermentation (SSF)
for citric acid production. The mycelia of the filamentous Aspergillus niger fungus entangling
with the rodlike corn stover fibers strongly intensified the viscosity of fermentation slurry,
potentially worsening oxygen transfer performance. However, the SSF for citric acid
production still could well be achieved by adjusting fermentation parameters. Finally, SSF
produced 136 g/L of cellulosic citric acid, hence improved by 36 % comparing with current
level, possessing the potential for industrialized application.

The fourth part investigated simultaneous saccharification and aerobic co-fermentation
(SSCF) for microbial lipid production. Based on lower density of higher lipid content cell,
this study proposed a new strain screening strategy for obtain high-yield oleaginous yeast
Trichosporon cutaneum, ultra-centrifugal screening. This strategy is carried out by
centrifugation for obtaining the lighter cells after culture as the seed for the next round
culture. This study used this method improve by folds lipid content in cells, also induce cell
morphology evolution. Screened strains (7. cutaneum MS28 and WL97) had more precursor
Acetyl-CoA and coenzyme NADPH in lipid synthesis pathway than parental strain (7.
cutaneum ACCC 20271) and better mutliple sugars utilization. These results demonstrated
excellent lipid accumulation of screened strains in different aspects. Screened strains had
larger cell volume and thinner cell wall than parental strain, and lower glucan content and
mannan content in cell wall composition. These changes on cell morphology provided more
space for lipid accumulation. A hydrostatic model was established to represent ultra-
centrifugal screening mechanism and demonstrated screening efficiency and universality. This
strategy could be suitable for screening light oleaginous cells, also heavy cells producing
polyhydroxyalkanoate.

Screened strain 7. cutaneum WL97 could utilize all lignocellulose-derived sugars by
SSCEF to produce 41.6 g/L of lipid at solids loading of 30%, while parental strain only could
partly consume glucose to generate 7.5 g/L of lipid. Finally, this study used screened strain by
SSCF coupled with semi-continuous fermentation produce 46.7 g/L of lipid, which improved
2.9 folds than literature report, hence reaching to the leading level in the world. Almost 5%
lipid content in fermentation slurry had exceeded the minimum threshold oil content (3%,
w/w) of commercially recoverable oil field, with potential industrial implications. Special
separation of oleaginous cells from fermented lignocellulose residual was achieved utilizing
the hydrolysis of cellulase into fermentation slurry.
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Overall, this study solved key issues of aerobic fermentation in high solids loading and
high viscous lignocellulose slurry, and implemented high performance production of biofuels
and chemicals. A solution was proposed for sufficiently oxygen supply of aerobic
fermentation in high solid content and high viscous lignocellulose slurry by analyzing oxygen
transfer characteristic. Cellulosic sugar acids production by aerobic fermentation was very
close to starch-based one at extremely high solids loading. High titer of citric acid production
by SSF was firstly achieved by A. niger, and improved 36% of citric acid yield than previous
reports. World-class cellulosic lipid was implemented using excellent strain obtained by an
ultra-centrifugal screening. These high target biochemical productions substantially expanded
industrialization path of biorefining technology, and strongly established basis for commercial
application of renewable resources.

Key words: Lignocellulose; high solids loading; aerobic fermentation; sugar acids; citric
acid; lipid
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Fig. 1.1 The whole process of lignocellulose bioconversion
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Table 1.1  Overview of common pretreatment methods(*4!
Methods Typical temperature Chemicals Effects on Effects on lignin Effects on cellulose Examples of upscaling References
and reaction time hemi- attempts
celluloses
Hydrothermal = ~170-230 °C, 10-30 None Partial Slight removal Slight crystallinity Inbicon (Denmark) [18]
pretreatment min solubilization increase
Hydrothermal = ~120-230 °C, from a H>SO4, HCI, Complete Disruption and Partial depolymerization, logen-Raizen (Brazil), [20-22]
pretreatment few secto~1h H3POs, hydrolysis redistrbution, slight crystallinity POET-DSM (USA),
with dilute organic acids slight removal increase Iogen (Canada), Blue
acid Sugars (USA)
Hydrothermal  ~160-230°C, None, SO, Partial to Slight removal Slight crystallinity Sekab (Sweden), [20, 22, 45]
pretreatment ~1-30 min H2SO04, complete and modification increase Abengoa (Spain), Beta
with steam H3POs, solubilization, Renewables (Italy),
explosion NaOH deacetylation Verenium (USA)
Mild alkaline ~25-180 °C, from a NaOH, KOH, Partial Significant Crystallinity  decrease, DuPont Danisco (USA) [19]
methods few min to several Ca(OH), solubilization,  removal depolymerization
weeks NH4+OH deacetylation
AFEX 40-100 °C, 5-45 min ~ NH3 Deacetylation Structural Crystallinity increase DEINOVE-MBI (USA) [19]
changes
Chemical 90-250 °C, 30-60 min Depends on Variable Extensive No removal, but degree Borregaard (Norway), [46,47]
pulping (Kraft, process removal removal of polymerization and Lignol (Canada),
sulfite, soda or crystallinity affected Chempolis (Finland)
organosolv)
Oxidative From room O3, 02, H2O,  Partial removal  Significant Partial depolymerization, BioGasol (Denmark) [20]
methods temperature to ~200 removal marginal crystallinity
°C increase
Ionic liquids ~80-130°C Ionic liquids ~ Solubilization  Solubilization Decrystallization - [48-50]




%4 HEFET KPS

Ak R B IR AR H & A Tl A R A 7 30 AR S0 = AR KT TRAR B k)
P B T T IR R 15 B — MR BE B EE (dmorphotheca resinae) ZN1, IR BLHAT IR 26 F4 A
Z AP0 2E 3 [F) B OR BE AT R BB S An A RE S 0538390 E i, SR ML B IR 2 S Rk AR
PEIR R AT 4R R LB B C S TN FORH A P2 KT AR 24200,

TRAL B % i 5 J5 R AT CABEAAS 21 ol T 5 SR R e Al . iR & (215%,
wiw O BB A T DA IR A P AR R T 7 i A B 3 T B A S 8 1 23 B Al A AR A R AR
DAL it 2 A R P AR PR i SR B 10, AR v [ B 2 S BUKE D IR A HRAE X
A TR A% AR S AT A A 45 i) 41 42) . Zhang 213 HIE S g [ & B R 2 4 n 17 K5
LU AR R AR ARTE BARCR R T AR RABCR, — M2 AR SEIAR I IR A AR . —
ol v TR A5 5 B A MR S I Al R UL AT DA L S v ] R A R VR A T SR, BLTE 30% [ 14
B NS T ARG 0 R B S RBREEAN, TRIT AR U T v A R A A A A S ) )
R A R R A BT R B DR R I 7 AT . Liu 25RO 52 T [ 4k 2
B NAYER CRERIEFE D), RN RERT ERE 35% A & & R AP ] T Al
2F 43 CBEF= & (101.1 g/L). Qiu 5Pl M TR S0E T FLME Bk (Pediococcus
acidilactici), 3] LS8 AR A BT A1 45 2 SRR I ETHEAARRE, 75 25% Bk & & T
AFEREIT 973 gL 1 L-AMR. BT A E RS BRI A 4E 3 R R AR A 5
], g [ Ak 2 B T R A SR R RS e o AR B AT [ B39 A5 PR K ARV VA RSB, R
AN AR S B EORERE M8 R 3 0 T AR A

12 FERBEIENE LS

IR KR A ERIMEE T A, 2 T 2MORE T A, tn. 4
EREIR . MR BEBRABAEYI IS . BT RRZ R RS R T AR
JRET Y 2 IR AR R EAT R B, (ER B 3 S 5 7K AT R [ 3 B AR AN T
B o 23 OB R, DR A B 7 i PR P B R B, IR BR ) 7 AR PR 2T 43K 7
MAL NI ERE . [FRE AL 5 A e R AR A e Se B AU I S R B e . 9 T
SEHL R TR AR AP DA ARSI 5 SRR 0 B AU A, e [ A 5 B A I R W k) Tl
WAIRIEFE o A ey ] A 35 B M B 2 S 2 SO A IRV ) SR A B =, b T 3 S SRR
R FFCE R BRI Freitas SEPIE T = AT A ML o AU T I 15 D, A BRI
A B P 2 (3 M PRI SRR A 38 26 . Chen S50k — 2B R IILAE 10-30% [ 475 &
0 B P R A RTINS AR T R U R, PRI 1 RS 3 T AR AU P i
s R B e AR BN 1O R RS R BRI 2 T A IR BLR G N e A 5E 2
KRB AT e R UL R PR I E 22— 534k, BORL R 2 5 th
XA S AR A S R, R RO BOOBANA TS AR DY . R LT 4ER )
RN RS B 26 B A IR 1] P T ARG, (R TR A IR TR 4 [R5 WAL B REOR i 5,
AT iR R R B e AL BEAT, WCTBTRE A I 8] ] 82 S M0 (R0 WAL 55 07 e R B B A R 1
HERERZ



LRI KPS %5 T

Gas film

Gas-liquid interface

Stagnant liquid film ST
around bubble

1.2 SR NSEERIAMPER 5
Fig. 1.2 Steps of oxygen transfer from gas bubble to cell®”]

SRS 1 TH R 2 T R IR R TP BE P AE AR B 5% o Ferreira 5505 I BE 5 A <%
IBIECR M 5SS h K F 7ht, BRIREERE (Yarrowia lipolytica) F) AL H A P2 15 IR )45
KL T 7.8 fif . Calik FPEE TSN WA B (Brevibacterium flavum) 7245
T S I R AR 2 R 26 o0 U IR 5 15 DL AR L UR: B flavum AEAIRR AR I8 IE
RIFA T B A T AR R A B R AN LR, T A v AR AR BRI T S A K )
I RANBEAAIR . PRGN 1SS R B I UK B AL, 2000 e [ B AR R U RUA%
HIR BT R R R (B 1.2). Axd, HRTH R ORI BRI E R IS E
B3 LA AT 5025 5 o ] v R AR T 2T 4E R AR R A AT 3B T

AR N E H AT OA 2R 07PN B — G E R T VR A R
JUIANREZER: (O EAEAE RS M (2) SV B XRHUR -5 (3)
KRR R (4) TV AE R, E38) — B0 b BRI P4 P LR IR Dy

%-?ZOTR-OUR (1-1)
Horp dC/de AR A S EEE, OTR AN SAHBEAFEEESRE, OUR 2
Y/ ERERIEE Zcbr B2

KERI> GBI I E T 55 T R AR YUY 7328 o FEAAFAETUAEY)
AP EAFEE NPT, A RBA KA, HE OUR=0. A (1-1) "JfEA:

dd_fsza'(C* -C) (1-2)
Horp CHRMAI A, C A2 ¢ I ZI B IR

WIS B8 A S0 5 ) T ¥R R A A S RN B v o A S R B S AT 2 A
7%, FEAFE NapSOs EfiEM CO Wi, NaxSOs i fbiEH: T NaxSOs fEREFIIE
F R o] DARIE A S80S R AR i NaoSO4 [ R ER HEAT I 5E 190, NaaSOs W FEAE 0.04-1 N [l 4
ER eIV UpT < S VS VP Y BUE € =R = VAP 1 il = A= 1P S N R R W ST L



%6 HEFET KPS

BRER DR AR A s R A ) A A R N 2, R R I AN AR ) R R B AT A5 3
AR EALIEE R (ko). WS R E SR VA IR 1 N NaxSO; #1220 10° M
Cu?', GBS ATE MR BB, 2 55 (Rl SRR I BIEURE . 3 ol E b i
WA SRR S, T SR PR HE NaoS203 W 7FI3EIT 1 € DL I E SOs sk B &, i
M3RTF SO TR HEE R, I ka PTHAS (1-3) THEE

dCNa SO. *
o oM . 1-3
it 2k, a-C (1-3)

CO W 25368 3 00 g B P 2 8 1) C O W B 26 (] 42245 B S SR I T 2 . COL i =
fEb AR A o~ A X5 2
] 1 dCCOZ
2 dt
Horp kAR BE 20 °C B 5-10° L-mol s,
ARRRMEILER (ka) A5 THEBS H S5

kalo, _ D,

=k a.C" [k-Cgo, (1-4)

(1-5)

kLa‘co2 - Deo,

AR QAR BRI B s N2 SE MR A I T, b i AN ddt
WO T 5 26 46 23 o A 2 B AE ) I BE2S N () S UAR s T 8

) BRI 5 v 10 T A PR AT ] I AR R B AR I AR R AR BE AR AL LA E K
B, X2 H Fi e T 2 e B 7 VRS, s SR s i N R ECE
I0 NaxSO3 6 BR VB ARV 40, 1T 5 B8 N 250 L v A2 Bt eF 1) 1) [0 5 0 45 21 ka1
1641, BN A S AR I B2 A 2 SOR BB AA S, T v N U DA i A B
PR TR TR AT (1-6) T kia fE:

*

c -G, —
In cC - -kLa.(tz-tl) (1-6)

Horh Cra2 0 N ZIREAIKREE, Co & o I 2 S AR E

UG R AR B SR R R AR ) IONE A AR TBOK ) B B THELAAR )% (CFD)
B AT SE LAY I N s B I 2T, 1 CFD AUl 45 5 AR A 1 AR R i B e 1
AU T U SRS 1) a2 105 ©61 S T S KA BT WA T R A BUA &R, Acien
Fernandez Z¢17IF1 Chistil®:% H a1 A s B AL s

2 0.5
k a=3.378x10" [&f“’j age-O-mcsz (1-7)
H

Hrp g REJIEEE (m/s?); D &S BVEAHR T3 R (m¥Ys); pr 2 AR B
(kg/m®); o RMEKS) (N/m);s w AWARE (kg/(ms); ag SHERITE (%) Cs
S RIF R AR (wiivol%) TESIEZRN 0.

Bird Z¢1911960 45 th 40~ ot AL s 2 A 3



LRI KPS 7O

12a, [DU,
ka=— [Tt (1-8)
d, 3nd,
Hrb dp 2 EAR (m); Uy 2EHEE (m/s).
Cockx Z¢U0- TR Talvy SEU2HR4E Higbiel WIS E BGHE 1 — P 2 DLPEAS J5 56 1)

Jo A TR

12 DU,
kLa: OCg L~ slip (1_9)
d, nd,
Xue A1 Yin"4R & Boussinesq i) Fl1 Higbiel & EH R4 S 4 F i &A% 18 2 3
1/4
12
k,a= ﬂ(ﬁ} % (1-10)
T\ MK d,

Hrb e R REFEHOEE (m¥/s?),

Tobajas 217511 Wen 5713 T Higbie i Fll Kolmogoroff £ [7] [ P it i 1S i 57 T
RN EAISEERRE A

ka-= & (Uslippl ga, ]1/4 12a9 (1-11)

T Hy d,

BT, HATA VF 2 BT AN R B AR B ) SR AR AR . R, IRA T
FEF AT AP BEAR AE AW I N 2 () S AR S AR R R B A R 38 o DAL G T4 5 S B2 1)
WA AN AS [F] BRI HEAT R 58 DA 2 B FE 1) CFD A4 %7,

1.3 AHERRERLE™

R TR A PN B SR BRI, R R ER MR KETR SE (18 1.3). BEIR) 2 M
T &M s 7880, FERR A P2 Ak 2 BN M (Aspergillus niger)®- 3R AL
HWHEFFE (Gluconobacter oxydans)®, A. niger R GEAE = F—H & WEIR, 1M G. oxydans
YUIRT R A S 4 R b ) 6 2 W ot Sl A A 25 Ao T XK S8 S A AR R 180 871

YT A PER A EE RS REEY), (HRERR T REEK, ERT5
NEARIARI R T, - BRI ASE FH AT P AR AR ot 21 48 2% R B A% GoAR £ 1 W A = i 4 b
FRAZAF I E L8 R TR 20 4 21 SRl A 1 21 4 25 T et A EERN K I R A
EINE, TPELRYER NPT EAG O ARNE . TRl - USR8 55 ] B R0,

T e E I O] B AL A B B ER >, Tkeda S5V H KR FH T FE AR IR 3500 A 4R A.
niger N AR - HEANEL 7 S T 80-100 /L (4T 4 3R 8 A FE R 427~ . Zhou 251
A5 FH R 4 R R R TIAL PR B K FEFHE BT G. oxydans =40 MAEIL I 7 A= T 143.9
g/L FIARMERR . Zhang 7R F B2 Tl AL PR A T K AEFF /KRR G. oxydans T FE RS
RIGHAL T & FEAARRE 2 SIPERR, AE77 1 132.5 /L BRI &I FE IR A 15.1 g/L AR HE
I8



%8 HEFET KPS

D-Mannose D-Mannonic acid
L-Arabinose L-Arabonic acid
D-Galactose D-Galactonic acid
D-Xylose D-Xylonic acid
D-Glucose D-Gluconic acid

mGDH

Periplasm

++++++++++++++++ IAWA UUTUSUUUUUTIUY, SOUUUUUTITURITE DUVOURSRUUUUUTON
Inner

CyqBACD
membrane ATP synthase

=
-------------------------------------------- e e e A R e D
Cytoplasm 2H*+1/20, H20
NH;
ADP+Pi Y ATP

B 1.3 SRR B AR A

Fig. 1.3 Sugar acids metabolism in Gluconobacter oxydans
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Fig. 1.4 Current strategies to enhance citric acid production by microbial strains
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Table 1.2 Cell disruption methods in terms of lipid extraction!!¢)
Methods Species Biomass Conditions & scale Energy Analyses & outcome References
(MJ/kg)
Physical ~ High-pressure Nannochlorops ~ 0.1-25% 10 L/h 0.2-144.5  Cell counting, 70-80% [174]
disruption homogenization is sp.
Bead mill Chlorella 6.9-15.8% 3-62 kg/h 10.2-36.1  Cell counting, 85-99% (73]
Ultrasound S. limacinum 4% 0.05L 2 Ethanol:slurry=19:1 (v/v), 50%  [17°]
Pulsed electric Scenedensmus  0.5% 40L 24 Hexane extraction, less than 50% [177]
field
Microwave Botryococcus 0.5% 0.1 L/min 420 Bligh method [163, 178]
Subcritical water  C. sorokiniana  10% 0.1L 6 No lipid extraction (179
Chemical HCI C. curvatus 2.5-5% 0.17-0.3 M HCI, 78 °C 2 h, 0.02 L 4.4-8.8 Modified Bligh method, 87.5%  [166]
disruption
H,S04 Scenedesmus 7.5% 2% H3SO04, 145 °C , 10 min, 0.005L 6.7 Hexane extraction, 97% [180]
Poly- Autrantiochytri  1.5% Poly-dimethylaminomethylstyrene None Hexane extraction, 25.6% [182]
dimethylaminom  um membrane, 0.015 L
ethylstyrene
Enzymes  Cellulase C. vulgaris 1% Cellulase, glucosidase, 50 °C, 72 h 10.4 Bligh method, 73.1% [170]
Glycomannanase  R. toruloides 12.8% Microwave 1 min, glycomannanase, 8.4 Ethyl acetate extraction, 96.6% %3]
37°C,2h,0.01 L
Pectinase, papain ~ Mortierella 3% Pretreat at 80 °C 30 min, pectinase: 4.9 Hexane extraction 100% (71l
alpina papain (5:3, v/v) 60 °C, 6 h, 0.02 L
Cellulase, Scenedesmus 0.3% Cellulase:pectinase:hemicellulase 8.4 Hexane extraction, 86.1% (184]
pectinase, sp. ratio of 1:1:1, 30 °C, 60 h, 0.03 L
hemicellulase
Others Chlorella sp 2% TiO; for harvest and then rupture cell  40.5 Cell counting, 95% [183]

by UV irradiation, 365 nm, 3 h, 0.2 L
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Fig. 1.6 The technical flow sheet in this research
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WARZE T 77, FFIR TR B I T AR A 5 AR o 3R BT ) A e P 70 8 1
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E28 SEFAIERFELABIENSEBHNR

21 BlE

e R e AR A B 2 i 7 B A A Y 284 o AR 2P 4 3 AR YR i
REFF, I A AN A I i B e AR i 21 4 2R R A SE B 7 DR B ) b SR LIS 1970, 2 R
SRR IR IV P T v ] 2 B K R PP IR I B I AR 7 B AR B FLIR A I, /D R
Tt YRS v [ AR S 224 2 /K AR L) ) R TR A A O L 140 43, 188 i UK R T T
HR IR BRI g A7 PR B AT IR IR A ™ . B R R T W 2 B A N, RIFR S
AN TB) ) e R AR I T R AR AN D . T H B, SR AR AR A= )
PR JEER A 7 ek 4 1Y) B B PR DN 2K 2 — o AR AR I SRR B R RN AR O e A R, En:
SEA R RHEAT T 71 O o 2 A VA A T 0 219 2 BRI R A I, S 7R SRt — 2D i

T v [ A B R 5 £ 4 3K R Rl AR P (/NSRRI
T PRTE MK AR 38R T 7> 190, S A R A AR TSR AR 17 sl A vy [ 4 5 K AR
AV ARSI F ST e BN PR . ax LE SR S PG T 40U A% 1 T 2 A
20 B A A PR L0 O, — T g AU U R R 1 75 0 A R R A AR e 1 [ A AL 1%
P31, SR AR AR I VB S R A AR TR o AR VL 1 v ] 2 s 15 B o AE UL S
AT, R AR S B SRR SC IR NS 1), T H, R B A AN T e S e
EREIPEIR R AN B AE . EAEVIRRIERE T, SR R 5 I 8 00 i AL gl
FET [V 15 B DR AT R B B 5 0 o DRI, SR P 0,55 1 A RO ) 7K APV AS 1A T 1V 7
B BRI L U SR B IR AL SR %

v [ R R 2K ARV PP AR R E AT ORAR S 3R, AR KB R ) 1 AR R
[ fi - Mussatto A1 Robertol I8 1 7K FEAE AT K MY S I T 72, {ELHL BT A KAV
T3 2 JE RIS L. Sreenath S5O 1 15 21 YR /K ALY S A% R 1, (H RL ] 1A
BHRAK (10%, w/w), MUK IR, Lin 00T FORFEFK R I A
MR SEh i A, (BRI R AR5 B ARAG, DR AN RE L IR AE R AR 2 4 548 &
HH PR AR 3 — AR PE R

B E IR T e B ROk AR B AR R, R VRAL 1 O St R S S I

CH &I PRI R IR IR IR VE RERON o 6 ] 200 W PR A IR v R I T PR S A TR AT T ) 40
PR G R IR 2L I 7 B AR DA e R R A AR R SR R B R . I 5E
25 RR WK AL SRR 3 R E Chea) BB V25 B G 0 1T 422 2 L F3AIG, (R 1
I AR IR TR E5E P A o AT ) 2 S A 5 LA A2 ] 2 R R ) T SR o I 1Y
AU TR AR AK IR AL A S 2, WS 1 TH SRR 0 S AR T30 S L 4 A
AAUEIE R ARG R 1 SRIRIGIE . BT MUY, W FUSEEL T R G U B E AL
WBLT o AT TSI e o] e R A5 £ 48 3 A 3 P 1 i R R R T R B S 5K
PE A 5 o
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22 MEERB
22.1 JE#

TKAEFFWGRT 2014 SER B RE PAAKES o SR I JB0RE 1 ol 1ok FH 4 20K B M LR B 9 i
10mm Mo JE YR RS FT AR IR K2R . A FARIE B A T Ja B TR A7 TR 4h KRS AT
B 32.1%MLF4E R . 20.6%F 4148 2. 26.5%IAR TR A 4.4%11 K57 o

222 M5 FEG
Y RN LLC WX A E SRS AEMR O ARAF (RE, L), HIEAEEHN 199
FPU/mL, £14k —¥#E§IE N 5514 CBU/mL, HEAS TN 76 mg/mL £ 48 KB -
HEHE B TR R T RAE R A A CHE, i), FERHEEIN A BRI 6
AIRAR CRE, B0, K=l 8 igu gt A RAR (RE, B,

223 WFTAIRE IR A
EANFWEME (Gluconobacter oxydans) DSM 2003 K H 12 [ 134 2E 47 B Fh PRk A Oy
(DSMZ), HEFFRIEAFE (1) iHRFRE: 40g/L 1LELEE, 10g/L FERHEEW, 1.5¢/L
KH2PO4, 1.5 g/L (NH4)2SO4, 0.5 g/L MgSO4-7H,0 120 g/L Bifi; (2) Fhy35775E: 80
g/L 1AL, 10 o/L FERESZ U, 1.5 g/L KHoPO4, 1.5 g/L (NH4)2SO04 #10.5 g/L MgSO4-7H20.
JIit B I Pk Amorphotheca resinae ZN1 AN S5 25 i 12 $RAS FF O ek T A B ok A= 4 B Ao
R0 (CGMCC). 4. resinae ZN1 7T PDA RHH, HAMEFE: 200g/L 5, 20
g/L Hi%iFE, 20 g/L i,

2.2.4 TRALHEE. AWl s AK AR

FOKFEFFIR I TRR 7 VL AT PR 324, fa it il BT FORFEAT ARG IR (E IR &
N 2.5%FAMEIE LG 2:1 S AF T — NI R NS E 175 °C 264 N 5 438h. Tiikb 3
Ja EARFEFEKEN 50% L4, FEHTEAK™ 4. 18id NREL F5 FAg 7 720198 1990 e
I FRALFE TR FEFT A0 35. 7%ET 4 B AN 24% 4T 462 .

TRALFE TR FEFF IS A.resinae ZN1 BEATHEE . (a7 M, TRALFE FOKRFEFFAE
F 20% (w/w) Ca(OH), " 1A pH 5-6 M) J&5 ik 8 B 25 [ K 21 4 DLk G 3% S TE IR 7]
A.resinae ZN1 [EAEFF DL 10%3ZFh &5 A9 B TAL B TR FEFF[E 44 F 55 5% B 2 52 5%
BRI AN 552 R SE s

T BN A= P 58 55 1) TR AE AT AE 28 8 AT M8y 22 1) 5 L 2B IR B 2% R g T AL . 3L
MEH N 6 mg LF4ERBFE (/g T, BE N 50 °C, pH i#it 5 M NaOH &1 4.8,
A IS (B AR SIS 56 75 SR 15008 O 12 h 503 48 he

2.2.5 HEFERR LA K

RS FH K TR e M PR e 4 1) 256 48 A 1 I S 1) R T e v AT 6 T BB K % . 2 mL
AL G. oxydans BRI NFhFEEFRFLAE 30 °C A1 220 rpm 252F FEEFF 15 he M Ja M+
TR 48 h BEAL 5 IR AEIAE 2% (viv) Hefpa LRI KBS T 35 °C, pH 4.8 F1 1.0
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vvm 2 R KRB 36 ho A8 58 B R B B 78 350 719 14,500%g R 25.0r 5 min.

22.6  SATHESS. 0GR AN )

AT AT LU 2R A R B AR Pt 5 T B AR A I A AT X SBA-40D MllE (HE, BF
Do AT B R FH 2% 4 HPX-87H AU (A i A 1) 15 RO (i AT g o Aarilll 5% A IR
B, 5mMH2SO4; Yii#, 0.4mL/min; AEi, 55°C. ABE. HEmE. 5-fHIEREA 4
P& s F HPX-87H AL A 5 , HAG I 25 - JiaNAH, 5 mM HaSO4; Jitid, 0.6 mL/min;
FER, 65°C.

227 RARMERTINE

KRBT A T ) K A 2 %8 SC4-16 e 11 DV2T BURE 2 i (S [H
L FEMND ME . RS EAEEBIUIEE 11.6-46.7 s JEEIAFI 25 °C 244 N ESS
B, WEEA g, = K <™ Horp K R RS (Pass™) |, n ALNEIFEHEIEL. KM
n W2 VEAL B RS Y T AT 2

log,, 77, =log,, K, +(n-1)log,, y (2-1)

2.2.8 MEEALEEE (ka)

T R FEFT A AR F 1) B80S 38 T 3R A8 P B A SRR B I 12000 o g ST [ AR - E R
Z A B T BIAERERE (DO 1. MR (100%) BEE N 35 °C
1.0 vvm A N — @ F M E E T R el . WE ka 57 RABSTIFRIFEAN
RAVEERA, HREMEET S%PBMmEEME. ma, MRS, EHTF
WAIFR, FEERE 10 s IMBICFIERAE RS, BHEEEHESRIBMER . kald
BT AR ) AU =T A A

Z—f =k, a(C" -C) (2-2)
Hep CURMBANARIRE (mol/L) , C J& SEIF I 2 FIEEIKE (mol/L).
2.2.9 CFD &)

f5 Fl CFD 4% Ansys 2] ) ICEM A1 Fluent 435l F - 5 N 28 B 70 () = 2 o 15 A= 1
ATH AL . B 22 AR AL A T4 AR ) s L2 Y 0 O B A s s 00 o AT A A5
A (PBMD H Tt B ARRST A, HASERLE I B0 2R H A 0.8-13.0 mm
KNPSRS & IR 505 BT S0 A 2 2 R AT s N SR IR T &
BECASE, W E SO T, 2t $EARONIBE T € SO TCTE R bR AERE T . 22
Iy KBS T 15 R . BRI UE Ji kg, RS NET, THER
KR 0.02s, HZBEAT RN o kpa BBV AR a IR R A R AL
ko SEIR,  Horb kg SR HH Bird J7RETHE 77

_i DLUinp (2 3)
RRET

k
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Horp DL RSHTEBA I TH B8R (m¥s), Ugp &R FIEZER (m/s).
SWAZH A a H Sauter P32 SIRIAR dso FISAARF 2L ac T 5HAF 2
B d32

23 &R5%

2.3.1 v I R A 2T 4 2R KR P I SRR 3 T R T e

AT TSI I FE 1 AN A 2 A T e I 2 R K T ) S8 3 R ke (I
2.1 JKAAVBENAA S R RO N2 TR B I I BRAR T ke fH, JOHAE 2 RS RN
B 30%Hf kra AR AR (K 2.0a) EIE DI REF I mT LA 587K AR )i 7 5
FE, kia HEEZ G0, 32— B0 U R BURE A /K PRI TRV BARS 1 7K BB R R AL L AR, ke
AR AN (& 2.1b) 0 ZKARIS 8] (R RE R SEIL 1 AR5 21 4k S RBURL A 2t — 25K, it
BEAR T RS AR R, 390 1A S s VeI B AR 1 FORS AR IR, X eI RE A ka fEAY
A EE R EREIRS BN, ko ERZFRN, EIEE SR ] AL —E 1R
72, E B R AR B RS K I P A AE ™ B ARG 5 T I A Bk i g, A
1227 IE ) kva (A B EANG W o AP G AN, 998 1 dm it K- i
& VIRV, kua AEIE RS EREZ 3R R IXEBEE RAURE = A S B2 %
b AR AR ARV B SR AR R e, (ELRE B 5 o A SE AR AR K A mT DL — i R _E R
AL TR

TE A H A B ZR  SE I L SRR I DR A AR N 1 R D A R B SR A o T Je 2D
HOTE TS S 215 1 v ok Pl 7 0 S0 AR R 1201 2020 Calik ADOI5 8¢ 1A it g xt s ke
FrE A B Z IR IR, IR LS E R A A T B A LR A R, e %
s R A DU A6 17 SRR R AN R BAIRF R 4, B i EA BRI AR kia {EAE
22 h's Ferreira S°HIESE T ka & R0 HR ECRRE BEA PR HOHAE AT R O R B 3R . B
% kua A7 0V HEINE] 55 0, APEER RGN T 7.8 1%, HARAE ke {EAE 300, RE
R T 4 2 7K PR PR SR A 2 o A IR T A% G R IR R B R o AT 4 K R T
TN EIE 2.1 3R WAL e o] A 15 B A ARV P R R0 U B R AT SR T AAE R AR AR 2 AF
AT P i ) SRR T SR o I RS 2 vt ] G A o 49 4 3 A A N 12 R BAAR B3t
KL E R B AL o

a (2-4)
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(a) 12 h hydrolysis (b) 48 h hydrolysis
Solids loading -8-15% -A—-20% ——25% —6-30% Solids loading —=-15% -A-20% ——25% --30%
120 - (%, W/W) 120 - (%, W/W)
1 Apparent viscosity 0.04 0.09 0.22 0.40 Apparent viscosity 0.01 0.02 0.04 0.08
1 (Pas) (Pa-s)

100
80 ]

60 ]

k.a (h?)

P
400 500 600 700 800 900
Agitation rate (rpm) Agitation rate (rpm)

B 2.0 FORREFT KRR PR SRR ko FIRE
Fig. 2.1 Measurement of oxygen transfer rate kza in the corn stover hydrolysate slurry

(a) 12hKfif; (b) 48 hKfif. BE/KMEZEME: MRS R 30%, 6mg F4EREEE /g TH, pH
4.8, 50°C. A UELHALE 35 °C M 1 vwm Fll5E .
232 AR R U AR R R

N T VA e [ AR B KRR PR AR A 3 3 X e SRR IR (RS, ASE 7 3k P A2 4 i
A KA A T T BA S AT K1 G. oxydans F BT HERR K IR/ E s UK I . TEL K
WERE T, T YRR P A NGB T 5 Fe O R BT R IR IR, 355 — N RID K S LA 3
e WA DAY P 1 O T ) W TR 120 20 o K] DAy vl )7 i 2 W TR A T R M o 14 24 3R i o)
FRU205, 2061,y WEE D 5 X AR AR VRUREAT AT EC PRV TR, LA G T v o 76 TR PR I R A P2 235
RAFEMT o fa] DI, FOUAL BRI AR W) B ) TR A T [ A B S 2 A MRy S P 1) S B o
HK AR 48h FEAL g SR, 1T i T K AR AN 22 [ 7> 2 BB N3 % Rusthon J ) S
N2 AT H81  RR  I

AT T a5 5% 7 A [ [ 5 5 A0 a0 Bt =30 X £ 4 2 58 ) el R A P ) 52
W (P& 2.2). B E RN 15-25%, R kua {6 9.2-77.4 b I, R EESS TR R AR
FaBAH I H B ARIE UK P ZRA KR (B 2.20), FF HAEERET LIZE 12 h W58 240 v s
HPERR (K 2.2b). RS EIE— PN 30%, ka @RS 5.6 ' I, HELLEH
Tl B E AL R AL PR RE RO HLA A B R 1 e A TR B 2B IR (1 2.200 . BRAS R TURE
BRI [ s ) B R R BB AR A AR R (R R, RATIE B 30% [ 85 & kua
ERARI A 2 LA BRET AN 2 (1 )

N T SED RS R (30%, wiw) TG BERR 1 R R AL, BIE TR 2 A
I BEFEEE DR TH A SR E R (E 2.3). UBEPHEHE M 400 rpm 34 H0E] 500 rpm
W, kea (EIGINT —fF, M S.6h' HINE 11.2 bty JF HUA0 A B G A0 20k B A .
3k I PR AE kia (I INE] 45.9 b IR, R AT B 0 2 0E R 1) AR B A
UEFFAEE o 1X— S5 AR Y i 1] vetroRl 7K 880 ] 2 R R A I PO S 3t T DB o 9 4 f5 A
SA LU PR S AT B AL
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(a) -B-15% -A-20% —o-25% -©-30%
120
k.a (h?)
100 (& <— 774
TR <— 427
] > €«—
80 ] 9.2
SE
S 60 1 <— 56
D -
40 ]
20 ]
0]
Time (h)
(b) Glucose —-©-15% -©-20% —-©-25% -@-30%
GLA -B-15% —E-20% —B-25% —m-30%
100 k.a (h?)
< <— 56
2
©
S
@®©
2 m<— 9.2
(o]
o
E]
=) m<— 42.7
©
c Fl<— 77.4
[
[}
2]
[}
o
E]
0]

0 6 12 18 24 30 36

Time (h)
(c) -0-15% -0-20% —-©-25% —@-30%
12 3 ka (h)

9.2

Gluconic acid generation rate (g/L/h)

0 6 12 18 24 30 36
Time (h)

B 22 AREGEETHRUSRERMAERAEER KB
Fig. 2.2 Oxygen transfer rates and cellulosic gluconic acid fermentation by varying solid contents
(a) ¥4 (o) AR (o) BEMRA AR BKWFEIT: 6 mg F4ERMER/g T
#, 50°C fll pH 4.8, KM 2%HeFiE, 400 rpm, 1vvm, 35°C fl pH 4.8
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(@) -5-400 -A-500 —-600 -©-800

kia (h?)
QO < 45.9
> <— 19.8
A <— 11.2
g
Q Fl«— 5.6

Time (h)

(b) Glucose -@-400 -©-500 -O-600 -O-800
GLA -B-400 —8-500 -£-600 -1-800

100

g

2

s 80C

2 7

I

Q ]

& 601

o

=

O]

- 40

c

a

1) -4

3 20

S ]
2 -4

o ]

o[
Time (h)
©) -@-400 -©-500 -0-600 -O-800

—~ 12 k.a (h)
ﬁ ] 5 11.2
310 1 < 45.9
p §

§ ] 19.8
§ %1

<

2 6 ]

(]

o

©

6 4 .

©

L

& 2

o 4

El 1

0 6 12 18 24 30 36
Time (h)

B 23 AREBHEETHEUERERMAERHENER KB
Fig. 2.3 Oxygen transfer rates and cellulosic gluconic acid fermentation by varying agitation rates
(a) VA% (o) WEMERLE: (o) MEMERA ™ EE. BKMFt: FAREE 30%, 6 mg 474
KM E /g TH, 50°C fil pH 4.8, KIEZAM:: 2% E, 400 rpm, 1vvm, 35°C Fl pH 4.8,
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Kl 2.4 LUEL T AL kea 4B 264 N BRI 2T RERR R B IME RE, RIS TR 55 AN [F 28R 15 4
L ka {ER) (25%[EARS BEAE 400 rpm, 30%l[E 4R & &AE 500 rpm), Fij 4 FEFR A0 £ =1
REREF—B. XAEERIURE LR WU R 56, AL R e R o £ 4k
RIFERKBYEREM RENER 2R . 9 1 SR S A R 9, A UG s R L i T3
M FUE. X T G. oxydans HEFERKIFN S, XA ka ENIZAE 100! A (K 2.2
A 2.3) 0 AHIE T I SEAGIE SR A 5[] R AR ot 21 48 2% 7K AR 0 280 A 1 R Wl 3
T IKAEER AR T — B B R BT 5 TR 78 R o IR R A R R AR I
i N TE ], (RS AT DR A8 B B LR I A 7 e [ 7 i R A B N 3 B4R
R (G RERR . AR 2 B SE A EAL T D o

() —6-25% solids loading and 400 rpm stirring rate
—-30% solids loading and 500 rpm stirring rate

DO (%)

Time (h)

(b) —©—-25% solids loading and 400 rpm stirring rate
—5-30% solids loading and 500 rpm stirring rate

-
N

- «— ka=11.2ht
A €<— ka=9.2ht

JEny
[e¢] o

Gluconic acid generation rate (g/L/h)
»

Time (h)

Bl 2.4 HUEAEBFM T RS ERBEHR KRB

Fig. 2.4 Cellulosic gluconic acid fermentation under the similar oxygen transfer rate by different

operation approaches
(a) W% (b) MR~ IHE . MKMEAFIT: 6 mg LF4ERMEN/g THE, 50°C M pH4.8, K
P2k th: 2%, 1 vvm, 35°C FlpH 4.8,
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233 TR IEE VAN I AR S N A 1 BT
R IR AL S B A [ N B AR AL S 37 () il 8 AT R R B R AR e (Y
[ERE, Kp) BEE KBTI R ZHEC, HAEEESYIMILEE ) CRETEES, n» 1
WEE (R 2.1),
®21 HAERFEHRBRREIEARZERZL

Table 2.1 Rheology evolution of cellulosic gluconic acid fermentation

Time (h) n(-) Kp (Pa-s") Apparent viscosity (Pa-s)
0 0.19 2.81 0.18
12 0.18 2.12 0.13
24 0.16 1.56 0.09
36 0.15 1.28 0.07

BEK 2R 30% MRS &, 6 mg A 4ERBFdE /g T5H, 50°C Ml pH 4.8, KEFFKAF: 2%4%H
&, 1vvm, 35°C i pH 4.8,

PR SN 2 TR 5 DAEBE AR R (10 1 5t i SR N, ERLIMAIE e 1RG5 A K 1]
CREFRIIEIS 1)) HIRAR S BOENL 7 AV N4% 1) CED A5 DS I A2 e K A7 A 1R
PR BETE o I FUR FH R 22 AH AR AR DA 5 RS B ASLADL S B2 N RIS 37 A
WA, AFERART SR R AR IR & 5T SRR DR AR AR TR 1 0 A . BT
BT T CFD BB A UL i R e M, 3R 2.2 T B BEME A sE B E HA R
gr)— 2k, HANX IR ZDON 13.5%. BE5RAUESE 1 HTH CFD #E7 al AR S ALIDL ok
AW e LS N YRR IR, IO R S A e B AR I B TH AL T EE Y B A

R 22 RERHKERHERNER ka E5 CFD RHMEE

Table 2.2 Comparison of the CFD calculated ki a values with the experimentally measured values in the
highly viscous lignocellulose hydrolysate slurry

Agitation rate (rpm) Simulated &La (h?) Experimental ka (hY)  Relative error (%)
400 4.8 56+1.6 -14.3
500 9.4 11.2+3.6 -16.1
600 16.9 19814 -14.6
800 50.0 45.940.9 +9.0

MK il 2 AF: 30%[ER S &, 6 mg FYERMEE /g T8, 50°C FlpH 4.8, EEfif 48 ho /S ALEHE
R ESAF: 1 vvm Fll 35 °C.,

W9 R A CFD BUMEHT 7 AR R T 5 A BSOS R MmN s SR s 20
(F2.6). BEEFEFLTEI 400, 600 rpm B 15 800 rpm, AFHTF-H)S &M 0.4,
L1%EME] T 2.3% (Kl 2.6a). HEHERE MGG T ko ERT 10 b XIS
], AR W PN B 22 X3 RT DL v R ) R R R I R IR SRR oK . B R 4k B R W
B TR N, AR ) TR ERAE OB G (B 2.6b) . X PR RRHITCARER
I FE) ] s i AL 52 P AR R 20 BT /NS, IR /NSRRI 7 RS BT A a, A
M3 3 kva (ARG N BEALIONEE R NGOUL 2 TR b 1 e 3 T G XS kea (B HISZME, 0
KT NI kea VAT BN AT
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(a) Gas holdup (%)
Volumetric average  0.36

(b) ka (h')
Volumetric average 4.75

B 2.6 ARBHFEETHIERMESLEER

Fig. 2.6 CFD simulation of gas holdup and oxygen transfer rate of the high solids loading hydrolysate
slurry at different agitation rates

(@) kua 184 10 W SEME IR B EE 00 (b) FABLIR B kua 734 . CFD AR H K
1L 22 AR SR FIVEEE - iy B ST

A TR AR AR UE ) CFD AR AN RIS RS I A e B g3t 4T 1 f Ak et
CASEILRARINAE T IR FURCR, ARSI 5 L& (& 2.7) AL RIAE 100 m?
W (B 2.8). XF 5SLEEME, PRRHRIR 2 — R R R GmER K. &
BIEFE 73 50 2% 2 T UMD AN [RI SR - S5 F (EAR R AR 26 1 P TR S EREZE 7 . HBT KRG
UEE A R A5 A A I DA R P AR /G 10 R S A 4 i ] W PR A I 7 5K
(B 2.72). Fsh, 2L EEET TEY RN K ERXIR, XHURE KBS H
BT REI N REPR R IR, AR T ARG . X AIGRAE—ERE LR
BT HBT M RS AR A U I AR DL . PBTU SR HAT 5 ) il ) R 5 1
e, DRI E RAA SRR & T HBT 220t HXFpél i — 2 F2 B B AR T
EAEREA SRS, AAB, RT M AT DT E U & S A B REF) Fh A A AR, 35X
fEf 2 AN TE A 5 7 ZEA AR (AR BEAGE PRSI R, RIS N 1 <A AE R
YR BN IR), O A AR R U i R I B s . RS SRR IR T 5 L AW
s, 25 RS BV EUM A 4513 2 Rusthon 2R B8 38 - iy [f] Kb ZK A0 2780 R I
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(a) Gas holdup (%)
Volumetric average  0.05

0.09
§23l;§’55 || : '~if‘é |

0.36

' e
HBT PBTU RT
(b) kea (h)
Volumetric average 1.08
- l

HBT PBTU RT

B 2.7 CFD BB SL U HIR S0E IR A Tk i

Fig. 2.7 CFD simulation of 5 L gluconic acid fermentor
(8) kua {9 10 W ISRETT A3 (D) 2L L kua 9. CFD BHMR AR %
MR PR ST B. $oep HBT, RSB, PBTU, #HIFE%N; RT,
FEIRFE R

X100 m¥ AR R MRS B TE, TRAE R T AN FERERR IS WA E (K
2.8a) M IE (B 2.8b) o B HEBRIGINEERTT 7R A URHIER ., EFMR
Wik A, HEERR, AU RAEGEN W AT E N A, BRI EE R T &S 3 ]
DX 33 A B A 2 7 AU B — B A R e . X TSR K BN 5 10 h B 40<
A 336 1 < B A i 2 B A AR T SR . &) 2.8a T LRIAS @ AR N ke (KT 10
ht, P74 RIAE 0.125 vwm G802 T §E A B3R R A2 2% 1. H Ik
o A AL T TR R A R R 43 X S G = T R R R, A X IR ke (E KT
10 hte A 4Bk FIE ) 0.25 vwwm I, S SRS ER 1) 75 A A4 A1 5 93—, it
SRR A 0.25 vwm Xf 100 m® FERD @ 78 2 1, X b 5 L s T R FEK T 75%.

R B S8R P G 75 B S DR 7 PRI UG A2 v ] v il i AR 2R VR AL AR
K, AT 100 me ST T IUZ M ECE . AR 4RT 2em & K E#hm E
HERAHEE A 1) 2WHU+2RT A1 3WHU+RT 220 & () S8 AL Sl R A BUIS,  H. kea
EAEREN A EE A — (F 2.8b) « AT A R N HEm &
(2WHd+2RT #1 3WHA+RT) HEAHE IR ULhigE, FiFps—, EamsE
BARpE R, FEFRAET, THEP AR - T 9w B e R sh 5N
FIZL, JRZMEEE R, (RS mAENTEN A ERIZI S, B n 7S
s I Ta], R EURE R A AR I R G
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(a)
Gas holdup (-) Velocity (m/s)

1200400

Aeration (vvm) 0.125 0.25 0.5 1.0
ka(h™) 20.5 241 25.3 46.7
Gas holdup (%) 1.6 3.0 4.9 12,5
Velocity (m/s)  0.48 0.57 0.74 1.02
(b)
Gas holdup (-)
l|M| >5,,.
8.00e-02 e
so0e02 [Z3
4.00e-02
200e02 |F22
0.00e+00

z1 [ K t

b g g Y
- e G € s

Velocity (m/s)

- lm
s

________________________________________________________________

Impeller styles 4RT  2WHu+2RT 3WHu+RT 2WHd+2RT 3WHd+RT
ka () 227 223 224 235 24.1
Gas holdup (%) 2.3 1.8 2.1 22 3.0
Velocity (m/s)  0.30 0.33 0.28 0.46 0.57

& 2.8 100 mS B MR R B I RARAL IR

Fig. 2.8 Scale-up of 100 mé gluconic acid fermentor
(a) WAEZBIA, M ke 55 10 W BSEE I ERER0Am, A0 E R
(b) MR AA, ke 4 10 W SEE T EEF0 MM 21, Z2 ) Z3 V1 Fig B 53 A
CFD BEAU R FH B i 2 AH S R AN A e Rl b ART, DUE-F B iRFe 2t
2WHuU+2RT, W)E=vimt EHERER W Z-F Eimie 2t SWHU+RT, =)Z =%t EHECE M N
—JE P ERE R 2WHA+2RT, M2 =58 R IR M Inm 21 Bk K BWHA+RT, =2
=P T HERZE M I — = B Rt
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PIRPREAR B 2E W) S B3 O 2R M BT A AE S B AN R, HLRRAE T NN ER (5
L) S RGERAR, KR RS A fE B M s B A S oA, R 2 SAE RN
AR R RNAS (100 m?) s SR B s, AR 55 RE BRI K, PRIMR A
B 22 Al A 2 R AR A AR E PN A R IR TR, R TR RS I AR R AR I T R

2.4 ATE/NGE
REINTEIRFEE | m B SR K AR AR SR, SRt 1AM R S R B R

AR IRRTT R, TR T AR AL R 5, e SRRl (s

AV IS CUBERR AT B ARBEE | RS AR Al . AR 3

BRI

(1) AT 1 v v R AR AR B 80 A 3 — MR TR AR, RS 1 A B 1 i Y 3 R )
TERAMEIEES, (R I I Y M A KK R N 1) B 1 0 49 5 FE P AR B b 5
AP IEDL

(2) o[BS BB PR R SRR A T o, AR A e T R S A S v AT R
REEFHAL R E R TR — . XTI E K EE G. oxydans 7= B HE IR T 5
Flm At kea (KT 10 bt A e S 30 R0 3 2 0 R A2

(3) o o] A 2 T 2 P R A I DR R P o o A TR 1) 334 1 25 BRI 5 11 B A B D)4
REJJHIG o BT 5E YR ARYE T, BIFFU AL 7 —AMS v [ e R A4 S B 4 N 4R
AR CFD AL, IF45 3 AR B 1) S50 5k .

(4) FIFH CFD HEARMLAL T S8 = BURBURT Tl FIAS 4S80 R B RE ) V1, IESE T /N S B 2%
TG H AR ML RT $ent, TR 8 S S48 Al m AR [ 45 A ) 3SWHAHRT
BRI DU B S
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EIR ARAERSERNFEEYES LB

31 3&

TR A PR 22 ) 18T B SR AT B B LR o AT T8 8 1) FH £ 4 2R R V5 1) 6 A R A0 A
PRI EIRERR, (ARG RAEVIIR T A RIESH RER A4 RA S X4
RARCH CHERE. PR R SO ORPEFIBTRAEE) F1—SepERR 1) 24 554 »
5 AR AT 4E R AR S KA S 40%. FETOKARFT Y, ARIERE. BrTRiAH R
H T RBEFN L RE 0l o5 B S KA S 34.1% 5.1%- 0.5%A0 2.7%2, TG E )
[P 2= £ 4 22 45 7 ] DUAE &M Fi Ak 38 0 A% Hh K fig S S B R08) . IR 22 09 58 AN R AR 4 i )
T LIS PRI T 3G N 1 5 7K AR FR AR o 78 ORI X W SR S AR ot 4 4 3 R IR A R AL
AR R T 2RI 88205 7K Ak 3 BSOS ) DR ) T 7

KEB I AR AE AN AT LA FH 1 B E v B — i, DRI &M AR E 2 Tk
M A A s R A ] ) G R R A W B8 Rz A R A 7 E b e 41299 2100 i A4
WHIBEAT I G. oxydans A B BRI AR iR BE 7 2L 45 B A B PR R 2 AH BLVE IR 1998 77 -
i L FERY G. oxydans HMIE b1 it S8 AN RE 0% 75 10 76 40 08 205 & BEIR, o mT DLES
AR BIARNERR « 21 FLBE 2 2UNERR o Bl har A6 R0 T 25 W 210 AH SOV IR 1) % A I R A HIE,
BT A AT g SE B

R 11%) B P I8 AR /KR G T AE K e (7K Ak, AR LB R v R S AR
FLRL PR K Ve PR =4 ERR A IR A KA R N A R U I ZE IR/ FH « Monosi
SN R TV 5 T =R B A A KA RS, R 300 6] 26 A RA o R
1R SR R O 280 8 A B7KAL, B & B R I I 22 AUR JE 8 2.3 . Chun F5U101E ¢ T
ARBERR A 7K e TR B L AT A R R, TR SEARKE R (1) 22 St AU LT R ot 2= S it
PRELHIP o BT AR B LT 4E 2 RRE AR VR R rh 27 A — S8 gl =, DRI R i 41 4
F IR = RN BN E 4%, HAE /KR G IR T e = 2 B e, W Atid it
SIS W 52 AT IR -

B oEm RO T RS B A KR R R g R, JEYIE SR T
MR R G. oxydans X B —H #HEIR A7 . RFNH— PR G. oxydans MR A 4EZR
RVEFABRIR AL BE 77, 1B SEEA R AR 4SRRI 1 52 254k . BF 7 2 EiE
RIS AR IR B OB RR A2 7= 2% At o R K& R T AR T G. oxydans Bk
X ZAHEIE I R R RE T PR AR B4 4E 2R SRR AE 7 BE IR I 2 5P A T AT AT 1% F]
FH & A I T B oAl AR BT 21 4 3R SR A P BB IR 1 /K Ve G2 e 77 R 7 b Ve g o ASBIE 5T 9 4T
O R WEIR IS R TR 1) P A S FH JE 37 7 B B R S A
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3.2 MESHE
321 JRkh £ 4E R B

FORFEAWGR T 2015 FAk, KA NZE EER/RT . FERE 354%4 485,
24.6% AT AT 26.5% Rz . F4ERBEETEN 2.2.2,

BT RLAEBEI H AL s B R AR AR CRE, Jbn0, BRI E Lk =R
AIRAR CRE, R, FAREYT B2 ENRHCARAR hE, R, #
HIETRANIE T L AR P8 ERELA TR AR CRE, 7R, BRI B IR EWKIe A R A
Al (CRE, WA, BRI QS8020 W H il isl AR Aw (HE, k).

3.2.2  APAITE: IR A

G. oxydans DSM 2003 FH THEER 1) K B4k, HAh1155 7204 80 g/L ILALEE, 10
o/L BERHEE) (YE), 1.5 g/LKH2PO4, 1.5 g/L (NH4)2SO4 F1 0.5 g/L MgSO4-7H,0. &k
BRI EAFE 40 g/ BESR ORWE, FThifoks, HEepEaiE 3L, 10 gL YE, 1.5 g/L
KH2POy4, 1.5 g/L (NH4)2SO4 #1 0.5 g/L MgSO4-7H20.

It 75 R AR A PR TE WL 2.2.3

3.2.3  TRALHER. A=W EE AIEE K AR R

T BRI 3 E S W, 2.2.4, HAR B EE AR ET 7O@ % BB EM T &
HHORT RSB E RN 15 L AW N 88 HH7E 28 °C B 26 M N PLE 5 48 h DL R Hm
1470 5 [R] B £ B A

T HEER KRN G. oxydans P PRIIAL K SRR ) 5 45 B TE DL 2.2.4

3.2.4 G. oxydans HI&E N EYNL

G. oxydans DSM 2003 3537 T i 55 /K SR AM81 40 60 25 7K g b AT 22 B AL
BAKIN &, G. oxydans B 5E1E 20 mL #0206 & /K H T 30 °C #1220 rpm 555 24 h,
1M 5 UL 10% 5 S B B 55K AR R RE 97 24 he KPS & e — B RRERET 420 K,
FERFREEFEIT NN 0.16 g CaCOs LA4ERF pH /£ 5-6. 1T 34 AABE % AT H IS4 25 7K it
WA 544 g/L HiEME, 23.5 /L A¥E, 32gL 2/, 0.3 g/L BEREA 0.2 o/L 5-5% L HE
We. JRS P HEFRIE S 62.9 /L Mi&IHE, 29.7 g/L A¥E, 6.1 g/L LR, 0.2 g/L HEEEAN
0.2 /L 5-F HFMERS . B KIRT O 67.2 /L #i&iME, 21.8 ¢/L ABE, 0.6 gL ZF.

3.2.5  UFEEUR AN A4 AL

PRI RS, PPl 10%2F BN 45 mL & B 7R3 T 30 °C A1 220 rpm 4%
PERREE 72 h, FIF 5 M NaOH 8 6 h % —X pH F] 5-6.

TERTEGERRL, PIFh L2 THER R Ak B BChEf S5 k8% (CHF) F5r0 Btk
LR (SHF). £ CHF 1, FiFi LA S%Befh & A A [ 2 2 K A — e 25 4 1A
% B A Rushton M- S N 8§ HH7E 35 °C, pH 4.8 Al 1.0 vvm %1 F EHIEHH T R . 7
SHF ™, JK M 56 AT B4 BT S BN P IROEAT B RR 1L
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A AR TR R L, R S AR I 1 % 7V TE L Meyer P12, ] LT
5 U ODeoo fEIAE] 5.0 19 1 L FTRLE 2500 x g B0 20 min. B0 /5 4iUfEH 1 L
40 mM TR EEZZ TR (pH 6.0) JEBEPI IR PRIFIRIMAE ODeoo 35, M & i 5 40 i & V7K
PL 10%32 R BB N K IRTE W TR 7E 35 °C, 2.5 vwm Al pH 4.8 44 kAT 40l fE 4k .

3.2.6  BEERII/K Ve 2 AR VAN

R 5T 2T 24 2 RN TR (Sl I 1 P [95] 59 % R R AT R BT A % Joit it €2 )5 B AT K
TR RIIVTAN o K VR LREEIT (B AN 22 e M Wsh M. PUHT 3 B S o B 4y AR 3% [
Fr GB/T 1346-2011. GB/T 2419-2005 #1 GB/T17671-1999 AT 5E . BEEEAE /K I HH s b
FEHN 0.01-0.03% (wW/w).

BRI X S ZATH S A E B K AL 8 h B 24 h (/K P Headh AT il 5
Ui, FEHEKIERBERRIER OK 5K 0.5) FLRIINA T 2 TR 3 & A PR A
A NJ-160 B /K Yei$ 2Z B FEHLTE 285 rpm V& 2 min, 1 5 (B SR - % H 72 KR
FEPFR N 20 °C K 95%IE 44 1F N 47 8 h 5% 24 ho T Ja 45 WA/ N FEAE ZBE IR i
7T KRBT RS . TR B H A PR X2 HE ) ISM-6360 LV A4 H
TEME (HA, Ra) FUWEKIMBMMEEH . 53— 43 K Ve B BS ok AR AT
X SFHERATH FIFAE 3T . X BFRATHAES R A H A 2k Nt 2384 CuKa BUKOGHY
D/Max 2550V B #s (HA, ZRED, FERMBEHEBEN 40kV (100 mA), KN 0.02°
YO FE A 10-700. FEE 73 #r SR B A 30 - 408 22 () 2% 45 A P N [A] 28 B ) TGA/DSCI
1600HT ZAX 2% (Hiit:, 75Z2HH) Mg . F 5 IE HREZE N 10 °C/min, H&ETEEIY
25-1000 °C, PSS TUNES

3.2.7 WERABERR 7> M

WIEE. AWE. BURARE. H &AL R A HPX-87P A tai4: 1) HPLC #H47T
W o KMEEA:: FBNIAH, TomHB4i/K; %, 0.6 mL/min; AU, 80°C. % FEERAN
ABERR A HPX-87H ZY i A b AT . A IZ&AF: Ji3hAH, 5mMHaSOs; HE, 0.4
mL/min; #if, 55°C; K, 210nm. HEHEER . 1 FUBE R AR H AR iR i i 22 34 e
% V02K LC-MS 6120 #&il #% &2 Zorbax Eclipse XDB-C18 ¥ 1200 HPLC #&:3ll .

3.2.8 Aspen Plus i FERIN S 2250 14 43 #r

Aspen Plus 2 fF (SEH, HEgE) HTXA4ERERAKEE T 2070 JRATK
F NREL FZERRA A AT B 207, IRAE DU 40T 7ad u e e Tikb 37 XA
PR A BE SO T AR IR AR B s Wit B 7 NS B P SO ARV EE s Bl R B 77 U
20%[Fl A B B £ SN 30%0 i1 445 15 5 ] 26 M B AT AR B RR 3L A s 77 il [ W 7 2%
RSB P8 WL Z 8K . B T2 8 F B AR P AN R KR & B A% B
BIHEAT 1B 5. RIEFUBONE s D845 2 R BT 2 7R F T8 b L, i (0 A = 228 S A
PRI R KIEN R KAL) dl . BEAN T 4R PERE J) 09 30 J3mii £ oK FEFTF. Aspen Plus
BRI 2] YRR B B-F A 20 A T e A i R R R IS AL I PR 58 &
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3.3.1  HECHEL S R T E O AL AT 4E R PE R

8 B S8 AR P ) R TR NAT 1388 5 R ) PR [T 23 88 I 7K I TR R B R o D A S
K2 (SHF), MAHEFT B3R AR B 7 & 7K R E R &8, FAl15E X
R T OB S K8 (CHE) . N T WAL A T2 R, AT LA E R PEIR
RIENGIG AT 7% (K 3.1). 7€ CHF L&, #ERE 36 h WRIAT 58 864k
RS, TARE A MR B RS E 72 h N SERORBERR AR, T 2ZHE 30%
[l A& N LARTS 106.2 g/L B & WEER AN 47.9 o/L AFEFR. 1hgh 5 SHF L2424,
B R T A BRI AR AE RS e | SRR IR 2, XA — e AR R BRI 1A e s = .

(@ Glucose Gluconic acid
CHF & -o-
SHF A -~

140
)
2 120
i)
8 100
(8]
c
o 80
(8]
=
2 60
©
]
) 40
[%2]
o
S 20
O]

0

0 12 24 36 48 60 72
Time (h)
(b) Xylose  Xylonic acid
CHF & -
60 SHF A -

Xylose and xylonic acid (g/L)

Time (h)

& 3.1 CHF fl SHF A= 4XHmEr

Fig. 3.1 Comparison of CHF and SHF for gluconic and xylonic acids fermentation
(a) HIEPERR: (b) AKEMR. BEKME2RIE: 30%[ME A S8, 4 mg f4ExRBEEH/g T, 50°C, pH
4.8, AShf. KRIEH4ATF: 5%BERE, 35°C, 500 rpm, pH 4.8, 1vvm, 72h K.
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HEET KFHE LA

120 (a)
100 7
80 ]

60 1

Gluconic acid (g/L)

40 7

20 ]

30 35 48 30 33 35 25 30 35
pH () Temperature (C) Solids loading (%)

50 7

30 ]

Xylonic acid (g/L)

20 ]

10

30 35 48 30 33 35 25 30 35
pH (-) Temperature (C) Solids loading (%)

& 3.2 CHF LEMKESREMRL
Fig. 3.2 CHF optimization for producing high titer gluconic and xylonic acids
(a) FIEHERS: (b) AWERR. BEKMESME: 4 mg SF4ERMEEA/g T, 50°C, pH4.8, 48h i
fitte RIEAF: 5%3EFIE, 500 rpm, 1vvm, 72 h KF%.

N T AR ENER KB PR, WA CHF LS HuIT 7H5% (K
3.2). MK pH 23 FEAC VBRI AL R, A ARHE AL % pH M\ 4.8 [ 3.0 T %
fIK T 90%. 3X 45 S Tl 35 AR A5 oA 3 60 B BV 1R 4% AR LU T 6 ) B Pl RE 75 22 58
ZHEAMIRIR 7, RIS S5 A I AR S D AR T 2 i) LA AR 28 0 38 >4 1) ek S8 AR Aok
RGN, KU G. oxydans BAREF FIIEDE N . BEAE A S =038, Bk
R SN DR T A v ORI R, (H A S BN 30%I8 N B 35%, HORERR ;T B IGE AL
RGNE, FREIE RE T S MR FERR ) 1 A 4E R BS54 AR B moRG AR
—E R B AR ) SR TS R T RIS 1O A SRR I A A AR . I AR AT
TE 35%[E A & 3k A T Ald sk S PRI =& (1782 g/L) B 118.9 /L H# & FE AN 59.3
g/L RBERE, ML LA DFEE T 20% (K 3.1,

CHF T2 2R 2] 50 L 44 5 LALPAl AL S BT AT 1 (B 3.3), 7
50 L, H T A AR A SR (5%EM &A1 500 rppm 7E 5 L, 2%
A 300 rpm £ 50 L #f#), KSR 7 EAHRER B I, HE& K&
L3 175 5 L #EMHHKKY, XHORE CHF L2 HA TIWABCR 7.
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Table 3.1 Comparison of sugar acids production from lignocellulose feedstock

Feedstock Biorefining methods Strains Sugar acids ~ Source
yield (g/L)

Corn stover Dry acid pretreatment and ~ G. oxydans DSM 2003 178.2 This study
biodetoxification, CHF

Corn stover Dry acid pretreatment and ~ G. oxydans DSM 2003  147.6 [97]
biodetoxification, SHF

Corn stover Dry acid pretreatment and 4. niger SIIM M276 76.7 [93]
biodetoxification, SHF

Corn stover Dilution acid pretreatment  G. oxydans NL71 96.8 [83]

and base neutralization,

whole-cell catalysis

Corn stover Acid-Catalyzed Steam- G. oxydans NL71 55.0 [94]
Exploding, Whole Cell
Catalysis
Waster office SHF A. niger IAM2094 80 [95]
paper

WEFAPEAL 1 PR 2 32 B R B R B RCR SR A AT PE (SHF L&
IR 7 85 ; CHF L2 R BER B 8D . 45 R W] CHF L 2R &
HAETT T LG SHE BA SRS . SHF L2 K MR I 1R 43 55 52 H S i R AR P 1 5
i S R R A SE N AE, B B RN R ANN 76.0% . T A TR ol A Bt ) v J8E AR A
FEYIREIR B Rl BT, Al CHF L2 (R BEBOR B VE A, [0 & 58 5t T, B
ZHPER CRIER] T 85.5%. XERHURERE CHF LA KBEMERE ES SHF T2
MEAK, EHSREHREEEM, HAP MR,

BT UL IR, AR Aspen Plus FAEG A T2 AL B AR &5 Mt
17 amatr. SRS 30 73 TORREAT ) L 2RI 25 B L 251E. AR
T B PR DA AR R R JEORE, AR T XA BN A i #5053, M R g
IKFRAFREFN R BT 2 . FEZERIET CHF L 28 A R IER A B8 K FR0EEAT K%, 1
SHF A FH 195 73 B8 5 K Agis . R AE SHE R PR B, — IR T /KAl
FBARBURAE, — KM T KB B, CHF X F A R B 5 BEAT — IR S 37 &
EIV S A5 3R B AT 1 AR A R2 o
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(a) Glucose Gluconic acid
5L A -
140 0L —a -o-
o
2 120
o
& 100
Q2
S 80
(&)
=
© 60
©
%
o 40
1)
3
5 20
O]
0
Time (h)
(b) Xylose  Xylonic acid
5L —A— -

70 50L A @ -e

Xylose and xylonic acid (g/L)

........................ A
0 12 24 36 48 60 72
Time (h)

B 3.3 CHF LZBBKATFER

Fig. 3.3 Scale up of CHF for gluconic and xylonic acids fermentation to 50 L
(a) FEBERL: (b) APERR. EEKMERM: 30%MAEE, 4mg 4R MEH/g T/, 50°C, pH

4.8, 48h MBfR. 3 L WEREESZM: 5%%RE, 35°C, 500 rpm, pH4.8, 1vvm, 72h K. 50L
ERBEEAT: 2%3eME, 35°C, 300 rpm, pH4.8, 1vvm, 72h K.

PIRLT- R B SHE Rt FE A [E VR 7 B3 T 21% R BETR 2K, DRI HLAE R 7 AR 6T
BAK (B 3.4a). (RHEER ™ R R A = = i 75 B2 58 2 /K FERIBERE, BRUbAHEL T
CHF id 7%, SHF SRRt KHER 7 1.7 B EER 7 1.2 65 (K 3.4b). MM,
SHF i F% mh A2 7 (KRR B (4 1.31% /kg 77 %, 1 CHF S FEEEMAN 1.18¥ /kg 7
fho AL CHF L2 A =4 4k R PEIR o8 B4 U vl 47k
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@)

SHF Case

Corn stover

CS: 44.1181
Glucan: 13.268
Xylan: 9.233
Lignin: 6.019
Ash: 1.301
H,0: 6.618
Others: 7.680

CHF Case

Corn stover

CS: 44118t
Glucan: 13.268
Xylan: 9.233
Lignin: 6.019
Ash: 1.301
H,0: 6.618
Others: 7.680

Acid solution: 12.133 t
H,SO,: 0.798
H,0: 11.335 Steam: 6.63t

Air: 8t
Lime slurry: 2.922t 0O,: 1.827
Ca(OH),: 0.05 N,: 6.069

Enzymes: 3.262 t

Protein: 0.129 NaOH: 2.573 t [

H,0:3.068  NaOH: 0.515

H,0:2.872 H,0:0.104 H,0: 64.348 t Others: 0.065 H,0: 2.058

||:> Dry dilute acid Biological
pretreatment detoxification
CO,:0.896t
Acid solution: 12.133 t . Air: 81
H,SO,: 0.798 Lime slurry: 2.922t 0O,: 1.827
. Ca(OH),: 0.05 N,: 6.069
H,0: 11.335 2 2
2 Steam: 6.63 t H,0:2.872 H,0: 0.10:
Dry dilute acid Biological
pretreatment detoxification
C0,: 0.896 t

High solids loading
hydrolysis

CSHS: 135.459 t
Glucose: 13.128
Xylose: 7.652
Arabinose: 0.802
Glucan: 1.423
Xylan: 1.395
Lignin: 6.019
H,0: 94.579
Others: 10.461

Enzymes: 3.262 t

Protein: 0.129
H;%Zel3n.068 NaOH: 2,573t

1.0: 64,348 ¢ Others: 0.065 NaOH: 0.515

4 H,0:64.348t H,0: 2.058

High solids loading
hydrolysis

CSHS: 135.459
Glucose: 13.128
Xylose: 7.652
Arabinose: 0.802
Glucan: 1.423
Xylan: 1.395
Lignin: 6.019
H,0: 94.579
Others: 10.461
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Dried air: 0.626 t
0,:0.131

H,0: 20.987t N,: 0.495

Solid-liquid
separation

CSH: 132.361 t
Glucose: 10.371
Xylose: 6.046
Arabinose: 0.633
Glucan: 0.178
Xylan: 0.175
Lignin: 0.758
H,0: 109.285
Others: 4.915

Lignin residue: 22.4t
Glucose: 2.757
Xylose: 1.607
Arabinose: 0.169
Galactos: 0.093
Glucan: 1.244
Xylan: 1.22
Lignin: 5.26
CaS0,: 0.91

. H,0:4.878

\ . Others: 4.262

~

Sterile air: 10t

0,:2.284 NaOH: 13.39t

Dried air: 0.05t

N, 7.586 NaOH: 4.02
H,0:0.13 H,0: 9.37

Aerobic
fermentation

Broth: 155.425t
NaGA: 12.316
NaXxA:7.484
Lignin: 0.758
H,0: 120.584
Others: 14.283

0,:0.01
N,: 0.04 Activated carbon: 0.52 t

—>

Recovery Product

Product: 36.503 t
NaGA: 11.115
NaXA: 7.11

H,0: 18.277

MPSP: ¥1.31
/kg product

Water waster: 30.771 t

Waste gas: 8.642 t

0,2.284 NaOH: 16.30 t
N,: 7.586 NaOH: 4.89
H,0:0.13 H,0:11.41

Aerobic
fermentation

NaXA: 9.474
Lignin: 6.018
H,0:108.114
Others: 14.876

Waste gas: 8.171 t

H,0: 24.141
Others: 5.169

Condensate water: 78.288 t

Broth residue: 3.937 t
Glucan: 0.071

Xylan: 0.167

Lignin: 0.72

CaS0,: 0.125

H,0: 1.369

Others: 1.386

Dried air: 0.626 t

0,:0.146
Water: 13.089 t N,: 0.48 Activated carbon: 0.52 t

Recovery Product

Product: 42.861 t

NaGA: 13.33 ki roduct
NaXA: 8.10 Faprocuct

H,0: 21.431

Condensate water: 71.668 t

Broth residue: 19.348 t
Lignin: 5.718

Glucan: 1.352

Xylan: 1.326

CaS0,: 0.989

H,0: 3.369

Others: 6.594
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(b) {‘,. ______________________________________________ \‘\
. Dry dilute acid Biological High solids loading | Solid-liquid Aerobic |

SHF Case Feed handing |:> pretreatment I:> detoxification I:> hydrolysis I:> | separation |:> fermentation II:> Recovery :
1020 kW 800 kW 1266 kW 560 kW : 398 kW 1076 kW 178 kW |

: |

N 4

( \

3 Dry dilute acid Biological High solids loading| I Aerobic |

Feed handin o . : Recovel -

CHF Case g I:> pretreatment II:> detoxification I:> hydrolysis I I:> fermentation II:> Y [
! I

! I

1020 kW 800 kW 1266 kW 560 kW 1075 kW 404 kW

Fig. 3.4 The comparison of materials, energy and cost balance of cellulosic sodium gluconate and xylonate production between SHF case and CHF case

(a) PIRAERAMG S (b) BEEME. 45 CS, T OKFEFT: CSH, FTRFEH/KMEW: CSHS, T KFEAFT/KMHER: NAGA, HEFIRM:; NAXA,
ARFERREN: MPSP, AL MEM
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N TV G. oxydans SR AT YEZORIFEHTA AR BERERMAM G DL, THAHEE T G,
oxydans {EIRINANFITRIER G BE FR I AR E KGO (B 3.5, M= ARIRE,
FEB IR B I 3k T AR A ROIR DU TE L, R BER BEAR A AT A Y G. oxydans Xt A
AR 21 2 R RIS A B A AR B R P RSCR o TR 45 SRR S TN S — B ) S R ik rpr 1y
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B 3.5 G. oxpdans DSM 2003 41 g 4= KA E R B BCIR A F 0 DRy
Fig. 3.5 Cell growth and utilization of non-glucose sugars by G. oxydans DSM 2003

() A& (b) FEFE. PRIMRIESNE: ARINIRIE, 10%860E, 30°C, 220 rpm. 2[Rk
O WIEFREE P AR FIRER BN . pH 4ERFLE 5-6, T H NaOH kg 6 h 15—k

W — B IE G. oxydans 1EH LKA ARG FESR R 2% (B 3.6). 4
KK G. oxydans FJUAE 72 h W82 KAV E EIE . ARHE . BrT-RiAE0pE A0 H 28 0% 214
RS, B LRI (B 3.6a). fEXYIMELT, G oxydans X} i H
KR Z IR ER N, FFAE 48 h NS4l 7451 FLIECE N I BT A R SR 21AH B
PEIR (&1 3.6b). (HA4HfE AL TR 2R H m M &, BRI TV RS B R A 75 AR e )
11 it 155 7 A R 240 PR [ VAT AR
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(b) Catalysis in corn stover hydrolysate
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3.6 G. oxydans DSM 2003 X ERFEFF KRR P AL & HEBIR 1858
Fig 3.6 Non-glucose sugar conversion by G. oxydans DSM 2003 in corn stover hydrolysate

(a) KB, KRIEEAME: 3 LIEREE, 10%3%F&E, pH 4.8, 35°C, 700 rpm, 2.5 vvm. (b) 4
AMfEAL . LS. WA E N 1.8 g/L, 3L EEREE, pH4.8, 35°C, 700 rpm, 2.5 vvm.

N T IR YERPERR A, AHFF AN G. oxydans BHEIEAT YL LA &
FOXT AR S5t 21 4 2 SR e e B B U 0 R FH 25038 o Wt 9 S A AR A B 5 K AR A it 75
IK AR A B e B85 3% G. oxydans VMR G B HRVERE (K1 3.7 EYEERGS R H, #
VL E KA T G. oxydans % B #6158 2 FNAH 0 B RGE PRAIS, (R Bl & LRk T IE
PRIG JJIE TG 9, BAEREE AR R R 5T, & 210 AU, KA
PRI A P PEREIE BIRSE , ATk 4N G. oxydans RMT7

TATFYIME R G. oxydans RMT 7 i [ 44 S K B B R MR REEAT T vPAL (]
3.8). MLTF G. oxydans DSM 2003, G. oxydans RM7 17 %) bl F AL R B MEE T, M
AMEFE R FEAE 36 h KEFI [H] A R EHIN T 4.1 % (& 3.8a). HEENZE, G
oxydans RM7 FJ LAE 72 h N S8 3 ALBT R b H e300, HHAKEk G.
oxydans DSM 2003 13R%| 4 36% IR AF B AT H Se bR e e tl, HAUEALER 24%H)F
FLbE (B 3.8b). G. oxydans RM7 5 s i1 e 450RT 66 A7 BT A6 4 B B s 1v) A S AR PR 1)
Al X Lesh R A B e YA T VA Se g 1 AR 2 B R IR R 2, I
YNk S Y B R TT DAR FH i 0 T 1) 7 S IR P A R Joia 4 4 2% SRR 28 1Y) 58 A A o

Glucose, Xylose, Acids (g/L)

Galactose, Arabinose, Mannose (g/L)
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B 3.7 BEKEEAMEYIE S KRR B EIIL G. oxydans

Fig. 3.7 Time course profile of the evolutionary adaptation of G. oxydans by alternatively transferring
every 24 h between inhibitors containing hydrolysate and inhibitors free hydrolysate

TR FEUAIT Z05 N 0.16 g CaCO3 7E 20 mL 7K VAR 52 A4ER: pH (A8 5E . i EE/K e &
67.16 g/L #i%iHE, 21.81 g/L AMEA1 0.57 g/L LR. I 34 LB FMHI a8 /KR &4 54.49
o/L Hi%ikE, 23.53 g/L AKE, 324 g/L 482, 031 g/L MERSAN 0.2 /L 5-FE W IEMERS . 2 Je B4
IKARR AL 62.94 /L % HE, 29.68 g/L AHE, 6.07 g/L LFR, 0.15 g/L #EREF 0.24 g/L 5-5% H AL b
Mg FA R T K AR 42N 15%EA S &, 4 mg FF4ERBER A/ T, 50°C, 48 h .

(a) DSM 2003 RM7 (b) DSM 2003 RM7
180 ; Glucose = O 14 7 Galactose - - [0
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3.8 DIfLBE#R G. oxydans RM7 TE/K B ) & BRI BETRAT

Fig. 3.8 Fermentation performance evaluation of the evolved G. oxydans RM7 using corn stover

hydrolysate in fermentor
(a) FEHEAARERAL: (b) HABBESRFACRIAIAEAC . KRR 30%MIA S &, 4 mg ZF4ER
By /g T, pH4.8, 48 h Fifift. KEE&M: S%iEfh=E, pH4.8, 500 pm, 35°C, 1vvm, 72h
K
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B 3.9 BRERKKIBESER T
Fig 3.9 Retard setting assay of individual sugar acid as cement retarding additive
BERR A I 27K e Hh i BT EE D 0.03%. 4 FARRICHERR SN RIS K Jg B e [ 5256 .

1 JE W ST 5% 1 LS 27 4 2 JEURE A P R I SR e RIOR -5 T L ) I 81 46 W PR
FIRCREEAT 7 EEBL (3R 3.2)0 WS INEFHE ZOREIR (17K Y8 St 18] it 25 V45 0 7715 (4 18 v S
Koo HLAE 0.03%H8 7R AR LL T4 /K VR LE AT IRE I TR A 28 S5 R]_E 23 3B 1 46%A1
29%, FHIEE] T 5 SERERRARAL R S5 R o U INET4E ZBEIR /K PR IR SN A A T pe
AR, JEHGRAE 0.03%IRINFIE T, HAshEER w7 11%. KA 4R
HA RIFHRIKIE SRR o

S B, KYR AP 5 AT 95 5 R A 21 4 ZORE IR IS DN T 1 95, X iR
6 LT YR ZORE R I AR S 7K 8 1 05 ] R A A o e PR ARGR KR SRR R B2 K 1 i€
ININET e BERRR =y 1 KUY i) 2 g Mk HL B 1 LU box B i R R o K LR BB AR
TERET CaO KIS o it 35 B RN N 1) 62 R4 i B AL PR B2 AR 1 7T 5 b T IR
JEZZ | CaO HIKWILRE . F5h, WS INET4ERE R K TR IZAK M2 (i T [ A5 GB/T1346-
2011 ZERT 5 mmo AL EFZEZBE RN IN B IF RS2 M 7Y R T SR AR e 1« 25 B
ARJFETYEZ RVEERFAT RAF ARV R RERCR, B AN F AR R0 21 7K e ) B i £ A0
FasE PESE AL RERE, IXUESE 1 HnT i ST B AUE K 2B 7 OB IR
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Table 3.2  Assay of lignocellulose-derived mixied sugar acids as cement retarder additives

Properties Addition (%) Cellulosic product Commercial control
Setting time (min) Initial 0 161.544.5 161.544.5
0.01 18454825 178.540.5
0.02 207.1482.0 206.541.5
0.03 236.246.1 228.543.5
Final 0.00 214515 2145425
0.01 231.2H.1 226.043.0
0.02 253.3H.3 260.043.0
0.03 277.32.0 278.040.0
Fluidity (mm) 2275H.5 227.5H.5
0.01 2255H5 231585
0.02 238.04#4.0 219.540.5
0.03 274.0H.2 247.022.0
Soundness (mm) 0.00 1.740.8 1.740.8
0.01 0.940.5 1.940.2
0.02 0.840.3 1.540.7
0.03 0.540.1 0.740.2
Compressive strength (MPa) 3 days 0.00 25.6 25.6
0.01 25.8 22.2
0.02 24.8 23.0
0.03 24.8 24.7
7days 0.00 33.9 33.9
0.01 33.3 322
0.02 33.0 31.9
0.03 32.2 30.3
28 days 0.00 44.8 44.8
0.01 45.9 44.4
0.02 46.6 44.2
0.03 44.4 44.8
Flexural strength (MPa) 3days 0.00 5.0 5.0
0.01 5.4 5.2
0.02 5.0 4.7
0.03 5.0 4.9
7days 0.00 6.5 6.5
0.01 6.0 59
0.02 6.0 7.0
0.03 55 6.5
28 days 0.00 8.1 8.1
0.01 7.8 8.0
0.02 7.8 7.5
0.03 7.4 9.1
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Fig. 3.10 X-ray diffractograms of cement paste with cellulosic product as cement retarder additive
(a) FERR=H45; (b) FABR=A45; () AAALE. WERRFEN 0.03% (wiw), KALIIE] 24 he
B FE A N ERARAE S5 T AT 1 21 e R A0 R /K Ve S eV E RE A/ E I ALEE. 7KUY
BEaE EEOR A TRIR =45 (C3S) FIREMR —45 (C2S) /KALJE M Ca(OH)y KRR =45
(C3A) FKALAERINOT 2170, K B i) 2 B4 T2 SE /K /KA S e KB 7K A
S SRS XS B AT AR A Mo XS ERATH T RALAKYE RO AL 0 H flo 2T 44 30
FRICAS IR AR T C3S KAk, (HEZFIELE T C3A /KALAT Ca(OH): B (& 3.10,
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Fig. 3.11 Thermogravimetric analysis (TG) and Differential Scanning Calorimetry (DSC) analysis of

cement paste with cellulosic product as cement retarder additive

FERRVR IR 0.03% (wiw), JKIB/KALES IR 24 he

AR M 0 2 KA P 5 A Y R KB R T TR S KA R R, R PR
AR5 KA 7 W) A5 2 A T B T FRD o B 40 2% VP M FL AL 22 5 A K & P10, KAk 7 )
Ca(OH), it J2 AL I 5T 451 28 K AR AE 400-500 °C 2 [H], 1 HeAbAL 2745 5 7 0 i 7K 1) o
BRI ARS & B HKZE R RS R A R A AE =R 2 400 °C 28] (B 3.11), SEEai R
TN £ 4 F B 7K Ve Bt Ca(OH) Jid F2 3 A4 14 57 540 S 2850 22 11 %o AT e b ot HEL 43 3l
%7 25.8%M019.1%, EWILFAEZRAEIL - &5 47 D) Ca(OH)2o IRITIIESKE T 2F 4 MR IR
IFHBIE LR | IKALF ) Ca(OH): HITE R, RS K e EREE R E fAR L, R i
W Ca(OH)a fli #2225 T S50 P IR AR A 78 T2 24 2 W TR IR R 85T 72 1 xR s b xof
B T 19.8%A1 2.1%. BLE5RENIE 7 #AME TS8R

IR =45 (CA) FKTREZER Sy, EFHKIERE (24 ) TR AL
R, AP R B . R EKIET, CA E 8 h AP KA A Al
AIHAERE R A/ NEIR S AR R (B 3.12). B di st — P AR (24h 9D, K
Je IR B N B HERR G5, BRI AT B> R S b . 4 2T YR ZBE IR AN 217K
Jerfs 24 h KA TS AT B R AR B AAAE, B2 TR IR, teas RIESE
LFYEZHEIR A AT LA 7K U o S RE) I 7K A AR AT 8 22 KAk Hh 8 = ) i — 27Kk Ak
S B E IR AR N 48 T B R O SR B R e, (HR AR AT 4 ZORIRIR S RRIA 2 T
SRV AR AN — B R AR SR BEVERE, AT RS AN [ E R 18] A ik R4 BT
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Fig. 3.12 Scanning electron microscope micrographs (SEM) of cement paste with cellulosic product as
cement retarder additive
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RAGF ST ST B LA LEBAT € 58 0, URSRAT4E R IR FAT R4 B

Al 5 o



LRI KPS W45 7

E48 FERNESREUSHFELE

41 3BlE

AP S K (SSF) AR I 414 25 A= W ] v SR vy 25 2 4 2 IR FH 1R B 4K
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N T ZMOR TS A TR AN ()L [ A SR S AT AR TR A B, FEER AT
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4.2 MHES5HE
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422 PHRRFIESIREE
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PRAITRE FRHEETE I 2.2.3,
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A. niger TR 2R JESE P BRI FOKFEAT BB A IREF4E, W A. niger BT AFIAR BT 2F
Y X 73 FF
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Fig. 4.1 SSF for cellulosic citric acid fermentation from corn stover feedstock
TOREAL SR 25%[E A S, 6 mg ZF4ERBEE /g T/, 50°C, pH4.8, 12h HUEHLR . [FIEHE
WERIEHM: 10% BFiE, | vwm BSE, 33°C, 192h REEHA].
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Fig. 4.2 Evolution of strain morphology (a), particle size distribution (b) and rheology (c) in the SSF of

corn stover by 4. niger
TEAL 25 25% RS &, 6 mg HFERMEE /g T, 50°C, pH4.8, 12h FUkEILEfE]. [R5 HE
WS REEZAF: 10% BfE, 1 vwmBAE, 33°C, 192 h KR,

TEUF5A SSF it fEd, AT RN 4. niger I B L2 FAFIR T OKFEFT 45 4 50 51 h 21 28
fE—il (B 4.2a). XFhACIR A B 22 -4 4EBRAR (1) ~F- 3 RORL R ~T 72 SSF HE S 59.2 um
AR E 53.7 pm 17 5 BRI F] 104.5 pm (B 4-2b), [l tHAEERE A K BERCH EE A 0.2
Pa-s (&M% 0.1 Pa-s 1fi J5 38 1% 0.5 Pars (& 4-2¢). SSF Fif HA R 9 0RL N <1 A0 B
KR F 2ok H T A4 R B b e, mEMERARARK, HERZEGN, w2k
BT K I o 22 5 R AT AR 4 TR S I B 38 5 T 350 1 R TR RO ST ()38 hn e e 238 n 1
RER IR YE o R ) okt B — e FE R L Oakss A RAR IR R, IX T REE 0
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BT v T R R R AT R IR 2 AT H Al ) A P SRR B A R T,

B L2 - AP EBRAR RS RSF A AR /N T 0.5 mm, 3% 52 S i ROFT A e A 7 ) b B 45 At
[234]

WATHIE S BIE M SSF A% 5 W REaH 41 B SSF i FEAE AR 27 07 THIATAE 2 3 AN
Ao —fi SSF i AEH, R RE & T BT 4ERURLR T (BRI, 2 o BRI A R Y
R U250, SR, FEASHT ST SSF A REHh, i T A b T 22 AR AT £ 45 2 RO
SERAIRURL, AT 250 1 A RO FEE PR R 25 o XM s R AR A2 2 BT A Jo A% A
R, DR RS R I RE (¥ e T B2 1 SE KA Bk ik

432 EIRbRAYERITBERATS

N T I E IR AERATIEIR A A RFE L | KA RIS HON 1% SSF IS
(B 4.3)0 WFF0 R I AE K TIURE AL IR [R] 38 001 A7) 06 58 267 R A< FEEAFL [ B 0 eI 1 R 22,
At g ZATERR ) 77 R A KB (B 4.32). BEKRBGERE N 50 °C, 1H A. niger X
P 3 i 3 BB Oy 25-30 °CUO8), Oy 7 Sl B 4 1) (R B MEA RS, FRATSX 7 iR AL R
[¥) SSF (B 4.3b). Z5FRRIALE 35°C M THAPERI = Bk 3] 1 i\ KME N 122.7 g/L. 2F
YR B HR ST WA A B R R, DF A 25 T R AT 4E R B E = 11 SSF i 72
AT (Bl 4.30) o (EATERIRAE 7 BEE B B0 I BRI oS ,  HOFR RAMIn 4T 4k 3= it
HRIEEATEIR =& R KEEEEAE & SSF W FEFTF IR A=, 7T R85 R 7E T
R 7o 2 FEOR R LRSS 7 A LS M PR T AT IR G 2. it — Pt A
358 Ty ] 2 T DA A DTG R R B R i AT IR BRI i (] 4.3, (S R E M 25%
IR 30%HM, AT BN N R, AR IIFTBERI IS M 86.8%FFK
BT 74.9%. W TZESHRE, REARPIFAE 30%MEE. 6 mg LF4ERBE /g T#
F135°C KA AT T e A4 RZATIERR & (136.3 /L) HEH T 25%[H1A & & 7
G 2 By, WOR LA B AT SSF AR 7= 4 4 2 AT R T 9 = 88
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(a) Prehydrolysis time (b) Fermentation temperature
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Xylose ~ ——12h —4-24h —a-48h Xylose  —A-33°C —A-35°C —4-37°C
140 Citricacid -0-12h -©-24h -@-48h 140 , Citicacid —0-33°C —©-35°C —8-37°C
120 A
- -
= = 4
é = 100
c
s g 80
8 £
% § 60 A
=] c
= S 40
8 o

Time (h) Time (h)
(c) Enzymatic loading (d) Solids loading
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Fig. 4.3 Process optimization of SSF by 4. niger on cellulosic citric acid production
WAL 50 °C A1 pH 4.8, [FIZBHEL S A MR F: 10% EFhE, 1 vwm @S EAM 192 h KEE
[Al. (a) TBEALIT ] 25% REASRE, 6 mg ZF4ERBEEH/g TR, 35°C ARHRE. (b) [FPHiL
H5REEE. 25% BAEE, 6 mg 4F4ERE /g T, 12h AgELE A, (o) BFEE. 4+2 mg/g
K] 4 mg LI UER AR A /g T AETNELEY BOAR N 558k 2 mg 21 43R B R H /g T [ AE A RERY Bazs i,
25% [EfASE, 12 h BFELRTE, 35°C KEARE. (d) [E#E. 6 mg ZF4EREH/g T, 12h i
FEALITIR], 35 °C KRR . $tHHETHIE 20%, 25%F1 30%H 1425 & F 40734 400, 500 I 600
rpm.

433 YRR A IR B by

AT 7B/ NEF AL ER 37.5 WFEFF 41 4E 2 AT BR A= P~ 1Y Aspen Plus #7Y, 3t
s T ARG P RS R (SHF) FIFDHEL S5 KEBE (SSF) A= Frig iR % 5
Y. SHF 4151 B JATIE 2 9SCikZY, - BARER A 912 AL BEA A= P 3 75 KRS ATAE
25%[F A B E AL 48 h, T 5 7K AR BCEEAT [V 70 2 BUK ATB U T R AR B (3R 4.1).
SSF Z&41 51 14 4.3b, B ARy A0 PR REAT 285 i 2 WORE AL o ANEAT [V 70 2 B
TR HEN SRR K% . SSF ZBITT LATE 168 h K FERF A Y 3R4F 120 g/L HIFTIETR A
84.8%MI152, 1M SHF ZE /5 M 75 2 B B R e 1] (240 h) HATE R & (100 g/L)
AR (62.3%) B,
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R 4.1 FL Aspen plus BB ATHE K EE S ESE

Table 4.1 Main process input data for establishing the Aspen plus model and conversion costs

Parameters SHF SSF
Solids loading (%) 25 25
Cellulase dosage (mg protein/g dry feedstock) 6 6
Temperature for hydrolysis (°C) 50 50
Residence time for hydrolysis (h) 48 12
Temperature for fermentation (°C) 33 35
Residence time for fermentation (h) 192 156
Citric acid concentration (g/L) 100 120
MCSP (¥ /kg citric acid product) 5.79 4.10
Feedstock 1.90 151
Enzyme 0.67 0.52
Non-enzyme conversion 3.22 2.07

P ZE B R AR B LI 4.4 Wit~ P R WAAE SHE /K A i) [V B8 3230 7 R &
IR 055 1.697 ton/h #iZHE. 1.071 ton/h ABEFI 3.426 ton/h 7 TEFEAIARERE, 1M
SSF ik & HH TV B 1 [V 7 9 20 SR DA T A = B2 B vy (18] 4.4a) 0 SSF It A i 5 A1 ]
PUAERZ 327 kg #95HE (98%, wiw), i SHF A BEA- = 260 kg, H4b, SHF i 24
P WA IR 2 77 A 14.559 Wi R /K, T SSF R4 T 12.284 Wi IR /K . FrigR
Az eI AR AR R K PR A AR L A IS FR R 2, R B JE RIAE T 40 8 Al A B 7R e AR
FR b BRI P72 T KRB AIEFER /K « SHE 3 FE 2 T —ANE W 7 B8 34 LR B R A (it
B, X FET H PR EREFELL SSF I FE M T 18.4% (K 4.4b).

5T Aspen Plus BB [HAR GG 45 SRR SHF I FR2E P2 A B IR 1) B 1K
BN 5.79% kg, Herb JFURERUAS L i R AS AT EBEFE A0 BSOS 73 31 09 1.90. 0.67 A1 3.22 /kg
(R 4.1 FRIRAE = HAL B AR R 3 A A AR B 5, 2 B R RE e ke . KRB
JE R BB S aif . /8 SSF i, MrERA MBI EN A 4.10Y kg,
RAFFEBR T ENM A —2 (4.63¥ /kg, https://www.1688.com). X —&5 RTIRE IF4H
SSF T 24 A4 EFrE R EA BRI MACRIHE 7).


https://www.1688.com）。这一结果预示着有氧SSF
https://www.1688.com）。这一结果预示着有氧SSF
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Air: 8t Enzymes: 4.893¢
O, 1827 Limeslurry: 2,922t NaOH: 25741 Protein: 0.193 Sterile air: 12 t I(.:m(igsHJ)uLsuz_ch;'l_t Acid solution: 854t
HzSO4: 0.6 Ca(OH),: 0.05 NaOH: 0515 H,0:4.603  H,0 Sooal Water  Ca(OH): H,SO,: 7.942
N;: 6.069 2 o 1 Dried air: 0.626 1 0y 2.741 X
H0:11.373 ?\;a;u‘ HiO: H,0: 2.872 H;0:2059  Others: 0.097 11061t 0,: 0131 Na: 9,103 a0t H.0:14.677 H.0: 0.598 meed carbon
N;: 0495 H20: 0.156 051

N: 0.480

PCS: 62.709

BPCS: 66.008 t
Glucan: 12.937 Glucan: 12.937

Waste gas
Xylan: 1,542 Xylan: 1.542 .
ylose: 8. Xylose: CSS: 162,651t CSH: 135.857 t [ - 5 MCSP (¥/kg product)
Ssaanl e oy Glucose: 0.335 Glucose: 12.122 Glucose: 10.425 CA: 10.904 ;W | 5.79
Xylan: 9.233 Furfural: 0.233 Arabinose: 0.693 Xylose: 7.652 Xylose: 6.581 Lignin: 0.482 i 110 0.104 !
Lignin: 6.019 HMF: 0.06 Acetic acid: 0.087 Glucan: 2.329 Glucan: 0.186 H0: 114.027 |0 |
Ash: 1.301 Acetic acid: 0.313 H0: 27.016 Xylan: 1.395 Xylan: 0.111 Others: 12.975 | | s
H0: 6.618 H,0: 23.529 Lignin: 6.019 Lignin: 0.482
Others: 7.680 Others: 8.528 H,0: 121.868 H0: 112.119

Others: 11.266 Others: 5.953

q Byproduct: 12227t
Lignin residue Byproduct; 12227t

Dry dilute acid Biological

26.794 CasOy: 10.520
Solid/ligiud —G\u.cos;lag? Aerobic Uanin: 0635
Feed handing pretreatment detoxification Hydrolysis separation Xylose: 1071 fermentaiton Recovery Others: 1.023
Glucan: 2.142 L Water waster
Xylan: 1.284 417041
Lignin: 5.537 1562
H.0: 9.749
Others: 5.314 — Boiler burning
A8t Enzymes: 4.893t
Acid solution: 11,973t Oy 17  Limeslurry:2.922¢ NaOH: 1.287¢ Protein: 0193 grerile air: 16,21 Lime slurry: 265t
H:504: 0.6 Naeer ca© 5 NaOH:0257 HiQ  H,0:4603 0,37 Water Ca(OW):i7.950  HiSO« 10007 1oy air: 19601
Hz0:11.373 Steam. HO: H,0: 2.872 H,0:1.030  89.393t Others: 0.097 N, 12.280 50.57t H,0: 18.550 H;0: 0.753
66181 o

0,:0.292
— H,0: 0.21

Nz: 0.960

Activated carbon
t

PCS: 62.709
Glucan: 12.937

0
Glucan: 12.937

Wasts
Xylan: 1542 Xylan: 1542 AT
;I?Ig:e a3 bgnin:6019 -\ N o || || | MCSP (¥/kg product
8. / ) (¥/kg p )

Glucose: 0.354 Xylose: 7.486 M | Product: 12.2751¢ |

Glucan: 13.268 Galactos: 0.407 Glucose: 0.335 CA: 14.783 | CA: 12,036 :

Xylan: 9.233 Furfural: 0.233 Arabinose: 0.693 Lignin: 6.019 i P

Lignin: 6.019 HMF: 0.06 Acetic acid: 0.087, H,0: 123.3 '

Ash: 1.301 Acetic acid: 0.313 H:0: Others: 20.915

H,0: 6.618 H0: 23.529 CaSOy: 1.041

Others: 7.680 Others: 8.528

VAV AVAVAWAVAN!

Others: 9.043
NN

Byproduct: 15,011 t
CasSOy: 13226

Dry dilute acid Biological Aerobic afon\n‘;gazgz
Feed handing pretreatment detoxification fermentation Recovery Others: 0.678

L Lignin residue
Water waster.

Condensate water
50.409 ¢
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(b) ‘ Electricity: 1020 kW ‘ ‘ Electricity: 800 kW ‘ ‘ Electricity: 1266 kW ‘ ‘ Electricity: 2768 kW ‘ ‘ Electricity: 291 kW ‘ ‘ Electricity: 9489 kW ‘ ‘ Electricity: 459 kW ‘
% TN
SHF 8
N
Dry dilute acid Biological Solid/liquid Aerobic
Feed handi ificati i i
eed handing pretreatment detoxification Hydrolysis separation fermentaiton Recovery
‘ Electricity: 1020 kW ‘ ‘ Electricity: 800 kW ‘ ‘ Electricity: 1266 kW ‘ ‘ Electricity: 9810 kW ‘ Electricity: 694 kW
+ TN
SSF o
N
Dry dilute acid Biological Aerobic
Feed handing pretreatment detoxification fermentation Recovery

B 4.4 FRHIRBEITETAERFTRRE KIVRIAGEFE TS (ton/h)

Fig. 4.4 Materials and energy balance of cellulosic citric acid production from corn stover on the hour basis (metric tons per hour)

(a) YkFFT; (b) BEFETFMT. 4685 CS, T KT PCS, TAbHE EKFEF; BPCS, AW #E AN EE FOKFEFF; CSS, EKRFEF KM CSH, £ KF

KB CA, F7EIR: MCSP, BARATEIR G
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4.4 KENG

[l 20 A 5 B e A A ok A o R A o e B P A T 3, (LA sy 25 B S B
Fet BN FHEFAT AT L . AT T [ & E N D WAL S i R B A P 2T 4 R AT
RN A7, It T kRS, R0 7 HEoRGE. B BRI
(1) UESE T A.niger T LALE R A5 8N DL WAL 5 0 SR B (0 5 QAR AT IR IR
(2) A.niger W22 SREAT L YEAZIBRIE N 1 R AR VI RIURL RO AR BRI, I 20 T R ALY

R FEREE A B RREAT T I, X — BRI B A F] T B A B f . XM srRh A

A RETA] L BEAR 1 R (0 S A B e, DAL 3 B 1 AR AT AR IR 2 7
(3) L AEEL R, AT 30%E RS 6 mg fF4ERE/g TR 12 h Hih

LIS TR] J 35 °C KB E 26 AT T SKBL R B 5 R B A P A IR (R B K B (136.3

g/L), X HRTHRIE LT e AT IR IR B e 7
(4) Aspen Plus BERGGF L MR IR R WEAL S R BEAEAT IR 2E P 4R b« BOARFERR

LR AR S R K AR SE 7 T 8 R B A T o PR AL S e . 2R 2T 4 ST

BRAEZE ™ A By R P A IR AR L AT — e 59 70, IRl R

b AL I



LRI KPS W% 55 7

E5E WMEVMENESRELSFELLER

51 35

il [ep Y SRR =R 3 a8 S B B B Sl ) Ve b i S R N RN E e | S B K ST o
Y52y 1000 730, W AEVISS T A B 8-10%. EAPE it L 28 2
P 600 TMELLE, AR A AR HE C A G o AR A SE H) T E R
K E KGR G wiEAE = 7 2 e HA 78 70 i JEURERYR . HR ¥ 56 B AR ML
giitorar, 2016 FeBRIMARAE BN 1.8 {2, Hrh 40%H T AYSem L=, SR
I ANFEIA BB A AL . ARV g 2 A YA KA S R B R A A P MR o
DONF=E AT S, AHET 10 JIACHE R A T 2748 31 S REA 7 il i e A P S R 78
LS A @12

THAGEERELL W Trichosporon cutaneum, Lipomyces starkeyi, Rhodosporidium toruloides,
Rhodotorula glutinis, Trichosporon fermentans, Yarrowia lipolytica 7] DA'&E 41814 H H 20%
(vt I A BRIt A 24 PR g B33 1351930 BRI FE AN T A TR PR R 8 T 52 A= P i it
FERJET 2R /) o Chen S8 42 1 1 v IR 197 4 I A B ROIR 22 FRRE B R IR 1 hUF 114
HAH Fxs it 52k 554k, P PEAER 4k 3R IR b 2 A% AL 70 Xh il iR I 5 th 2
PR B BRI, LC A BRI T ANKE T, 05T I RE 1 TR o £ 4 2 AR AR B I
SENS, b et A F T B JEORAE 7 i i i e B R ALK, Wang S5 TUE B IR AL
HFORFEFTKAREIRTE T 8.1 g/L #MifiF. Chen Z5E[SOUR A FKC/KMEA =T 104 g/L i
& o Sitepu SR AFEX TALBEfG FOKRFEFF/KARR LI 1 15.5 g/L iR

LR AR R R A I R, R AR A . R WM IZ A
R ERRE . SR 2 SRR I S RO R RE . ARTTT,  WIR & —Fb
MO, 2R A AR B A T BUR B I8 R PRI, 18 B brid HACUT A2 IC 9
Mo EARFLFER VRIS, AR TR b ™ A BP0 AR5 2 UKL AN 2 Fo 6
BB A7 AL E— D80 1 Joh 5 40 6 0 32 ) DR e o o I e B ) 0 O 9 2 B0 4 TRl
B Qe AT EEMRRRE RS, G SR g0 SR A VAL NAE . R T Yo
T P T AN T S A e e S e PR A v T R A s R L T R . T
TR BT B R T T AR & h A, 2R RS Al 07 g e T AR
22 ZORIT ) TR PE AL TCAR IR A A T S23 1 46.7 g/L B AR

52 MEEFE

52.1 JEE A4gEREEALRT
FORFEFFUCGRT 2015 4ERK, WL EH N BT . FERMLE 31.2%4F 48 R A1 22.6%
Neofdi R, AE L4 R EEAAFEN 2.2.2.

52.2 BRI IR
Trichosporon cutaneum ACCC 20271 fifi f1E H LA A A ) 3 Fh PRk i BE A0y (o
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E, Jb5. MrEi7A N YPD (20 ¢/L i %iHE, 20 g/L S E PR 10 /L FERHEEU) .
G TERN 60 o/L Fi &I FE, 1.0 g/L BElE —E4W, 0.5 g/L BEREREMY, 0.5 g/L -L/KHR
TREE, 0.22 /L ilkk. MEEERMBEFRIETE 2.2.3,

523 TiAbER. BLEE KA

AL AN B A TE L 2.2.40 TRACER AT BE FORFEFFAE 15%B0E 20% [ 1A & &,
6 mg B /g T, 50 °C F pH 4.8 254 S HEAL 48 ho 1M fa I [ 73 B, K Aod I
SRBUKIRR . 15% KA 64.7 g/L HEIFER 19.4 /L ARHE, 117 20%7K iR A&
76.4 g/L HIEHEA 30.1 g/L AW PIFKMEBIFRME IR, B5: 1.0 g/L KHPOq,
0.5g/LYE, 0.5 g/L MgSO47H0, 0.22 g/L (NH4)2SO04.

5.2.4 BT R 20 Tk

TR T 0 7 R T8 B o 5 97 T /K ARV v T 2 B SRAS SR A M, B AR R T3 N
TAREE TR, I AW R IR I R R T S R IR AR . BN B IR A A
BrBGEAT . RSB, R ERE T cutaneum ACCC 20271 T 15% &4 & B /K iyl (e
30 °C A1 180 rpm F#57% 72 h, 1Mi)5 =0 2 min SRR, FHEIBBAHAELL 10%42%F
BRI N AR IR o O O i e 1R RO T N0 S N 1000 x g £ 12,000
x g, LRI G A P 5 BEAR T R A

FEEE BB, 18 T B KR RE R AR FH AR R TR R 2 FE DA 44 282 B9 Lo e ik R o it g 4
75T 20%[E A5 B /K R h 72 30 °C F1 180 rpm N 575 48 h, 1l Ja Vs I o 7K B
RIEERFET 12,000 x g FEL 5 min SRR, N TR SR HE /KRR
REEN 0 BB N E] 2.

5.2.5  THAEWDIH NG B AT AR I

BT cutaneum A7 RIEFFEAT T YPD B fE AR T 30°C FH53% 36 h, 1M jaHkEL
B TEEN 20 mL YPD £53: 5T 30 °C 1180 rpm FH55% 24 h, 2 J5 BB ANHH YPD
B R IATIEAL 12 he

TEA RS KB (SHF) A1, U1 L 20%[E &5 /K RRAE 3 L #EFEN 10%F 1
R 953 30°C, 600 rpm, 0.83 vvm Al pH 4.8 444 K &8 72 h. 4 M HCI [ -T-4i4F pH
faE. BRI N: 1.0 gL KHyPO4, 0.5g /L YE, 0.5 g/L MgSO4+7H,0, 0.22 g/L
(NH4)2S04.

FEFR L 53k BE (SSCF) o, T KFEFE 30%[E A& &, 6 mg 4RI EN
/g T-[EF0 pH 4.8 244 T FbEIL 12 ho TGN 10%FhF RS F2ER7E 1 vvm, pH 4.8,
30 °C F1 700 rpm 254 F KB 96 h. 4 M HCI T4 FF pH (Fa € .

5.2.6 i B A A A0

ST PR R RN SHE R BET 5, REERZL B0 JEFEA 60 °C TR0 & 41 iy
T-E (DCW), i Ja i = & A0 B A v i 2 S oo S0 R kg A7 I e 12410,

7 SSCF i1, RIBME I 550 70 B BARFIAR T 21 4 2 5 i, 17 Jo LT B AR 2 L
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H

TG o SREBCI A b Rl PR 5 2R I 5 Ml e 0 25 R B AR I 2 ik i e R B iR 2=
i R AL R R UM il - BB IR A (GC-MS) s

52.7 M EANE
AN AT AR F BARIA T B BXS1 Y5 BiEs (HA, R MEE, Nano K2 T
HBEAT 4B BRI 2

52.8 ESTHBIIE

T. cutaneum AMMITE 12000xg B5.L> 5 min, M/EEAMRERT 2.5%K% I 4 °C
%ﬁ1mﬁﬁ%ﬁ%@ﬁﬁ@@ﬂﬂﬁFﬁ%fﬁﬁkﬁ%HﬂAﬁ%%mmﬁ$Mt
ROESTH TR0 (GEE, i) ST B A IS

529 YHMEELVHAE

B 20 g REAHAE 12000 X g &0 30 min LAYTHEFTE B F40Mu24, frikm &0 /1%
PF T 40 58 BV IR R T R IR 4TI AT L SE A MR BRI R 2 529, B0 JE A R SR
SEAIMIEE . B0 fE A AN BRUTTE R, SR — 8 E/K M R BEE BT B0, T
IEH RIIE T 0.22 pm P8 Sk i I8 A AR 25 R R AR SR B3

R LN 135 Fm%ﬁ?mAﬁmffﬂE&DmemMMﬂ&ﬁﬂE,
WA o B 0 JE AR BRI AR D B R T, e g A (5-1) iFEIEE R
PR I Cpw, kg/m™):

QQEZ_W_+002'W

Po Pw P
po— RIFREE, kg/m?,
p— FIEEE, kg/m?’;
0.02— K&, kg;
w—iR A &, kg.

%®E%%@&%%%ﬁﬂﬁ%,%ﬁ%%@@%é%«ﬂwm MR (pe,

(5-1)

kgm®) "LLEE AN (5-2) THE:
p, x0.26+p, x0.74=p, X1 (5-2)

52.10 B0 FEHUE AR
ANFARER R T H B OIS BRRRAE G RIEE (drydo, R

ST U N R

(1) TEEC IV I BG4 M 5 S /KPR 3 21 B 0o /8 BE T 1T i 35 B T 1 2 21 25 0
IR, AR KA

(2) AT 8.0y E Dy RN B 0% ) 0] LA AN T, DRI AR B 200 1 44 A 1 L
T L 5

(3) B G MG O ST HEFIBR A, BRI 23 B2 0.2624;
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(4) L R o 2 T A G4 AR

(5) BOEL P AAL T E AR A

(6) I 24 e [ 2

WA K FJ7 [0) D BFE B 0 ) (F s BEEE D) (Fp FKF 518173 (Fi) (& 5,10
AR 174 5 30 e e i S AR 52 ) 73 i A 1K
d’r,
c dt2
m—HAN i, kg;
m, :pch'

—BRAEAR, m’
V, = 4nR” ;

3
—RAHHEAE, m;
— B TE], o

F-F-F =m (5-3)

= =
Under T
ultra-centrifugation T T
E> Fy—F¢ F

B 5.0 B R A AR 4R 2 JI A
Fig. 5.1 Forces analysis of oleaginous cells during centrifugation

Horb By AV IT RS, Fr BT, Fo 07,
BOLIARRAF, =Vp0'r, Hh o REOHHEE, s n REOHEE, mps.

. dr. vt e - R
BRI, = Gﬂan—:, n R RBEEWREE, m¥s. WA RRFAR =V, p0’r, . 1k

AL (5-3) ATPAEEALA:
d’r,

2. 2 )

Vep ot -Vopo™fs - 6mR —= dt Pe g2 (5-4)
o

d’r, 6mR dr, p 2.

at TV, at T, D0 (5-5)

. dr, o X e

BIRARAE 1=0, r=ro, o0 =05 ro AN B LHIFI/NEEE (005, m). AR (5-
S)E ST N RBM S TR, v K dry/dt BSRAT AR T LAS 2N N

r, = C, exp(4t)+C, exp(A,t) (5-6)
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52.11 JHEH NADPH Fl Z-CoA & &5E

B R TE A S 7235 1 F 30 °C A1 180 rpm 25 F 1597 24 hy 48 h % 72 h. HX 10* 4
PfL B AT o 1T 5 SR 7 BT 2 AR R A A PR A =1 ) TY92- TIN 75 ¥ Sl ([,
T BATHEE, M NADPH 4 &/ ZFE-CoA KA TN RS AEMF ARG IRAF (F
B, 750 [4HEs T NADPH)R & A 4 -CoA 2 Hr ik &l &

5212 ZHREEL 3 E

BN 5 SR S R AR R PR A E o B 80 mg v R T1R4i i T R 2 &
AN 1 mL 72%¥RBRERAE 30 °C /K 1 ho 1 JE¥8 N 28 mL BHAUK R R IRIRE N 4%
121 °C NERfE 1 ho BRMFS RN CaCOs AR HRPE, FEMEO . FokE Sod I8 5 K H
HPLC 7 52l 5 ] 40 W8 A0 -H- 53 08 00 502 11 460 05045 3 i 9 6 SRBE AN 1 52 SRS =

JUT & 8RB AR 5 o B 50 mg V4TI 40 7R 0 6 N HCL £ 105°C T
I B AAR  A FE  HE T fEd e e A R AT, EET 5 mL E4likd. B 50 uL &=
RIS 50 pL 35T A (1.5 N NaxCO3 ¥ T 4% SN B £E 100 °C £5F 20 min. 1
JE R0 350 uL 96% ZEEFN 50 pL &5 B (1.6 g p- - H & IEIKH T 30 mL ¥k HCI &
30 mL &%) JRAIJEE 520 nm B T IE BOGAE 3 I T A [R5 4 it 22 2 7 26 0l
IHREW I E S AR 2R, ST EAREAN LT AR,

53 R5THR

5.3.1 R B0 T 32 R e B 55 T R g vt Rl Al A

T R R PR A R SIE UL v 7 e I AR DG Bl o i v 5 e R A M S AR S 1, BT
R T P B O R (4 5V e MR R T cutaneum (18] 5.2) o R B L i
M BB TR T KA B HE 0 ORISR, ORI N AR IR . B IR R
2 o o 24 O A 15 38 B R R ) AR A o R T B O BT ICE 23 AN B BUEAT
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Fig. 5.2 Ultra-centrifugation screening of 7. cutaneum
(@) FE—WrBifiik; FEFRFM: 15%0E & EKER, 10% L EMpEEME, 30°C, 180 rpm, 72h
Higrs IR mE AL 2 mine (b) H TRBORLL; BEIRAAAE: 20%[E SRR, 10%IE
AR, 30°C, 180 rpm, 48 hIEJR; FHULsEMF: AEABAIKFRESAE 12000 x g &0 5 min.

FMr B, BEFIRTKRIISEARBE T cutaneum ACCC 20271 B0 2 min J5 W B L
JEA AR R T N R IR IR, AR IR IR R T AN IR R 0 g AR T i ik s - (I
5.2a) 2 vk AR AT HBE A 0 ARG INAS A SE T . BEAE B0 J1 AN 1000 x g 3G
F 4500 x g F1 12000 x g, IR MEAIH) 25.3%H N5 58.8%F 77.3%. B )5 &HE—
BRI E KT, T4ii T B 9.6 g/L #mE 10.5 g/L. MIRTFEEKG LA T
cutaneum MS28,

BB O ) B RIER] AR mEKE, EE O REMET. AT
BE— DI 50, W U FH I T 7K AR A e s B2 AR ARG B A R, 21
G AR AR A (18] 5.2b). BEAE BB K MR BO0 N, B IR AN, BRI
AN R R e, (SR R RN, R RE O R RERSAT A, T RE TR
g, M EATRE T 28 i R A A e S R IA R T 86.8%. mZ
R 2N T cutaneum WL97 .

W FIE I 73 A A 5 B 5 3O 18 B PR R B PR REBEAT T 3RIE (] 5.3). Z52RKR W]
FEE T 2R AR, TR PR B S s AR b A A & . B IR TR vk
T. cutaneum MS28 &AM G~ B 3.3 g/L $&mi 3 1 14.9 g/L, M A MRS &M 17.1%
IR T 44.5%. —IXIFIEREMK T cutaneum WL9T it — D E MR~ &S 19.5 g/L, U
IS G A 67.2%. IXLEAEIRARNT, I A0 IR ST — M AR RO R T B
G Ty, ORI 1 AR R e SR RE T, BETSREL T 5.9 IR R L 3.9 1

MRS R
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Fig. 5.3 Fermentation performance of screened strains 7. cutaneum MS28 and WL97 in hydrolysate
IS 20%[E (A, 6 mg £F4ERMEER A/g T/, pH4.8, 50°C, 48hHlfL; KEEFMF: 600
rpm, 1 vwvm, 30°C, pH5.0,3L &, 72 h K.
532 ETEECRE AL L A E
N T A B O IR AL, B SUREAL 1R T AR R IR AT 1 AR SRS

(R 5.1, KLHBUEEOIFIE, WA M 1124.0 kg/m®  (ACCC 20271) B#
iK% 1060.9 kg/m*® (MS28), Ti~FIJZHMI -4 1.34 <10 m G F] 1.75 <10 m. ZH—
B B 03 B 2 5 40 ff 23 Pk — D BRI B 1034.2 kg/m® (WLO7) o M4 S 1 1k 3 B B9 00
T DLE [7) b 175 40 0 2 B2 ) BRI
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Table 5.1 Physical parameters of fermentation broth and oleaginous cells during centrifugal screening

Physical parameters Parental MS28 WL97
Broth density with cells, pp (kg/m?) 1053.1 1054.7 1056.4
Broth density without cells, pi (kg/m?3) 1051.1 1054.5 1056.9
Cell density, pc (kg/md) 1124.0 1060.9 1034.2
Cell radius, R (m) 1.34x10° 1.75x10® 1.69x106
Broth viscosity, 7 (kg/(m.s)) 1.22x10°3 1.28x10°3 1.24x10°3

RIEFAF: 500 mL FEHH, 20%[E 42 & FORFEFF KM, 30°C, 180 rpm, 48 h #57%.

FFME S5, R AR (5-3)0 (5-4) K (5-5) THE1S B4 550
HAEALFE (B 5.4). fEROYIEIZ], 05 e O FER %A~ 0.05m (rp). 1E
12000 x g B0 HZAE T, SEARERE T cutaneum ACCC 20271 X7 22 s BRI AT HIE A 5 5]
BLESMEE (rp, 0.036 m), JREAE 48 s WIER BB OEIRE (2, 0.022m) (B 5.4a).
Horb o tHRET K7 1052 JJ VR BETRL T A1 70 J1 SRR 2. SRR MEE R I 120 s B0 e
AWK T 2T TR OERES, X—IWRE5IHHELSRMEYE .

HIRTHIEFE R T cutaneum MS28 2214 5 min Z.0MY 3 0.025 mm, FFARIE R O
EANEE, DR R T B R R, R e e R bR R B iR A Rt T
AAT M. BB, AT T cutaneum WLOT 1E 25001t F FR I A 5 n) 2500 4k
BEJT A3, a2 sH I B OIS S, T A MG B2 B0 Her B O Al — 00 £ P B
o SEBREOEEREXH T cutaneum WL9T K Z KL 0 b, g R G
S FA L IMUESE 7@ A i ) 2 A5 A ] S

M AKIIN R BRI, Mke 7 R EEES B, DR AE B O a5 P {458 %85 B A X 2
SRR, T R A R SR A IS 2 B B A A R A VR BJR . BRI
IKEIGIN, TR MRk, B 24T B i IR A

WGBS Lo 328 T v B D i AN AT LSy e 4 B i e, tIEH T4~ e &
H. ZRWEEMLHIFIL. T EAMMIRIL, 7FEAAMEERE ARG 0 )3
T T 0 2 A3 B e L 4 i T 45 281 1 7 B R
533 IR 4HME AT Lot iE A B g AT

W T RE— 52 1 I B Lo i ade 0o A T A8 2 A R AR R 2 o 37 S FRLBE 0 A
IR B O O T S IR R RS R A T E R (B 5.5). TEH IR DU R
W (240, SEARBM T cutaneum ACCC 20271 NIELERIR, 1 P 5732 B HR o A RERCIR
H. T cutaneum MS28 ML T T cutaneum WL97 L& HE K. WHEREEE# (72 h),
PR R B P T MR RR IS O, R L TR AR N I MA S E IR 2 . T HL
T. cutaneum WL97 ZHMI SNV, MO 78 le /Ma, B R A RCE R s /M)
B BRI E I =R B4 AR TR T4/, (B kS REK, H
017 120 ] AR 24 O B P S VR T SR AR TR AR
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Fig. 5.4 Verification of centrifugal screening model
BERAAE: 20%[E 1A & BOKMEW, 30°C, 180 rpm, 48 h #59%; B0v77: 12000 x g, SO 5

min.

Parental T. cutaneum T. cutaneum MS28

Bl 5.5 WEBRESEER
Fig. 5.5 Cell morphology of oleaginous yeast
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Fig 5.6  Cell wall compositions of oleaginous yeast

1E BOR 22 e BE (T cutaneum) 1, NADPH J2& i i5 & 500 S B4l (& 5.7). 20 HF
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Fig. 5.7 Metabolic flow chart of lipid biosynthesis in 7. cutaneum
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Fig. 5.8 Intracellular NADPH and acetly-CoA content in oleaginous yeast

5.3.4 ik AR 4E R i T A S S A

N T AT SRR A 4E MR A, AR TS T AN RR B RNS, B dE: [FDhE
WK (SSCF) [ P8 kBia. 5 SSCF 1, ffiife ARk S5 7] 58 4 Mo A AR B 21
UEFAUR I T BESR A ith g TSR AR AR AT+ 20 HA FH AT 6 (&1 5.9). 423 96
h KEE, TEHER T cutaneum MS28 A1 WL97 435 A AZE 72 34.4 o/L F11 38.6 g/L Mg,
M2RA BRI AEIRTS 7.5 /L WhiflE. 9 7 IRma &, BAT FRFEAT AT 118
Ve LIRB R K73, T I P HEAT PilA B A5 A= VR #RAE o T cutaneum WL97 R FH/KPEREAT )5
BHRATTLIERTT 41.6 g/L hllE (B 5.102). 9T SRR A=, AHE 724K
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BRI 30%[E A E FHEAT SSCF, 24 72 h BRIFEFERNS, M 35% & 4 & B kit
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it 5.2% R FR S B iR & B GlIE 2 EE<900 kg/m?) B4 25t BA MR e
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Fig. 5.9 Simultaneous saccharification and co-fermentation (all sugars) for microbial lipid production
(a) F&EME: (b) A¥E: (o) BUHrpEMEINE: (b HEbE: (o M. PR 30%MH 4
FEEKREFT, 6 mg LF4ERME /g T, 50°C, pH4.8, 150 rpm, 12h ikEfk: KEEHKME: 30
°C, pH5.0, 1vvm, 10%$#M &, 700 rpm, 120 h KF%.
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Fig. 5.10 Simultaneous saccharification and co-fermentation and semi-continuous fermentation for lipid

accumulation by 7. cutaneum WL97 using washed corn stover

(a) T KFEFERIBHRERD A KO FHET IR, ZJ57E 30%E A5 &, 6 mg 2F4E
KEEEA/g T, 50°C, pH 4.8 Al 150 rpm #EAT 12 h Tk L, 12 h FiikEfL: MJS7E 10%BEME, 1
vvm, 30°C I pH 5.0 K% 120 ho (b) JHBE R KFEFFLE 30%E A S &, 6 mg “F4ERliE/e T
[, 50°C, pH 4.8 Al 150 rpm #EAT 12 h TikEA, TM/E1E 10%4%F&E, 1 vvm, 30°C Al pH 5.0 K%
T2he ZJG, B 12 h I 10% AR LG 35% W4k & 5 58 A A, RIS T80 AR R AR B o

[F A WE A R A AR P Tl B BRI AR, T R R AR A 4R
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BRI MZE SR BURIE RN T 702, XRG4 M wT LUK B o3 B8
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Fig. 5.11 Specific separation of oleaginous cells from residual lignin by enzymatic hydrolysis of intrinsic
cellulase in fermentation slurry

TRATVXT AT T ARG AT 2 2% T I P R P 45 SR 5 SCRAROE 3R AT T EBAR (3R 5.5). T L
EIETE R AR A Y R R R i IR I 2 I ASKERAPE), AR A 51 T B e 1 i i
PR o W R AR AR R T AR FH oK B - A0 4 2 /KR R B R, T ok 1 R AR e 25
WM R PR T 104 g/L wWifig= &0, 05 R IESCEL 1 B 16.3 g/L HIHIIR A
725 AR KA = ARt 1 4 2R i P 1) A P 5 T3 7 5 P v W 40 2 PR 1 ik g = i — 2D
S im0, PR R RN 1 A1 4 2 B ) JCA S s, SRTAT, TR AR R I e A AR
R AR OB R . T AT AR BE R i &8, Gong SFPER A AP HEL S K
BETTEAGRAS T 151 /L ifiG . AHE TR A R AL 5 3 Rk W) 7 2058 4 A AR B 41
e RIE PTG BERSCI 7125 ikl ig =& (46.7 /L) RS E (66.3%). M
HEAE =4 (10.4 g/L/day) AR 2 (0.22 g/g HHE).

W 725 52 7 i B b B W R PR B, R I R R EE I AR I IR 7y, H &
70%, FHEFEETHMERBASE (5.6). FlRESEEWE MG EHFHPE
e Re KA S, W AR = (R AR ) S M R TE AR
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Table 5.5 Lipid fermentation performance with different microorganisms using lignocellulose feedstocks (ithout any concentrating steps)
Feedstock Biorefining methods Strains Lipid content  Lipid titer  Lipid productivity  Lipid yield Sources
(%) (g/L) (g/L/day) (9/g total
sugars®)
Corn stover Dry acid pretreatment and T. cutaneum WL97  66.3 46.7 9.3 0.22 This study
biodetoxification, SSCF
Corn stover Dry acid pretreatment and T. cutaneum MS28  61.0 34.4 8.6 0.21 This study
biodetoxification, SSCF
Corn stover Dry acid pretreatment and T. cutaneum ACCC 27 8.1 1.1 0.06 [248]
biodetoxification, SHF 20271
Corn stover AFEX pretreatment, SHF C. humicola 40.0 155 N/A 0.12 [239]
UCDFST 10-1004
Corn stover Dilute acid pretreatment, SHF R. graminis 34.0 16.3 54 0.08 [246]
DBVPG 4620
Corn stover Dilute acid pretreatment, SHF M. isabellina ACCC 345 4.8 1.2 0.15 [149]
42613
Corn stover Alkali pretreatment, water washing, SSF C. curvatus ACCC  N/A 15.1 4.7 0.18 [247]
20509
Wheat straw Dilute acid hydrolysate M. isabellina NRRL 36.3 4.4 0.7 0.07 [249]
1757
Wheat straw Dilute acid hydrolysate, overliming C.curvatus ACCC 335 5.8 0.8 0.07 [147]
20509
Corncob Dilute acid hydrolysate overliming T. cutaneum CHO002  36.0 104 2.1 0.20¢ [150]
Corncob SHF T. dermatis CH007  40.1 9.8 1.4 0.16 [250]
Palm Empty Alkaline pretreatment, dilute acid C. tropicalis X37 40.0 2.7 0.9 0.14 [251]

Fruit Bunches

hydrolysate, activated carbon, overliming

BIF TEANZ 28 By R i 7 o R 0 R V2 R PR R P A L8 7R A BT i Tk 2% AR B3y WL 7132 T < ol g o 22

PO YRR, A ER AT R B R . P TS B Dien SE252, AR FOKEK BT 51 B Chen 25253,
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Table 5.6 Fatty acid profiles (%) of lipid produced by different microorganisms using lignocellulose feedstocks (using the directly hydrolyzed sugar streams

without any concentrating steps)

Feedstocks Yeast species Palmitic acid  Palmitoleic acid Stearicacid  Oleicacid Linoleicacid  Others Sources
C16:0 Cl6:1 C18:0 C18:1 C18:2

Corn stover T. cutaneum 17.0 - 8.6 74.4 - - This study
WL97

Corn stover T. cutaneum MS28 16.1 - 7.8 76.1 - - This study

Corn stover T. cutaneum 19.4 10.7 6.0 42.11 4.3 17.5 [137]
ACCC 20271

Corn stover C. curvatus ACCC  25.3 0.6 14.6 51.1 5.9 0.6 [247]
20509

Corn stover M. isabellina 24.6 2.5 3.8 54.5 10.6 4.1 [149]
ACCC 42613

Corn stover R. graminis 20.5 - 7.2 42.1 17.2 13.0 [246]
DBVPG 4620

Wheat straw M. isabellina 26.2 15 6.8 49.9 9.0 6.4 [249]
NRRL 1757

Wheat straw C. curvatus ACCC  25.9 - 15.2 47.7 6.4 4.8 [147]
20509

Corncob T. cutaneum 28.0 - 16.5 46.6 4.9 4.0 [150]
CHo002

Corncob T. dermatis CHO07 27.7 - 13.6 43.4 10 5.3 [250]

Palm empty fruit C. tropicalis 26.2 4.8 95 24.7 18.5 16.3 [251]

bunches X37




LRI KPS W71 R

54 AENG

AR FEATERTT T R B IR SR I IR BRI R, FE 4 G IR ) AT L
N, [FIB 25587 B O e X AR I A 22 TR & AR Aok BEvERE RS, 32
BERBIM T4 ®:

(1) 2T v v 2R G0 M 25 P AR R P, R 200 36 7 P A PT DA 25K 34 1 7 i g e 3 5
T 168 T B o 7 35 X P B N o 73 B T B /K B B A FH o AR e 1A, SIS
PR R T 1 B ) PO 4R T

(2) HEMTES R, RO T AR ST 20 B Bl 2[RI I PR AIS T AR R, SN T
SHMAARR; B ALRTAR R 1 ARG B ARG - SEER ISR, W] T AN [E M A A A
7 B AR B 075 226 VPA

(3) S CoFRTE 0 T B P I i A S AT Acetyl-CoA A4 NADPH ()& &, $#27+
T T cutaneum X5 £F 4 3 K5 22 W (1) FH 2036 o AROWE 2 T ge A 2 BH 8 1 55 0 T
AN T AU RAR, T ELRRAR T H MBS s 4B UE SO R AR A R
BRI 53 v B i SRR B SR . IR ST A S U i i Y K AR R BIE T 4
72 176 BRI IR 26 77 R ) K IE SR T B2 R 2 —

(4) % B AR T LUIE S [R]85 A S R 9 7 3058 2 R AR 1 41 4 3 RV 1) 4 i 2 e i
NI AE T TR A B R AL BE 34820 R1 FE 46 46 0 o 7 30% 814 25 8, ik v Bk T DAAE = 38.6
o/L Mg, TJRMEHEMA AR 7.5 g/L. WEFHt—B R &S k7, 161
IEFERIRAT T 46.7 g/L NG IS 5.2% 483 70 F i ig & & Gl iR %5 B2 <900 kg/m?)
BRI T AT R IR AR SR (3%), PRI A R4 1 B AT 5t



72 1 HEFET KPS

FoE HiLtERE

6.1 %58

AW T R AR T I B AR A AE IR R 27 i CREBR AT AR IR ) 1 oMb AL

R 7. e 2 AR ] v SEBI S KPP A P A R AR R b SR I . AR

MM, e B B I AR B B TR AR AR 2 QB VE Il A e fif e e R E B BTRLAE A

Al B2 RN R B I T AR i 2R, SRR AR BRI AR A AL T R AR o B 44

B B SR IG IR TR R A AR B, ST R T B R R U AR R, 3 T R e e A T

PERE. (AN, [ R A AE T R T =) 0 B Al A J 1 AROR IR P o 3 M8 i) R 1) A7 A ™

HILFHAT T AR i A R B AL R

(1) ASCEBIT T B E AR A4 2R R AR, IR A B S B N A
RIE T BEA AR TR TT R . 45 53R W B4 5 & 1 38 5 25 Hh PR A1 1 280
Phes A RIERE T B AR [A) S5, AT DASE e A R AR, SR v )
PERRAE 77 o Tt — B R AT RIRAR ) AL T AL AR I B g i e vt, BR
KR T R R R E SRR A EFE

(2) F5E 7 AYERERR I EOR B A o AR BT B80S AR 5T 21 4 2 SRV5 1R T A R S R
HAREF A HEEST, B EF] RS, 2 2508 4 40 i fhe A4, 77 XA RE S
SEAFEAL . AW EAR KL, SEEL T PLR R T 58 S AL BT BESS B A N
PEIR . S A PR R FORFEAT R4 180 g/L (MR ==, S5k el 7=
PEIR P B HF T

(3) RF T R WEA S5 1 R 7 A AR IR M W AT o B S0 W) P b 85 mT DAZE /& ]
R BT A 4 R AR R SLILRDPREAL 5 R T A PP AT AR TR, (H L B Tl S AH T HAdy ™ o
ARG, P RE R RE T8 T R 22 SRS RURE I AS IBEG N 1 R B VORGP JE TR 58 1
ARSI R . B AT B AR R 5 A 2R RS AT SRR 72 1 136 /L [T
B, AMCEPRAKFRE T 36 %=, BN TR FHHT 5.

(4) VEA T [FZDREA B R 3R A B AR PR AR P T T 77 o I SRR T v T AR A P A
REI SR BRG] 1 — Pl B 0o i e 77 VR & w7 I R B B . SR I SRS A5 52 T
REEFEER) S, I3 7 AR AR K S 4 M B AR . GIOU AR AT 2 BT 12 40 7 126 1
5 1 RS TE Acetyl-CoA FISCHEAHEF NADPH &, [FIN 5546 1 4n B b H 5
SRV SRS e 4IRS T AR R 2R ROE 1250, &0/ 1% W AR e A
FEREIRTTE RN . R, T PR DL RIE B S SR IR A A i B R i T 30
AR AT 2 ZORIR I T A HESAE P2 T 46.7 o/L i fiE, AHELSCHRIRE (16.3 g/L) 2
w1 3 AR PRI R A A 4 R B 07K eSS0 1 I e 4 i 5 R ot R Bk
R e B, MR 1 e A B B R T b T 40 B S AR R ]



LRI KPS %73 W

6.2 BIFH

(1) AT 1 m R AT 4R R AR R AR AR, R T A T R B ] A
AR — MR, R SE TR A I RN I SRR IR OGBS E L, St T e
[ R A 2 R e R IO R T 2R

(2) HIXSEDL T mE RS BN R S a U A, s R B AR AL, BRAS T
AP A YE AT IR

(3) 2wy & H R A S AR S B, TP 1 — Pl B R e VR I B v vk AR B
RERTE T A SR AE R E A AT, SEIL TR B AT 4R BRI Y A B SR
23 i BRS  VE A

63 BHE

AT TR I S R e L 2 S B 1 AR ANA L S it B 2 7 e A, AR A

T AR AR AR, AT AR BRI AL R B8 5E 1 RS (HARHE S AT

FAAE— SR A A — BT

(1) DEEATER IR A B o R P T R M A P AN I BN 2 — o SR il B2t AT [F) 20
WAL S KB E AT IR T 2 192 h A BESE, A2 JLAh ™ i R Wi 1) 1) — 1% . @
AR R A ECE R RS TT AP R R I R S SR AT R A Y
THZ

(2) A. niger FEATERIRA W M Ek, C4) T TAAER . RIFE4ERERER 1 &
AR EAEYIAR R B R G B RIR AL, I8 AR DR B, (H A, niger L EER I %1 B
—RRIR . R 2 WEILR A RO A niger FIFH AR 274k R R P2 g TR 1) S
] BRATTE . @ AR TAEUE SEIL A niger X 22 WE2 (W 2L B W AR R Mgk 41 4 35
PRI ) P A B HEAR

(3) VI T. cutaneum F2 a5 AH I3k BE X il A G BRI RE T o ASHT U0 I 1 00 7 6 (14 I AL
B ARSI SR SR R EAT TR L, IR O kiR 13RI AR A
WAREREETIS, 1 DNREFEEIR B E R T RMRES. Saijin] LU TR
PR M 25 DAVAL H G i IR 5 s, 2 o T F Rt A 5 R 42 R i 42

(4) 5o T B0 O 8 T VR A T T o B I R0 T B U VR D IO N TR R e T
cutaneum [k, SEHIL 155 JH AR AN AR B I BRI ST LR 1 AT
VA TE M T AT AR B R R AL 7, (H A S R 2 P e e

(5) R4 MR \AL TPl . AN T O SR R 25O e 7 VAR T = R B
HSEIL T AU MR A KT B B BR&iise . (HILBE S AL TR, R Hdt
ITEARZGHE VRS .



¥ 74 1 HEFET KPS

[9]

[10]

[11]

[12]

[13]

[14]

[15]

EE

Diwan B, Parkhey P, Gupta P. From agro-industrial wastes to single cell oils: a step
towards prospective biorefinery. Folia Microbiologica. 2018, 63(5):547-568.

Soetaert W, Vandamme EJ. Biofuels in perspective. In: Soetaert W, Vandamme EJ, eds.
Biofuels. United Kingdom: John Wiley & Sons, Ltd., 2009:1-9.

Shields-Menard SA, Amirsadeghi M, French WT, Boopathy R. A review on microbial
lipids as a potential biofuel. Bioresource Technology. 2018, 259:451-460.

Peters W, Jacobson AR, Sweeney C, Andrews AE, Conway TJ, Masarie K, Miller JB,
Bruhwiler LMP, Petron G, Hirsch Al, Worthy DEJ, van der Werf GR, Randerson JT,
Wennberg PO, Krol MC, Tans PP. An atmospheric perspective on North American carbon
dioxide exchange: CarbonTracker. Proceedings of the National Academy of Sciences of
the United States of America. 2007, 104(48):18925-18930.

Feldman DR, Collins WD, Gero PJ, Torn MS, Mlawer EJ, Shippert TR. Observational
determination of surface radiative forcing by COz from 2000 to 2010. Nature. 2015,
519(7543):339-343.

IEA. World Energy Outlook 2014 Executive Summary, 2014.

Ahmad AL, Yasin NHM, Derek CJC, Lim JK. Microalgae as a sustainable energy source
for biodiesel production: A review. Renewable & Sustainable Energy Reviews. 2011,
15(1):584-593.

Jackson RB, Vengosh A, Darrah TH, Warner NR, Down A, Poreda RJ, Osborn SG, Zhao
KG, Karr JD. Increased stray gas abundance in a subset of drinking water wells near
Marcellus shale gas extraction. Proceedings of the National Academy of Sciences of the
United States of America. 2013, 110(28):11250-11255.

Wyman CE. Aqueous pretreatment of plant biomass for biological and chemical
conversion to fuels and chemicals. John Wiley Sons. Ltd, 2013.

Amiri H, Karimi K. Pretreatment and hydrolysis of lignocellulosic wastes for butanol
production: Challenges and perspectives. Bioresource Technology. 2018, 270:702-721.
Greene N. Growing energy. How biofuels can help end America's oil dependence. New
York, USA: In: N.R.D. Council (Ed.), 2004:78.

Liu GD, Qu YB. Engineering of flamentous fungi for efcient conversion of lignocellulose:
Tools, recent advances and prospects. Biotechnology Advances. 2019,
https://doi.org/10.1016/j.biotechadv.2018.12.004.

Huang RL, Su RX, Qi W, He ZM. Bioconversion of lignocellulose into bioethanol:
Process intensification and mechanism research. Bioenergy Research. 2011, 4(4):225-245.
Orts WJ, McMahan CM. Biorefinery developments for advanced biofuels from a
sustainable array of biomass feedstocks: Survey of recent biomass conversion research
from agricultural research service. Bioenergy Research. 2016, 9(2):430-446.

Rajendran K, Drielak E, Varma VS, Muthusamy S, Kumar G. Updates on the pretreatment
of lignocellulosic feedstocks for bioenergy production-a review. Biomass Conversion and



LRI KPS %75 7

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Biorefinery. 2018, 8(2):471-483.

Alvira P, Tomas-Pejo E, Ballesteros M, Negro MJ. Pretreatment technologies for an
efficient bioethanol production process based on enzymatic hydrolysis: A review.
Bioresource Technology. 2010, 101(13):4851-61.

Yoo CP, X. Pretreatment of lignocellulosic feedstocks. In: Li YK, S.K., ed. Bioenergy:
principles and applications. Blackwell, Hoboken: Wiley, 2016.

Ruiz HA, Rodriguez-Jasso RM, Fernandes BD, Vicente AA, Teixeira JA. Hydrothermal
processing, as an alternative for upgrading agriculture residues and marine biomass
according to the biorefinery concept: A review. Renewable & Sustainable Energy Reviews.
2013, 21:35-51.

Kim JS, Lee YY, Kim TH. A review on alkaline pretreatment technology for
bioconversion of lignocellulosic biomass. Bioresource Technology. 2016, 199:42-48.
Zhao XB, Zhang LH, Liu DH. Biomass recalcitrance. Part II: Fundamentals of different
pre-treatments to increase the enzymatic digestibility of lignocellulose. Biofuels
Bioproducts & Biorefining. 2012, 6(5):561-579.

Bhagia S, Kumar R, Wyman CE. Effects of dilute acid and flowthrough pretreatments and
BSA supplementation on enzymatic deconstruction of poplar by cellulase and xylanase.
Carbohydrate Polymers. 2017, 157:1940-1948.

Silveira MHL, Morais ARC, Lopes AMD, Olekszyszen DN, Bogel-Lukasik R, Andreaus
J, Ramos LP. Current pretreatment technologies for the development of cellulosic ethanol
and biorefineries. Chemsuschem. 2015, 8(20):3366-3390.

Zhang JA, Wang XS, Chu DQ, He YQ, Bao J. Dry pretreatment of lignocellulose with
extremely low steam and water usage for bioethanol production. Bioresource Technology.
2011, 102(6):4480-4488.

He YQ, Zhang LP, Zhang J, Bao J. Helically agitated mixing in dry dilute acid
pretreatment enhances the bioconversion of corn stover into ethanol. Biotechnology for
Biofuels. 2014, 7.

He YQ, Zhang J, Bao J. Dry dilute acid pretreatment by co-currently feeding of corn stover
feedstock and dilute acid solution without impregnation. Bioresource Technology. 2014,
158:360-364.

Liu G, Zhang Q, Li HX, Qureshi AS, Zhang J, Bao XM, Bao J. Dry biorefining maximizes
the potentials of simultaneous saccharification and co-fermentation for cellulosic ethanol
production. Biotechnology and Bioengineering. 2018, 115(1):60-69.

Qiu ZY, Gao QQ, Bao J. Engineering Pediococcus acidilactici with xylose assimilation
pathway for high titer cellulosic L-lactic acid fermentation. Bioresource Technology. 2018,
249:9-15.

Qiu ZY, Gao QQ, Bao J. Constructing xylose-assimilating pathways in Pediococcus
acidilactici for high titer D-lactic acid fermentation from corn stover feedstock.
Bioresource Technology. 2017, 245:1369-1376.

Jonsson LJ, Martin C. Pretreatment of lignocellulose: Formation of inhibitory by-products
and strategies for minimizing their effects. Bioresource Technology. 2016, 199:103-112.



76 Tl HEFET KPS

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Jonsson LJ, Alriksson B, Nilvebrant NO. Bioconversion of lignocellulose: inhibitors and
detoxification. Biotechnology for Biofuels. 2013, 6.

Kim Y, Ximenes E, Mosier NS, Ladisch MR. Soluble inhibitors/deactivators of cellulase
enzymes from lignocellulosic biomass. Enzyme and Microbial Technology. 2011, 48(4-
5):408-415.

Singh B, Kumar P, Yadav A, Datta S. Degradation of fermentation inhibitors from
lignocellulosic hydrolysate liquor using immobilized bacterium, Bordetella sp. BTIITR.
Chemical Engineering Journal. 2019, 361:1152-1160.

Pienkos PT, Zhang M. Role of pretreatment and conditioning processes on toxicity of
lignocellulosic biomass hydrolysates. Cellulose. 2009, 16(4):743-762.

Kim D, Ximenes EA, Nichols NN, Cao GL, Frazer SE, Ladisch MR. Maleic acid
treatment of biologically detoxified corn stover liquor. Bioresource Technology. 2016,
216:437-445.

He YQ, Zhang J, Bao J. Acceleration of biodetoxification on dilute acid pretreated
lignocellulose feedstock by aeration and the consequent ethanol fermentation evaluation.
Biotechnology for Biofuels. 2016, 9.

Kim Y, Kreke T, Hendrickson R, Parenti J, Ladisch MR. Fractionation of cellulase and
fermentation inhibitors from steam pretreated mixed hardwood. Bioresource Technology.
2013, 135:30-38.

Dietrich K, Dumont MJ, Del Rio LF, Orsat V. Sustainable PHA production in integrated
lignocellulose biorefineries. New Biotechnology. 2019, 49:161-168.

Zhang JA, Zhu ZN, Wang XF, Wang N, Wang W, Bao J. Biodetoxification of toxins
generated from lignocellulose pretreatment using a newly isolated fungus, Amorphotheca
resinae ZN1, and the consequent ethanol fermentation. Biotechnology for Biofuels. 2010,
3.

Ran H, Zhang J, Gao QQ, Lin ZL, Bao J. Analysis of biodegradation performance of
furfural and 5-hydroxymethylfurfural by Amorphotheca resinae ZN1. Biotechnology for
Biofuels. 2014, 7

Modenbach AA, Nokes SE. Enzymatic hydrolysis of biomass at high-solids loadings - A
review. Biomass & Bioenergy. 2013, 56:526-544.

Viamajala S, McMillan JD, Schell DJ, Elander RT. Rheology of corn stover slurries at
high solids concentrations - Effects of saccharification and particle size. Bioresource
Technology. 2009, 100(2):925-934.

Dibble CJ, Shatova TA, Jorgenson JL, Stickel JJ. Particle morphology characterization
and manipulation in biomass slurries and the effect on rheological properties and
enzymatic conversion. Biotechnology Progress. 2011, 27(6):1751-1759.

Zhang J, Chu DQ, Huang J, Yu ZC, Dai GC, Bao J. Simultaneous saccharification and
ethanol fermentation at high corn stover solids loading in a helical stirring bioreactor.
Biotechnology and Bioengineering. 2010, 105(4):718-728.

Gandla ML, Martin C, Jonsson LJ. Analytical enzymatic saccharification of
lignocellulosic biomass for conversion to biofuels and bio-based chemicals. Energies.



LRI KPS W77 W

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

2018, 11.

Mosier N, Wyman C, Dale B, Elander R, Lee Y'Y, Holtzapple M, Ladisch M. Features of
promising technologies for pretreatment of lignocellulosic biomass. Bioresource
Technology. 2005, 96(6):673-86.

Zhou HF, Zhu JY, Gleisner R, Qiu XQ, Horn E, Negron J. Pilot-scale demonstration of
SPORL for bioconversion of lodgepole pine to bioethanol and lignosulfonate.
Holzforschung. 2016, 70(1):21-30.

da Silva ARG, Errico M, Rong B. Techno-economic analysis of organosolv pretreatment
process from lignocellulosic biomass. Clean Technologies and Environmental Policy.
2018, 20(7):1401-1412.

Wang Z, Grasvik J, Jonsson LJ, Winestrand S. Comparison of [HSO4](-), [CI](-) and
[MeCO2](-) as anions in pretreatment of aspen and spruce with imidazolium-based ionic
liquids. BMC Biotechnology. 2017, 17(1):82.

Karatzos SK, Edye LA, Doherty WO. Sugarcane bagasse pretreatment using three
imidazolium-based ionic liquids; mass balances and enzyme kinetics. Biotechnology for
Biofuels. 2012, 5(1):62.

Cao Y, Zhang R, Cheng T, Guo J, Xian M, Liu H. Imidazolium-based ionic liquids for
cellulose pretreatment: recent progresses and future perspectives. Applied Microbiology
and Biotechnology. 2017, 101(2):521-532.

Freitas C, Teixeira JA. Oxygen mass transfer in a high solids loading three-phase internal-
loop airlift reactor. Chemical Engineering Journal. 2001, 84(1):57-61.

Chen Z, Liu HW, Zhang HT, Ying WY, Fang DY. Oxygen mass transfer coefficient in
bubble column slurry reactor with ultrafine suspended particles and neural network
prediction. Canadian Journal of Chemical Engineering. 2013, 91(3):532-541.

Tagawa A, Dohi N, Kawase Y. Volumetric gas-liquid mass transfer coefficient in aerated
stirred tank reactors with dense floating solid particles. Industrial & Engineering
Chemistry Research. 2012, 51(4):1938-1948.

Baldwin SA, Cheng TC, Demopoulos GP. A contribution to the measurement of oxygen
mass transfer in a laboratory pressure reactor. Journal of Chemical Technology and
Biotechnology. 2000, 75(8):665-672.

Ferreira P, Lopes M, Mota M, Belo I. Oxygen mass transfer impact on citric acid
production by Yarrowia lipolytica from crude glycerol. Biochemical Engineering Journal.
2016, 110:35-42.

Calik G, Unlutabak F, Ozdamar TH. Product and byproduct distributions in glutamic acid
fermentation by Brevibacterium flavum: eftects of the oxygen transfer. Biochemical
Engineering Journal. 2001, 9:91-101.

Garcia-Ochoa F, Gomez E. Bioreactor scale-up and oxygen transfer rate in microbial
processes: An overview. Biotechnology Advances. 2009, 27(2):153-176.

Van't KR. Review of measuring methods and nonviscous gas-liquid mass transfer in
stirred vessels. Industrial & Engineering Chemistry Process Design and Development.
1979, 18:357-364.



o 78 Tl HEFET KPS

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]
[69]
[70]

[71]

[72]

[73]

[74]

Novak M, Klekner V. Comparison of various methods of K;a estimation in cultures of
filamentous microorganisms. Biotechnology Techniques. 1988, 2(4):243-248.

Liu YS, Wu HY, Ho KP. Characterization of oxygen transfer conditions and their effects
on Phaffia rhodozyma growth and carotenoid production in shake-flask cultures.
Biochemical Engineering Journal. 2006, 27(3):331-335.

Puthli MS, Rathod VK, Pandit AB. Gas-liquid mass transfer studies with triple impeller
system on a laboratory scale bioreactor. Biochemical Engineering Journal. 2005, 23(1):25-
30.

Clarke KG, William PC, Smit MS, Harrison STL. Enhancement and repression of the
volumetric oxygen transfer coefficient through hydrocarbon addition and its influence on
oxygen transfer rate in stirred tank bioreactors. Biochemical Engineering Journal. 2006,
28(3):237-242.

Zhang TW, Wang TF, Wang JF. Analysis and measurement of mass transfer in airlift loop
reactors. Chinese Journal of Chemical Engineering. 2006, 14(5):604-610.

Clarke KG, Manyuchi MM. Methodology for advanced measurement accuracy of the
overall volumetric oxygen transfer coefficient with application to hydrocarbon-aqueous
dispersions. Journal of Chemical Technology and Biotechnology. 2012, 87(11):1615-1618.
Moraveji MK, Sajjadi B, Jafarkhani M, Davarnejad R. Experimental investigation and
CFD simulation of turbulence effect on hydrodynamic and mass transfer in a packed bed
airlift internal loop reactor. International Communications in Heat and Mass Transfer.
2011, 38(4):518-524.

Ranganathan P, Sivaraman S. Investigations on hydrodynamics and mass transfer in gas-
liquid stirred reactor using computational fluid dynamics. Chemical Engineering Science.
2011, 66(14):3108-3124.

Fernandez FGA, Sevilla JMF, Perez JAS, Grima EM, Chisti Y. Airlift-driven external-
loop tubular photobioreactors for outdoor production of microalgae: assessment of design
and performance. Chemical Engineering Science. 2001, 56(8):2721-2732.

Chisti MY. Airlift Bioreactors. London: Elsevier, 1989.

Bird RB, Stewart WE, Lightfoot EN. Transport Phenomena. 1960.

Cockx A, Do-Quang Z, Audic JM, Line A, Roustan M. Global and local mass transfer
coefficients in waste water treatment process by computational fluid dynamics. Chemical
Engineering and Processing. 2001, 40(2):187-194.

Cockx A, Do-Quang Z, Line A, Roustan M. Use of computational fluid dynamics for
simulating hydrodynamics and mass transfer in industrial ozonation towers. Chemical
Engineering Science. 1999, 54(21):5085-5090.

Talvy S, Cockx A, Line A. Modeling of oxygen mass transfer in a gas-liquid airlift reactor.
Aiche Journal. 2007, 53(2):316-326.

Higbie R. The rate of absorption of a pure gas into a still liquid during short periods of
exposure. Transactions of the American Institute of Chemical Engineers. 1935, 35:365-
389.

Xue SW, Yin, X. Numerical simulation of flow behavior and mass transfer in internal



LRI KPS %79 W

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

airlift-loop reactor. Chemical Engineering (China). 2006, 34:23-27.

Tobajas M, Garcia-Calvo E, Siegel MH, Apitz SE. Hydrodynamics and mass transfer
prediction in a three-phase airlift reactor for marine sediment biotreatment. Chemical
Engineering Science. 1999, 54(21):5347-5354.

Wen JP, Jia XQ, Feng W. Hydrodynamic and mass transfer of gas-liquid-solid three-phase
internal loop airlift reactors with nanometer solid particles. Chemical Engineering &
Technology. 2005, 28(1):53-60.

Huang QS, Yang C, Yu GZ, Mao ZS. CFD simulation of hydrodynamics and mass transfer
in an internal airlift loop reactor using a steady two-fluid model. Chemical Engineering
Science. 2010, 65(20):5527-5536.

Wu ZL, Huang YJ, Zhang CH, Zhu DY, Bian Z, Ding MX, Gao LX, Yang ZH. A simple
and efficient way to synthesize optically active polyamides by solution polycondensation
of Di-O-Methyl-L-Tartaryl Chloride with diamines. Journal of Applied Polymer Science.
2010, 117(6):3558-3567.

Junicke H, Kluge R, Steinborn D. Synthesis and characterization of novel platinum(IV)
complexes with non-functionalized acetylated carbohydrates. Journal of Inorganic
Biochemistry. 2000, 81(1-2):43-48.

Sauer M, Porro D, Mattanovich D, Branduardi P. Microbial production of organic acids:
expanding the markets. Trends in Biotechnology. 2008, 26(2):100-108.

Ajala EO, Ajala MA, Ogunniyi DS, Sunmonu MO. Kinetics of gluconic acid production
and cell growth in a batch bioreactor by Aspergillus niger using breadfruit hydrolysate.
Journal of Food Process Engineering. 2017, 40.

Fiedurek J. Production of gluconic acid by immobilized in pumice stones mycelium of
Aspergillus niger using unconventional oxygenation of culture. Biotechnology Letters.
2001, 23(21):1789-1792.

Zhou XL, Zhou X, Huang L, Cao R, Xu Y. Efficient coproduction of gluconic acid and
xylonic acid from lignocellulosic hydrolysate by Zn(II)-selective inhibition on whole-cell
catalysis by Gluconobacter oxydans. Bioresource Technology. 2017, 243:855-859.

Elfari M, Ha SW, Bremus C, Merfort M, V K, Herrmann U, Sahm H, Gorisch H. A
Gluconobacter oxydans mutant converting glucose almost quantitatively to 5-keto-D-
gluconic acid. Applied Microbiology and Biotechnology. 2005, 66(6):668-674.

Gupta A, Felder M, Verma V, Cullum J, Qazi GN. A mutant of Gluconobacter oxydans
deficient in gluconic acid dehydrogenase. Fems Microbiology Letters. 1999, 179(2):501-
506.

Li KF, Mao XL, Liu L, Lin JP, Sun M, Wei DZ, Yang SL. Overexpression of membrane-
bound gluconate-2-dehydrogenase to enhance the production of 2-keto-D-gluconic acid
by Gluconobacter oxydans. Microbial Cell Factories. 2016, 15.

Yuan JF, Wu MB, Lin JP, Yang LR. Combinatorial metabolic engineering of industrial
Gluconobacter oxydans DSM2343 for boosting 5-keto-D-gluconic acid accumulation.
BMC Biotechnology. 2016, 16.

Adkins J, Pugh S, McKenna R, Nielsen DR. Engineering microbial chemical factories to



55 80 T HEFET KPS

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

produce renewable "biomonomers". Frontiers in Microbiology. 2012, 3.

Khoo HH. Review of bio-conversion pathways of lignocellulose-to-ethanol:
Sustainability assessment based on land footprint projections. Renewable & Sustainable
Energy Reviews. 2015, 46:100-119.

Balat M. Production of bioethanol from lignocellulosic materials via the biochemical
pathway: A review. Energy Conversion and Management. 2011, 52(2):858-875.

Paulova L, Patakova P, Branska B, Rychtera M, Melzoch K. Lignocellulosic ethanol:
Technology design and its impact on process efficiency. Biotechnology Advances. 2015,
33(6):1091-1107.

Qi PY, Chen SS, Chen J, Zheng JW, Zheng XL, Yuan YZ. Catalysis and reactivation of
ordered mesoporous carbon-supported gold nanoparticles for the base-free oxidation of
glucose to gluconic acid. ACS Catalysis. 2015, 5(4):2659-2670.

Zhang HS, Zhang J, Bao J. High titer gluconic acid fermentation by Aspergillus niger
from dry dilute acid pretreated corn stover without detoxification. Bioresource
Technology. 2016, 203:211-219.

Zhu JJ, Rong YY, Yang JL, Zhou X, Xu 'Y, Zhang LL, Chen JH, Yong Q, Yu SY. Integrated
production of xylonic acid and bioethanol from acid-catalyzed steam-exploded corn stover.
Applied Biochemistry and Biotechnology. 2015, 176(5):1370-1381.

Ikeda Y, Park EY, Okuda N. Bioconversion of waste office paper to gluconic acid in a
turbine blade reactor by the filamentous fungus Aspergillus niger. Bioresource
Technology. 2006, 97(8):1030-1035.

Zhou X, Lu SS, Xu Y, Mo YX, Yu SY. Improving the performance of cell biocatalysis and
the productivity of xylonic acid using a compressed oxygen supply. Biochemical
Engineering Journal. 2015, 93:196-199.

Zhang HS, Liu G, Zhang J, Bao J. Fermentative production of high titer gluconic and
xylonic acids from corn stover feedstock by Gluconobacter oxydans and techno-economic
analysis. Bioresource Technology. 2016, 219:123-131.

Zhang HS, Han XS, Wei CX, Bao J. Oxidative production of xylonic acid using xylose in
distillation stillage of cellulosic ethanol fermentation broth by Gluconobacter oxydans.
Bioresource Technology. 2017, 224:573-580.

Canete-Rodriguez AM, Santos-Duenas IM, Jimenez-Hornero JE, Ehrenreich A, Liebl W,
Garcia-Garcia 1. Gluconic acid: Properties, production methods and applications An
excellent opportunity for agro-industrial by-products and waste bio-valorization. Process
Biochemistry. 2016, 51(12):1891-1903.

Nalet C, Nonat A. Effects of functionality and stereochemistry of small organic molecules
on the hydration of tricalcium silicate. Cement and Concrete Research. 2016, 87:97-104.

Li N, Ma D, Chen WY. Projection of cement demand and analysis of the impacts of carbon
tax on cement industry in China. Clean, Efficient and Affordable Energy for a Sustainable
Future. 2015, 75:1766-1771.

Ma BG, Tan HB, Xu YH, Li L, Zhang M. Cement hydration process of sodium gluconate.
Journal of Wuhan University of Technology. 2008, 30(11):51-53.



LRI KPS %81 W

[103]

[104]

[105]
[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

Chun BW, Dair B, Macuch PJ, Wiebe D, Porteneuve C, Jeknavorian A. The development
of cement and concrete additive. Applied Biochemistry and Biotechnology. 2006, 131(1-
3):645-658.

Wu JG, Wang PM. Mechanism of regulation set of sucrose in portland cement. Journal of
the Chinese ceramic society. 1998, 26(2):164-170.

MR 2e. JREEE AN RS A bt o E I sk, 2004.

Milestone NB. Hydration of tricalcium silicate in the presence of lignosulfonates, glucose,
and sodium gluconate. Journal of the American Ceramic Society. 1979, 62(7-8):321-324.
Paria S, Yuet PK. Solidification-stabilization of organic and inorganic contaminants using
portland cement: a literature review. Environmental Reviews. 2006, 14(4):217-255.
Angumeenal AR, Venkappayya D. An overview of citric acid production. LWT-Food
Science and Technology. 2013, 50(2):367-370.

Cavallo E, Charreau H, Cerrutti P, Foresti ML. Yarrowia lipolytica: a model yeast for citric
acid production. Fems Yeast Research. 2017, 17.

Lofty WA, Ghanem KM, El-Helow ER. Citric acid production by a novel Aspergillus
niger isolate: II. Optimization of process parameters through statistical experimental
designs. Bioresource Technology. 2007, 98(18):3470-3477.

Tan QL, Wen ZG, Chen JN. Goal and technology path of CO2 mitigation in China's cement
industry: from the perspective of co-benefit. Journal of Cleaner Production. 2016,
114:299-313.

Show PL, Oladele KO, Siew QY, Zakry FAA, Lan JCW, Ling TC. Overview of citric acid
production from Aspergillus niger. Frontiers in Life Science. 2015, 8(3):271-283.
Themelis DG, Tzanavaras PD. Reagent-injection spectrophotometric determination of
citric acid in beverages and pharmaceutical formulations based on its inhibitory effect on
the iron(IIl) catalytic oxidation of 2,4-diaminophenol by hydrogen peroxide. Analytica
Chimica Acta. 2001, 428(1):23-30.

Hu W, Li WJ, Yang HQ, Chen JH. Current strategies and future prospects for enhancing
microbial production of citric acid. Applied Microbiology and Biotechnology. 2019,
103(1):201-209.

Sun XW, Wu HF, Zhao GH, Li ZM, Wu XH, Liu H, Zheng ZM. Morphological regulation
of Aspergillus niger to improve citric acid production by chsC gene silencing. Bioprocess
and Biosystems Engineering. 2018, 41(7):1029-1038.

Drake JW. The distribution of rates of spontaneous mutation over viruses, prokaryotes,
and eukaryotes. Molecular Strategies in Biological Evolution. 1999, 870:100-107.
Zhang N, Jian JC, Yang J, Wei M, Zhao J, Xu H, Xie JC, Tong YJ, Yu L. Citric acid
production from acorn starch by tannin tolerance mutant Aspergillus niger AA120.
Applied Biochemistry and Biotechnology. 2018, https://doi.org/10.1007/s12010-018-
2902-4.

Barrington S, Kim JS, Wang L, Kim JW. Optimization of citric acid production by
Aspergillus niger NRRL 567 grown in a column bioreactor. Korean Journal of Chemical



o582 Tl HEFET KPS

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

Engineering. 2009, 26(2):422-427.

Ferreira P, Lopes M, Mota M, Belo 1. Oxygen transfer rate and pH as major operating
parameters of citric acid production from glycerol by Yarrowia lipolytica W29 and CBS
2073. Chemical Papers. 2016, 70(7):869-876.

Liu XY, Xu JX, Xia J, Lv JS, Wu Z, Deng YF. Improved production of citric acid by
Yarrowia lipolytica using oleic acid as the oxygen-vector and co-substrate. Engineering in
Life Sciences. 2016, 16(5):424-431.

Xu DB, Madrid CP, Rohr M, Kubicek CP. The influence of type and concentration of the
carbon source on production of citric acid by Aspergillus niger. Applied Microbiology and
Biotechnology. 1989, 30:553-558.

Guilherme AA, Pinto GAS, Rodrigues S. Optimization of trace metals concentration on
citric acid production by Aspergillus niger NRRL 2001. Food and Bioprocess Technology.
2008, 1(3):246-253.

Magnuson JK, Lasure LL. Organic acid production by filamentous fungi. In: Tkacz JS,
Lange L, eds. Advances in fungal biotechnology for industry, agriculture, and medicine.
New York: Kluwer, 2004:307-340.

Sinha J, Bae JT, Park JP, Song CH, Yun JW. Effect of substrate concentration on broth
rheology and fungal morphology during exo-biopolymer production by Paecilomyces
Jjaponica in a batch bioreactor. Enzyme and Microbial Technology. 2001, 29(6-7):392-399.
Gehrig I, Bart HJ, Anke T, Germerdonk R. Influence of morphology and rheology on the
production characteristics of the basidiomycete Cyathus striatus. Biotechnology and
Bioengineering. 1998, 59:525-533.

Berovic M, Cimerman A. Redox potential in submerged citric acid on beet molasses
substrate. Applied Microbiology and Biotechnology. 1982, 16:185.

Grewal H, Kalra K. Fungal production of citric acid. Biotechnology Advances. 1995,
13:209-234.

Kubicek CP, Zehentgruber O, EI-Kalak H, Rohr M. Regulation of citric acid production
by oxygen: effect of dissolved oxygen tension on adenylate levels and respiration in
Aspergillus niger. European Journal of Applied Microbiology and Biotechnology. 1980,
9:101-115.

Soccol CR, Vandenberghe LPS, Rodrigues C, Pandey A. New perspectives for citric acid
production and application. Food Technology and Biotechnology. 2006, 44(2):141-149.
Ward OP, Singh A. Omega-3/6 fatty acids: Alternative sources of production. Process
Biochemistry. 2005, 40(12):3627-3652.

SanGiovanni JP, Chew EY. The role of omega-3 long-chain polyunsaturated fatty acids in
health and disease of the retina. Progress in Retinal and Eye Research. 2005, 24(1):87-
138.

Huang C, Chen XF, Xiong L, Chen XD, Ma LL, Chen Y. Single cell oil production from
low-cost substrates: The possibility and potential of its industrialization. Biotechnology
Advances. 2013, 31(2):129-139.

Sitepu IR, Garay LA, Sestric R, Levin D, Block DE, German JB, Boundy-Mills KL.



LRI KPS W% 83

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

[149]

Oleaginous yeasts for biodiesel: Current and future trends in biology and production.
Biotechnology Advances. 2014, 32(7):1336-1360.

Tanimura A, Takashima M, Sugita T, Endoh R, Kikukawa M, Yamaguchi S, Sakuradani
E, Ogawa J, Ohkuma M, Shima J. Cryptococcus terricola is a promising oleaginous yeast
for biodiesel production from starch through consolidated bioprocessing. Scientific
Reports. 2014, 4.

Meng X, Yang JM, Xu X, Zhang L, Nie QJ, Xian M. Biodiesel production from oleaginous
microorganisms. Renewable Energy. 2009, 34(1):1-5.

Patel A, Arora N, Mehtani J, Pruthi V, Pruthi PA. Assessment of fuel properties on the
basis of fatty acid profiles of oleaginous yeast for potential biodiesel production.
Renewable & Sustainable Energy Reviews. 2017, 77:604-616.

Wang J, Gao QQ, Zhang HZ, Bao J. Inhibitor degradation and lipid accumulation
potentials of oleaginous yeast Trichosporon cutaneum using lignocellulose feedstock.
Bioresource Technology. 2016, 218:892-901.

Spolaore P, Joannis-Cassan C, Duran E, Isambert A. Commercial applications of
microalgae. Journal of Bioscience and Bioengineering. 2006, 101:87-96.

Anderson RA. Diversity of eukaryotic algae. Biodiversity and Conservation. 1992, 1:267-
292.

Pulz O, Gross W. Valuable products from biotechnology of microalgae. Applied
Microbiology and Biotechnology. 2004, 65(6):635-648.

DeMello JA, Carmichael CA, Peacock EE, Nelson RK, Arey JS, Reddy CM.
Biodegradation and environmental behavior of biodiesel mixtures in the sea: An initial
study. Marine Pollution Bulletin. 2007, 54(7):894-904.

Alvarez HM, Steinbuchel A. Triacylglycerols in prokaryotic microorganisms. Applied
Microbiology and Biotechnology. 2002, 60(4):367-376.

Steinbuchel AF, B. Bacterial and other biological systems for polyester production. Trends
in Biotechnology. 1998, 16:419-427.

Bharathiraja B, Sridharan S, Sowmya V, Yuvaraj D, Praveenkumar R. Microbial oil - A
plausible alternate resource for food and fuel application. Bioresource Technology. 2017,
233:423-432.

Beligon V, Christophe G, Fontanille P, Larroche C. Microbial lipids as potential source to
food supplements. Current Opinion in Food Science. 2016, 7:35-42.

Leiva-Candia DE, Pinzi S, Redel-Macias MD, Koutinas A, Webb C, Dorado MP. The
potential for agro-industrial waste utilization using oleaginous yeast for the production of
biodiesel. Fuel. 2014, 123:33-42.

Yu XC, Zheng YB, Dorgan KM, Chen SL. Oil production by oleaginous yeasts using the
hydrolysate from pretreatment of wheat straw with dilute sulfuric acid. Bioresource
Technology. 2011, 102(10):6134-6140.

Huang C, Zong MH, Wu H, Liu QP. Microbial oil production from rice straw hydrolysate
by Trichosporon fermentans. Bioresource Technology. 2009, 100(19):4535-4538.

Ruan ZH, Zanotti M, Wang XQ, Ducey C, Liu Y. Evaluation of lipid accumulation from



o 84 Tl HEFET KPS

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

[158]

[159]

[160]

[161]

[162]

lignocellulosic sugars by Mortierella isabellina for biodiesel production. Bioresource
Technology. 2012, 110:198-205.

Chen XF, Huang C, Yang XY, Xiong L, Chen XD, Ma LL. Evaluating the effect of
medium composition and fermentation condition on the microbial oil production by
Trichosporon cutaneum on corncob acid hydrolysate. Bioresource Technology. 2013,
143:18-24.

Gao QQ, Cui ZY, Zhang J, Bao J. Lipid fermentation of corncob residues hydrolysate by
oleaginous yeast Trichosporon cutaneum. Bioresource Technology. 2014, 152:552-556.
Wang JF, Li RM, Lu D, Ma S, Yan YP, Li WJ. A quick isolation method for mutants with
high lipid yield in oleaginous yeast. World Journal of Microbiology & Biotechnology.
2009, 25(5):921-925.

Sitepu I, Selby T, Lin T, Zhu S, Boundy-Mills K. Carbon source utilization and inhibitor
tolerance of 45 oleaginous yeast species. Journal of Industrial Microbiology &
Biotechnology. 2014, 41(7):1061-1070.

Li RM, Wang JF, Ma S, Yan YP, Li WJ. Selection of yeast high in lipids-yield by fatty
acid synthetase inhibitor and phosphoric acid-vaniliin reaction. Microbiology. 2008,
35(4):545-549.

Tanimura A, Takashima M, Sugita T, Endoh R, Kikukawa M, Yamaguchi S, Sakuradani
E, Ogawa J, Shima J. Selection of oleaginous yeasts with high lipid productivity for
practical biodiesel production. Bioresource Technology. 2014, 153:230-235.

Rostron KA, Rolph CE, Lawrence CL. Nile red fluorescence screening facilitating neutral
lipid phenotype determination in budding yeast, Saccharomyces cerevisiae, and the fission
yeast Schizosaccharomyces pombe. Antonie Van Leeuwenhoek International Journal of
General and Molecular Microbiology. 2015, 108(1):97-106.

Tapia EV, Anschau A, Coradini ALV, Franco TT, Deckmann AC. Optimization of lipid
production by the oleaginous yeast Lipomyces starkeyi by random mutagenesis coupled
to cerulenin screening. Amb Express. 2012, 2.

Liu L, Pan A, Spofford C, Zhou N, Alper HS. An evolutionary metabolic engineering
approach for enhancing lipogenesis in Yarrowia lipolytica. Metabolic Engineering. 2015,
29:36-45.

Spiden EM, Yap BHJ, Hill DRA, Kentish SE, Scales PJ, Martin GJO. Quantitative
evaluation of the ease of rupture of industrially promising microalgae by high pressure
homogenization. Bioresource Technology. 2013, 140:165-171.

Dong T, Knoshaug EP, Pienkos PT, Laurens LML. Lipid recovery from wet oleaginous
microbial biomass for biofuel production: A critical review. Applied Energy. 2016,
177:879-895.

Yi EC, Hackett M. Rapid isolation method for lipopolysaccharide and lipid A from Gram-
negative bacteria. Analyst. 2000, 125(4):651-656.

Lee HS, Lee H,Im S, Lee YS, Lee KY, Choi YJ. Comparison of various detection methods
of Mycobacterium species in formalin-fixed paraffin-embedded tissue with chronic
granulomatous inflammation. Korean Journal of Pathology. 2010, 44(3):259-266.



LRI KPS W% 85

[163]

[164]

[165]

[166]

[167]

[168]

[169]

[170]

[171]

[172]

[173]

[174]

[175]

[176]

[177]

[178]

Lee AK, Lewis DM, Ashman PJ. Disruption of microalgal cells for the extraction of lipids
for biofuels: Processes and specific energy requirements. Biomass & Bioenergy. 2012,
46:89-101.

Keris-Sen UD, Sen U, Soydemir G, Gurol MD. An investigation of ultrasound effect on
microalgal cell integrity and lipid extraction efficiency. Bioresource Technology. 2014,
152:407-413.

Wang M, Yuan WQ, Jiang XN, Jing Y, Wang ZC. Disruption of microalgal cells using
high-frequency focused ultrasound. Bioresource Technology. 2014, 153:315-321.

Yu XC, Dong T, Zheng YB, Miao C, Chen SL. Investigations on cell disruption of
oleaginous microorganisms: Hydrochloric acid digestion is an effective method for lipid
extraction. European Journal of Lipid Science and Technology. 2015, 117(5):730-737.
Zhang XL, Yan S, Tyagi RD, Drogui P, Surampalli RY. Ultrasonication assisted lipid
extraction from oleaginous microorganisms. Bioresource Technology. 2014, 158:253-261.
Kruger JS, Cleveland NS, Yeap RY, Dong T, Ramirez KJ, Nagle NJ, Lowell AC, Beckham
GT, McMillan JD, Biddy MJ. Recovery of fuel-precursor lipids from oleaginous yeast.
ACS Sustainable Chemistry & Engineering. 2018, 6(3):2921-2931.

Shah S, Sharma A, Gupta MN. Extraction of oil from Jatropha curcas L. seed kernels by
enzyme assisted three phase partitioning. Industrial Crops and Products. 2004, 20(3):275-
279.

Cho HS, Oh YK, Park SC, Lee JW, Park JY. Effects of enzymatic hydrolysis on lipid
extraction from Chlorella vulgaris. Renewable Energy. 2013, 54:156-160.

You JY, Peng C, Liu X, Ji XJ, Lu JM, Tong QQ, Wei P, Cong LL, Li ZY, Huang H.
Enzymatic hydrolysis and extraction of arachidonic acid rich lipids from Mortierella
alpina. Bioresource Technology. 2011, 102(10):6088-6094.

Gerken HG, Donohoe B, Knoshaug EP. Enzymatic cell wall degradation of Chlorella
vulgaris and other microalgae for biofuels production. Planta. 2013, 237(1):239-253.

Fu CC, Hung TC, Chen JY, Su CH, Wu WT. Hydrolysis of microalgae cell walls for
production of reducing sugar and lipid extraction. Bioresource Technology. 2010,
101(22):8750-8754.

Yap BHJ, Dumsday GJ, Scales PJ, Martin GJO. Energy evaluation of algal cell disruption
by high pressure homogenisation. Bioresource Technology. 2015, 184:280-285.

Doucha J, Livansky K. Influence of processing parameters on disintegration of Chlorella
cells in various types of homogenizers. Applied Microbiology and Biotechnology. 2008,
81(3):431-440.

Gerde JA, Montalbo-Lomboy M, Yao LX, Grewell D, Wang T. Evaluation of microalgae
cell disruption by ultrasonic treatment. Bioresource Technology. 2012, 125:175-181.

Lai YS, Parameswaran P, Li A, Baez M, Rittmann BE. Effects of pulsed electric field
treatment on enhancing lipid recovery from the microalga, Scenedesmus. Bioresource
Technology. 2014, 173:457-461.

Lee JY, Yoo C, Jun SY, Ahn CY, Oh HM. Comparison of several methods for effective
lipid extraction from microalgae. Bioresource Technology. 2010, 101:S75-S77.



5 86 T HEFET KPS

[179]

[180]

[181]

[182]

[183]

[184]

[185]

[186]

[187]

[188]

[189]

[190]

[191]

[192]

Miao C, Chakraborty M, Chen SL. Impact of reaction conditions on the simultaneous
production of polysaccharides and bio-oil from heterotrophically grown Chlorella
sorokiniana by a unique sequential hydrothermal liquefaction process. Bioresource
Technology. 2012, 110:617-627.

Laurens LML, Nagle N, Davis R, Sweeney N, Van Wychen S, Lowell A, Pienkos PT.
Acid-catalyzed algal biomass pretreatment for integrated lipid and carbohydrate-based
biofuels production. Green Chemistry. 2015, 17(2):1145-1158.

Kim DY, Oh YK, Park JY, Kim B, Choi SA, Han JI. An integrated process for microalgae
harvesting and cell disruption by the use of ferric ions. Bioresource Technology. 2015,
191:469-474.

Yoo G, Yoo Y, Kwon JH, Darpito C, Mishra SK, Pak K, Park MS, Im SG, Yang JW. An
effective, cost-efficient extraction method of biomass from wet microalgae with a
functional polymeric membrane. Green Chemistry. 2014, 16(1):312-319.

Jin GJ, Yang F, Hu CM, Shen HW, Zhao ZBK. Enzyme-assisted extraction of lipids
directly from the culture of the oleaginous yeast Rhodosporidium toruloides. Bioresource
Technology. 2012, 111:378-382.

Huo SH, Wang ZM, Cui FJ, Zou B, Zhao PX, Yuan ZH. Enzyme-Assisted Extraction of
Oil from Wet Microalgae Scenedesmus sp G4. Energies. 2015, 8(8):8165-8174.

Lee YC, Lee HU, Lee K, Kim B, Lee SY, Choi MH, Farooq W, Choi JS, Park JY, Lee J,
Oh YK, Huh YS. Aminoclay-conjugated TiO> synthesis for simultaneous harvesting and
wet-disruption of oleaginous Chlorella sp. Chemical Engineering Journal. 2014, 245:143-
149.

Galbe M, Sassner P, Wingren A, Zacchi G. Process engineering economics of bioethanol
production. Biofuels. 2007, 108:303-327.

Larsen J, Petersen MO, Thirup L, Li HW, Iversen FK. The IBUS process - Lignocellulosic
bioethanol close to a commercial reality. Chemical Engineering & Technology. 2008,
31(5):765-772.

Jorgensen H, Vibe-Pedersen J, Larsen J, Felby C. Liquefaction of lignocellulose at high-
solids concentrations. Biotechnology and Bioengineering. 2007, 96(5):862-870.

Sivaiah M, Majumder SK. Mass transfer and mixing in an ejector-induced downflow
slurry bubble column. Industrial & Engineering Chemistry Research. 2013, 52(35):12661-
12671.

Su YK, Willis LB, Jeffries TW. Effects of aeration on growth, ethanol and polyol
accumulation by Spathaspora passalidarum NRRL Y-27907 and Scheffersomyces stipitis
NRRL Y-7124. Biotechnology and Bioengineering. 2015, 112(3):457-469.

Shu CH, Liao CC. Optimization of L-phenylalanine production of Corynebacterium
glutamicum under product feedback inhibition by elevated oxygen transfer rate.
Biotechnology and Bioengineering. 2002, 77(2):131-141.

Mussatto SI, Roberto IC. Kinetic behavior of Candida guilliermondii yeast during xylitol
production from highly concentrated hydrolysate. Process Biochemistry. 2004,
39(11):1433-1439.



LRI KPS %87 W

[193]

[194]

[195]

[196]

[197]

[198]

[199]

[200]
[201]

[202]

[203]

[204]

[205]

[206]

[207]

Bellido C, Gonzalez-Benito G, Coca M, Lucas S, Garcia-Cubero MT. Influence of
aeration on bioethanol production from ozonized wheat straw hydrolysates using Pichia
stipitis. Bioresource Technology. 2013, 133:51-58.

Kinnarinen T, Golmaei M, Hakkinen A. Use of filter aids to improve the filterability of
enzymatically hydrolyzed biomass suspensions. Industrial & Engineering Chemistry
Research. 2013, 52(42):14955-14964.

Sievers DA, Lischeske JJ, Biddy MJ, Stickel JJ. A low-cost solid-liquid separation process
for enzymatically hydrolyzed corn stover slurries. Bioresource Technology. 2015, 187:37-
42.

Sreenath HK, Moldes AB, Koegel RG, Straub RJ. Lactic acid production from agriculture
residues. Biotechnology Letters. 2001, 23(3):179-184.

Liu W, Wang YM, Yu ZC, Bao J. Simultaneous saccharification and microbial lipid
fermentation of corn stover by oleaginous yeast Trichosporon cutaneum. Bioresource
Technology. 2012, 118:13-18.

Sluiter A, Hames B, Ruiz R, al e. Determination of sugars, byproducts, and degradation
products in liquid fraction process samples, Laboratory Analytical Procedure (LAP).
NREL: Golden, CO,. 2008.

Sluiter A, Hames B, Ruiz R, al e. Determination of structural carbohydrates and lignin in
biomass, Laboratory Analytical Procedure (LAP). NREL: Golden, CO. 2012.

Shuler ML, Kargi F. Bioprocess Engineering. 2002.

Luchterhand B, Fischoder T, Grimm AR, Wewetzer S, Wunderlich M, Schleputz T,
Buechs J. Quantifying the sensitivity of G-oxydans ATCC 621H and DSM 3504 to
osmotic stress triggered by soluble buffers. Journal of Industrial Microbiology &
Biotechnology. 2015, 42(4):585-600.

Silberbach M, Maier B, Zimmermann M, Buchs J. Glucose oxidation by Gluconobacter
oxydans: characterization in shaking-flasks, scale-up and optimization of the pH profile.
Applied Microbiology and Biotechnology. 2003, 62(1):92-98.

Krajewski V, Simic P, Mouncey NJ, Bringer S, Sahm H, Bott M. Metabolic engineering
of Gluconobacter oxydans for improved growth rate and growth yield on glucose by
elimination of gluconate formation. Applied and Environmental Microbiology. 2010,
76(13):4369-4376.

Shinagawa E, Ano Y, Yakushi T, Adachi O, Matsushita K. Solubilization, purification, and
properties of membrane-bound D-glucono-delta-lactone hydrolase from Gluconobacter
oxydans. Bioscience Biotechnology and Biochemistry. 2009, 73(1):241-244.

Cannella D, Hsieh CWC, Felby C, Jorgensen H. Production and effect of aldonic acids
during enzymatic hydrolysis of lignocellulose at high dry matter content. Biotechnology
for Biofuels. 2012, 5.

Kim M, Day DF. Use of cellulase inhibitors to produce cellobiose. Applied Biochemistry
and Biotechnology. 2010, 162(5):1379-1390.

Humbird DD, R. Tao, L. Kinchin, C. Hsu, D. Aden, A. Schoen, P. Lukas, J. Olthof, B.
Worley, M. Sexton, D. Dudgeon, D. Process design and economics for biochemical



o5 88 T HEFET KPS

[208]

[209]

[210]

[211]

[212]

[213]

[214]

[215]

[216]

[217]

[218]

[219]

[220]

[221]

[222]

conversion of lignocellulosic biomass to ethanol. NREL/TP-5100-47764. National
Renewable Energy Laboratory, Golden, CO. 2011, August 25.

Sun Y, Cheng JJ. Dilute acid pretreatment of rye straw and bermudagrass for ethanol
production. Bioresource Technology. 2005, 96(14):1599-1606.

Peng BY, Shen Y, Li XW, Chen X, Hou J, Bao XM. Improvement of xylose fermentation
in respiratory-deficient xylose-fermenting Saccharomyces cerevisiae. Metabolic
Engineering. 2012, 14(1):9-18.

Sedlak M, Ho NWY. Production of ethanol from cellulosic biomass hydrolysates using
genetically engineered Saccharomyces yeast capable of cofermenting glucose and xylose.
Applied Biochemistry and Biotechnology. 2004, 113:403-416.

Monosi S, Moriconi G, Pauri M, Collepardi M. Influence of lignosulphonate, glucose and
gluconate on the C3A hydration. Cement and Concrete Research. 1983, 13:568-574.
Meyer M, Schweiger P, Deppenmeier U. Effects of membrane-bound glucose
dehydrogenase overproduction on the respiratory chain of Gluconobacter oxydans.
Applied Microbiology and Biotechnology. 2013, 97(8):3457-3466.

Zhao K, Qiao QG, Chu DQ, Gu HQ, Dao TH, Zhang J, Bao J. Simultaneous
saccharification and high titer lactic acid fermentation of corn stover using a newly
isolated lactic acid bacterium Pediococcus acidilactici DQ2. Bioresource Technology.
2013, 135:481-489.

Zhou PP, Meng J, Bao J. Fermentative production of high titer citric acid from corn stover
feedstock after dry dilute acid pretreatment and biodetoxification. Bioresource
Technology. 2017, 224:563-572.

Brummer V, Skryja P, Jurena T, Hlavacek V, Stehlik P. Suitable technological conditions
for enzymatic hydrolysis of waste paper by NovozymesA (R) enzymes NS50013 and
NS50010. Applied Biochemistry and Biotechnology. 2014, 174(4):1299-1308.

Liu K, Zhang J, Bao J. Two stage hydrolysis of corn stover at high solids content for
mixing power saving and scale-up applications. Bioresource Technology. 2015, 196:716-
720.

Glasser FP. Fundamental aspects of cement solidification and stabilization. Journal of
Hazardous Materials. 1997, 52:151-170.

Alonso C, Fernandez L. Dehydration and rehydration processes of cement paste exposed
to high temperature environments. Journal of Materials Science. 2004, 39(9):3015-3024.
Anjos MAS, Martinelli AE, Melo DMA, Renovato T, Souza PDP, Freitas JC. Hydration
of oil well cement containing sugarcane biomass waste as a function of curing temperature
and pressure. Journal of Petroleum Science and Engineering. 2013, 109:291-297.
Giergiczny Z. The hydraulic activity of high calcium fly ash. Journal of Thermal Analysis
and Calorimetry. 2006, 83(1):227-232.

Jamsawang P, Nuansrithong N, Voottipruex P, Songpiriyakij S, Jongpradist P. Laboratory
investigations on the swelling behavior of composite expansive clays stabilized with
shallow and deep clay-cement mixing methods. Applied Clay Science. 2017, 148:83-94.
Balat. M BH, Oz, C. Progress in bioethanol processing. Progress in Energy and



LRI KPS % 89

[223]

[224]

[225]

[226]

[227]

[228]

[229]

[230]

[231]

[232]

[233]

[234]

[235]

[236]

Combustion Science. 2008, 34(5):551-573.

Hou WL, Li L, Bao J. Oxygen transfer in high solids loading and highly viscous
lignocellulose hydrolysates. ACS Sustainable Chemistry & Engineering. 2017,
5(12):11395-11402.

Li X, Zhou J, Ouyang SP, Ouyang J, Yong Q. Fumaric acid production from alkali-
pretreated corncob by fed-batch simultaneous saccharification and fermentation combined
with separated hydrolysis and fermentation at high solids loading. Applied Biochemistry
and Biotechnology. 2017, 181(2):573-583.

Hang YD, Woodams EE. Production of citric acid from corncobs by Aspergillus niger.
Bioresource Technology. 1998, 65:251-253.

Liu XY, Lv JS, Zhang T, Deng YF. Direct conversion of pretreated straw cellulose into
citric acid by co-cultures of Yarrowia lipolytica SWJ-1b and immobilized Trichoderma
reesei mycelium. Applied Biochemistry and Biotechnology. 2014, 173(2):501-509.

Liu XY, Lv JS, Zhang T, Deng YF. Citric acid production from hydrolysate of pretreated
straw cellulose by Yarrowia lipolytica SWJ-1b using batch and fed-batch cultivation.
Preparative Biochemistry & Biotechnology. 2015, 45(8):825-835.

Yang L, Lubeck M, Souroullas K, Lubeck PS. Co-consumption of glucose and xylose for
organic acid production by Aspergillus carbonarius cultivated in wheat straw hydrolysate.
World Journal of Microbiology & Biotechnology. 2016, 32.

Khosravi-Darani K, Zoghi A. Comparison of pretreatment strategies of sugarcane baggase:
Experimental design for citric acid production. Bioresource Technology. 2008,
99(15):6986-6993.

Olofsson K, Bertilsson M, Liden G. A short review on SSF - an interesting process option
for ethanol production from lignocellulosic feedstocks. Biotechnology for Biofuels. 2008,
1.

Jin MJ, Sarks C, Bals BD, Posawatz N, Gunawan C, Dale BE, Balan V. Toward high solids
loading process for lignocellulosic biofuel production at a low cost. Biotechnology and
Bioengineering. 2017, 114(5):980-989.

Kawaguchi H, Hasunuma T, Ogino C, Kondo A. Bioprocessing of bio-based chemicals
produced from lignocellulosic feedstocks. Current Opinion in Biotechnology. 2016,
42:30-39.

Ohgren K, Rudolf A, Galbe M, Zacchi G. Fuel ethanol production from steam-pretreated
corn stover using SSF at higher dry matter content. Biomass & Bioenergy. 2006,
30(10):863-869.

Papagianni M. Advances in citric acid fermentation by Aspergillus niger: Biochemical
aspects, membrane transport and modeling. Biotechnology Advances. 2007, 25(3):244-
263.

Hou WL, An RX, Zhang J, Bao J. On-site measurement and modeling of rheological
property of corn stover hydrolysate at high solids content. Biochemical Engineering
Journal. 2016, 107:61-65.

Varatharajan K, Cheralathan M. Influence of fuel properties and composition on NOx



5590 T HEFET KPS

[237]

[238]

[239]

[240]

[241]

[242]

[243]

[244]

[245]

[246]

[247]

[248]

[249]

[250]

emissions from biodiesel powered diesel engines: A review. Renewable & Sustainable
Energy Reviews. 2012, 16(6):3702-3710.

Hoekman SK, Broch A, Robbins C, Ceniceros E, Natarajan M. Review of biodiesel
composition, properties, and specifications. Renewable & Sustainable Energy Reviews.
2012, 16(1):143-169.

Chen X, Li ZH, Zhang XX, Hu FX, Ryu DDY, Bao J. Screening of oleaginous yeast strains
tolerant to lignocellulose degradation compounds. Applied Biochemistry and
Biotechnology. 2009, 159(3):591-604.

Sitepu IR, Jin MJ, Fernandez JE, Sousa LD, Balan V, Boundy-Mills KL. Identification of
oleaginous yeast strains able to accumulate high intracellular lipids when cultivated in
alkaline pretreated corn stover. Applied Microbiology and Biotechnology. 2014,
98(17):7645-7657.

Back A, Rossignol T, Krier F, Nicaud JM, Dhulster P. High-throughput fermentation
screening for the yeast Yarrowia lipolytica with real-time monitoring of biomass and lipid
production. Microbial Cell Factories. 2016, 15.

Huang X, Wang YM, Liu W, Bao J. Biological removal of inhibitors leads to the improved
lipid production in the lipid fermentation of corn stover hydrolysate by Trichosporon
cutaneum. Bioresource Technology. 2011, 102(20):9705-9709.

Fu ZB, Verderame TD, Leighton JM, Sampey BP, Appelbaum ER, Patel PS, Aon JC.
Exometabolome analysis reveals hypoxia at the up-scaling of a Saccharomyces cerevisiae
high-cell density fed-batch biopharmaceutical process. Microbial Cell Factories. 2014, 13.
Delahaye M, Lawrence K, Ward SJ, Hoare M. An ultra scale-down analysis of the
recovery by dead-end centrifugation of human cells for therapy. Biotechnology and
Bioengineering. 2015, 112(5):997-1011.

Conway JH, Sloane NJA. Sphere packings, lattices, and groups. New York: Springer, 1993.
Schmidt M. Survival and cytokinesis of Saccharomyces cerevisiae in the absence of chitin.
Microbiology-Sgm. 2004, 150:3253-3260.

Galafassi S, Cucchetti D, Pizza F, Franzosi G, Bianchi D, Compagno C. Lipid production
for second generation biodiesel by the oleaginous yeast Rhodotorula graminis.

Bioresource Technology. 2012, 111:398-403.

Gong ZW, Shen HW, Yang XB, Wang Q, Xie HB, Zhao ZBK. Lipid production from corn
stover by the oleaginous yeast Cryptococcus curvatus. Biotechnology for Biofuels. 2014,
7.

Wang J, Gao QQ, Bao J. Genome sequence of Trichosporon cutaneum ACCC 20271: An
oleaginous yeast with excellent lignocellulose derived inhibitor tolerance. Journal of
Biotechnology. 2016, 228:50-51.

Zeng 1), Zheng YB, Yu XC, Yu L, Gao DF, Chen SL. Lignocellulosic biomass as a
carbohydrate source for lipid production by Mortierella isabellina. Bioresource
Technology. 2013, 128:385-391.

Huang C, Chen XF, Xiong L, Chen XD, Ma LL. Oil production by the yeast Trichosporon
dermatis cultured in enzymatic hydrolysates of corncobs. Bioresource Technology. 2012,



BRET RFMALEAR L % 91 T
110:711-714.
[251] Tampitak S, Louhasakul Y, Cheirsilp B, Prasertsan P. Lipid production from hemicellulose

and holocellulose hydrolysate of palm empty fruit bunches by newly isolated oleaginous
yeasts. Applied Biochemistry and Biotechnology. 2015, 176(6):1801-1814.

[252] Dien BS, O'Bryan PJ, Hector RE, Iten LB, Mitchell RB, Qureshi N, Sarath G, Vogel KP,
Cotta MA. Conversion of switchgrass to ethanol using dilute ammonium hydroxide
pretreatment: influence of ecotype and harvest maturity. Environmental Technology. 2013,
34(13-14):1837-1848.

[253] Chen XD, Xiong L, Luo CR, Ding F, Pan W, Xu ZB. One method of low-acid hydrolysis
of lignocellulosic biomass by micro-units infiltration bed. Volume CN 102260754 B.
Chinese, 2012.



592 Tl HEFET KPS

FARMR
ERRRIL:

1. Weiliang Hou, Lang Li, Jie Bao*. Oxygen transfer in high solids loading and highly viscous
lignocellulose hydrolysates. ACS Sustainable Chemistry & Engineering. 2017, 5: 11395-
11402. (IF=6.140) (X N A 1S S EE %)

2. Weiliang Hou', Jialun Kan!, Jie Bao*. Rheology evolution of high solids content and
highly viscous lignocellulose system in biorefinery fermentations for production of
biofuels and biochemicals. Fuel. (IF=4.908) (C.#:U5%) (5 N A 18 Y55 — &)

3. Ruimiao Yao!, Weiliang Hou!, Jic Bao*. Complete oxidative conversion of lignocellulose
derived non-glucose sugars to sugar acids by Gluconobacter oxydans. Bioresource
Technology. 2017, 244: 1188-1192. (IF=5.807) (X} M. A i£ 3 5 = %)

4. Weiliang Hou, Maofeng Zhang, Jie Bao*. Cascade hydrolysis and fermentation of corn
stover for production of high titer gluconic and xylonic acids. Bioresource Technology.
2018, 264: 395-399. (IF=5.807) (X} R A 18 S5 = &

5. Weiliang Hou, Jie Bao*. Evaluation of cement retarding performance of cellulosic sugar
acids. Construction and Building Materials. 2019, 202: 522-527. (IF=3.485) (X} N A i

VLA ——

o = F)

6. Weiliang Hou, Jie Bao*. Simultaneous saccharification and aerobic fermentation of high
titer cellulosic citric acid by filamentous fungus Aspergillus niger. Bioresource Technology.
2018, 253: 72-78. (IF=5.807) (3 M A8 U )

7. Shuai Shao, Jian Zhang, Weiliang Hou, Abdul Sattar Qureshi, Jie Bao. Lower pressure
heating steam is practical for the distributed dry dilute sulfuric acid pretreatment.
Bioresource Technology. 2017, 238: 744-748. (IF=5.807)

ERRTHE:

8. Weiliang Hou, Jie Bao*. Book Chapter. Fungal cellulolytic enzymes. Rheology
characterization of lignocellulose feedstock during high solids content pretreatment and
hydrolysis. Springer. 2018. (X N AR L —5)

RERBR:

9. Weiliang Hou', Ci Jin', Ruimiao Yao', Pingping Zhou, Hongsen Zhang, Jie Bao*. Long
term adaptive evolution of Gluconobacter oxydans improves the conversion rate of non-

glucose sugars derived from lignocellulose biomass. Bioresource Technology. (IF=5.807)
(IMB) G AR S BE = 5)



LRI KPS % 93

10. Weiliang Hou', Liao Zhao', Mingshan Hu', Jie Bao*. Precise and whole-throughput
screening of the lightest oleaginous yeast cells for high titer cellulosic lipid production. In

preparation. (X N A8 5 .3
ERESWRL:

11. Weiliang Hou, Jialun Kan, Hongsen Zhang, Jie Bao. Oxygen mass transfer in highly
viscous corn stover slurry for facilitation of aerobic fermentations. Biotechnology
International Congress (BIC) “Biomass energy and its refinery”. 2016, Bangkok,
Thailand.

FIE &R

12. Bf7s, Befhse, OkEGE, TKERR, &, k. —PReROR R SR R 1 AL
R R AT TR 3 L AV S R . BRI S 201811308621.0.

13. By, RXHE, BT, SHUAHE, sk, — RSO0 ELAA S R I R IR T AR
Tk K EN A EREHIES: 201910186710.0,



%94 Tl HEFET KPS

gt

SRS, & H Wi, FEIRIE SR b2 Bro [lE LA, SR 5 WA,
FAH S RIG R . URITARE fE R B R AR, FFal B0 E

BT SR (1 IR AN R . MR AR, IR, LTESE, BIET
FARBI N . HAG K AR T RSy, 22 P ARSI RIS
ARV ST AT B AN . IEICEIE %R SCIR I, B )fiA KI5
WA RB L, REER ST SEBU0E, RAK T 20-30 A4 RA& e, BT
AMRBITR T RN ZAARANE, ERIR 1B R B RS R AT S . R
M2 B, [ 2 T s B S AT P A e !

8 YN E el [TNETE e S8 1 A 0 | W =i s s € S SR ) iy
B TARGF ORI AR, SR TRATHIAT o SR K E e ) B IR K ¥ T 1 FR 48
B IUATP I BRI 5 AR 3 B OO 5 SCRF, Rl K2 T B AL Bedk 7155 . K
U v 2 TAE Jih i A BT 8 05 T (R4 3 S R S B A IR X 22 T AE. Aspen Plus ¥
RERAUL TS5 T 1 203 2P H R o

WA R AR W ki PR AL Lo AN B3R A () 5 o SR 2 B 3 I 4B AN 5K D~
RS e T I RAE . CFD MR RO RSB SN . SRt
METT I SCAE R AN SO A 3R B B SR B o SR 7K 5 AR T DA 1 46 W R IR AR S AT
T3 T ORI AT it o S BRAT T A Jem J UL R 2 A S B S B pE - A P AR AT BRI i s T
IR U AR T FEAH SR 7T A8 3t S IS B £ I 40 i 701 2 T e b F) S 18
SR ) B AR 22 AAE R AN A X805 70 5 o T ) A A el Al o 1 P 32 7 T
FRIR R T RN R R P AR L o TR ] 7 S5 ] R R A I VR 4 2 8 D3 T R A 3 5 3
T B S ACAE AR AR T F0 77 T B0 5% S DOk o Rl < RE A ) W R AL TR R 70 17K P i
A T ) A DR o RSN R Vet A 2 A AT T A KR AR . S M R A At
WA E Y, EFE. BRGE . BT EYEG. FH. Mae. Pl TEOE. 2
belfd . 4R TR SBERAR. SRVE. I S5 AR S g BT o ik o

T AN R Tl K2 £ T B ZER T . £ B s TV RN =
AL AAIBLTE, RRAIT LR E 520, 2IRZ I OB T 7 REIARHEAL R
it FFERHIE R N CFD 4, B 1 AR .

i Jr ORI N SRR B Z R, REG TRINFE RO BE S50 A
PAWERSR KRG G, AT RIREFRIS K. RN EZANEEE L&, RIREREE.
PR MUERIN 545 T3, R T 7 ATHEZ) /1. IR KHEE .

R
201943 H4H T L



BTN &F R

k% & S

BN ES €

I E A

B E A

3L % Bt JH]




