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Inexpensive fermentation nitrogen source preparation and optimization for
for high chiral purity L-lactic acid fermentation from lignocellulose

feedstock

Abstract

Chiral pure lactic acid with chiral purity higher than 99% is the monomer material for
polylactic acid synthesis. The global demand for precursor lactic acid will reach hundreds to
tens of millions of tons in the next few years, and the use of grain starch as carbon source for
chiral lactic acid fermentation will seriously conflict with food security guidelines. Therefore,
the production of cellulosic lactic acid from cheap and widely available lignocellulose biomass
will be a production route with great industrial application value. Lactic acid fermentation has
a high demand for nitrogen source nutrients, and the commonly used industrial cheap organic
nitrogen sources have complex compositions and are doped with mixed L/D-lactic acid, which
have a serious impact on the chiral purity of lactic acid products. The existing work also lacks
the evaluation of the impact of the use of cheap nitrogen sources without lactic acid on the
chiral purity of cellulosic lactic acid fermentation products.

This paper aims to find cheap nitrogen sources for the production of cellulosic lactic acid
with high chiral purity. In the first part, common organic nitrogen sources were characterized
and the fermentation evaluation of cellulosic L-lactic acid was carried out. Industrial-grade
yeast extract and peptone contained approximately 0.2% (w/w) of mixed chiral lactic acid, and
the highly optical pure L-lactic acid fermentation engineering bacteria Pediococcus acidilactici
7Y271 was used as a fermentation strain. L-lactic acid fermentation concentration of 102.0 g/L.,
and chiral purity 0f 99.6% were obtained using industrial-grade yeast extract and peptone, while
the cost of organic nitrogen source was $2.62/kg lactic acid product (¥16.51/kg lactic acid
product). Dried corn steep liquor powder contained approximately 20.0% (w/w) of mixed chiral
lactic acid, and the yield of L-lactic acid fermentation was 85.4 g/L, and the chiral purity was
only 95.3%, which did not have the application value of chiral lactic acid nitrogen source.

In the second part, cottonseed protein without lactic aicd was used as an inexpensive
source of organic nitrogen, and the characterization of cottonseed protein confirmed that it does
not contain lactic acid. Different acids and proteases were used to hydrolyze cottonseed protein,
and L-lactic acid fermentation concentration of 94.0 g/L, and chiral purity of 99.7% were
obtained using cottonseed protein sulfuric acid hydrolysate, while the cost of organic nitrogen

source was $0.19/kg lactic acid product (¥1.20/kg lactic acid product). In addition, the glucose
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remaining during fermentation was 22.9 g/L.

In the third part, by optimizing the addition amounts and types of inorganic nitrogen
sources, the fermentation residual sugar brought by cottonseed protein sulfuric acid hydrolysate
as the organic nitrogen source was consumed completely. Finally, the technical and economic
evaluation of the nitrogen source combination of cottonseed protein hydrolysate and
ammonium sulfate was carried out, and the minimum production cost of L-lactic acid was
$0.813/kg (¥5.122/kg).

In the fourth part, more inexpensive organic nitrogen sources were explored, including
undephenolized cottonseed meal and soybean meal. Both were characterized to confirm they
do not contain lactic acid. After hydrolyzing the above two plant meals by sulfuric acid, the L-
lactic acid yield was 85.0 g/L and 80.7 g/L, and chiral purity was 99.3% and 99.5%, respectively.
The cost of organic nitrogen source was $0.05/kg lactic acid product (¥0.32/kg lactic acid
product) and $0.06/kg lactic acid product (¥0.38/kg lactic acid product), respectively.

In summary, for commonly used industrial inexpensive nitrogen sources contained mixed
L/D-lactic acid, and led to a serious decrease on the chiral purity of the lactic acid products.
The cottonseed protein, undephenolized cottoneseed meal and soybean meal without lactic acid
were used as cheap organic nitrogen sources for lactic acid fermentation, respectively, and the
fermentation evaluation and chiral purity of lactic acid fermentation were both carried out. The
results showed that the above three inexpensive plant protein hydrolysates could achieve chiral
pure L-lactic acid fermentation at the same time, of which the fermentation effect of cottonseed
protein hydrolysate was the best. Furthermore, the addition of inorganic nitrogen sources was
optimized on the basis of cottonseed protein hydrolysate, which basically realized the
replacement of expensive nitrogen sources such as yeast extract and peptone, and provided an
industrial cheap nitrogen source solution for the production of cellulosic L-lactic acid with high
chiral purity.

Key words: cellulosic L-lactic acid; chiral purity; inexpensive nitrogen source; cottonseed

protein; acid hydrolysis
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Hemicellulose

‘Chemical composition (wt%)

Cellulose  Hemicellulose Lignin
* Hardwood  43-47 25-35 16-24
i Softwood 40 25-29 25-31
* Grass 29-35 26-32 16-21
B 1.1 KRB EREYREHMAR!

Fig. 1.1 Main structure and components of lignocellulose biomass!!!!2]
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FE iy B AR A E N AR R i fE — 2, il — R85 B AliAk 7 vk AR i 41 4
BRI N3 R 24 B AR o ﬁ%%L%&mﬁ%@% REEAFE: BB
Pt ghdm. BRARFUREHIEY (B 1.2), 55— P[0 2 2 imid & b‘E’Jﬁ/ﬁBT%T(ﬁﬁﬂi
JRERTRIE . TAEPI A S A AR BGER 5 s 25 0 I o i M R R B g — 2P B 25
RIFEMTAER ORI 55 =00 45 52145 2 1) FUER A5 i O I 28 RIR 4, B ANE R
P4 S SR DT s SV IR AR L-ALERES UM B — B S, R IR R AL il
B L-FUR, Hh RS B L JE T VAR 25 B TP RS IR RS BRI L-FLR
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LR || L m

K12 Adex L- ARy S migal

Fig. 1.2 Separation and purification of cellulosic L-lactic acid

1.3 FEREER

AR (2-ZFNER, CH;-CH(OH)-COOH) & —Fh RIREHER, TEEMITIEEK
KSR g 52 B33, LR B T IR - S W L) 2- R IR, DA M L AR e A A AF
fE: L-FLR. D-FLIR (& 1.3) BO, Hoh L-ZL A D-FLIR BN G Rk, 1 DL-FLIR
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IEFHARBWTMIEEIER, T D-FLEREA X AR RIE S ARG EE ., i A e —MILE
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Fig. 1.3  Structural formula of L-/D-lactic acid%
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FUR KB BA E E o N ORI AL R B SO S R %, b o fi R AR RL 7
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Ko
142 S

KRG, —MREPRGH, R E5Em Jal B —ME AR E Y. JRER R
B SGRAEE 2 —, SRR AR 2 R R R R AR
L B ) K — M SO B E FRMER A R, HE A S 8N 40-55%, SAETE 6%
PLE, & &wokWEY &2 My ilcs, SxafE—MmE A skIE, 2HEX &R
=R RE, 29 80% LA b Sk A Tk i, eAE ] DL T i At i A i AR
YR . Liang S8 VL SR K EVE A WLEE, ) P A LA B8 FE A MR A 41k R T
B N A D-ARE, FLRFSEAIA 1123 gL, KEEEZE AN 2.4 g/L/h, FHEN 99.6%.

Ak, HTFREAGUEHESWEARMERYR, Wl lEBEENEIERE.
Tian U PLUK G K AR A HLECR ) W8 FAFUAT B 75 70 R A R A2 7 L-7LIR,
LR B RIS 114.6 g/L, KIEFHEZN 2.61 g/L/h, FHEERSE K.

1.43 HMpkEH

MR A AERE I 25 B AR PP 5 49 2 BRI it o R PR K, i 25 R i J= A
R TR AR =, TN AR e — PR EE AR S SR . R B AR 1
W E A S A B2 S T A RN AEE — € Z U R AR A 4E & 21
5-15%, FHIEWI & 2AE 3-10%, MEESEN 40-55%, DHELE 6%LLE, BEHZH
PAERFEFTMRT . BT KRB E N EEZUE R TR, 2 —MEaZmhy
i, HEAREERESRESSEORETES, SR EED . KR 3



BEFI KRS WL¥A0C %7

BN FH AR TR AR N e s kb B 2 — U4, AR AT AR ) R I A B VR

AP E A HBFENT. 29k, ERE T —MERM. BT, HEdBifem s
J RS — Fh s B AR EI T e AR S R I AR AR B, AR ) 2
i 08 2 N Il i S 3 = v 51 7 AR A i s e S e SR SRR o
H5EFRME. MFEAHEASEN 50-60%, HSEREE 8% L, §&LREItRg,
TEHRB AR ARE RS, MANEEHFEMF . ERmANAER. MFEaTHT
BN TERE R A R IR AT . Bai ZEUSIDIMAT &R K ARRAE B HLEDR, R 2
AT BRI AE AR R A 50T 2R 77 D-FLIR, FLER =& nik 107.2 g/L, KEEHZEA 1.19
g/L/h, FHEN 99.2%.

FHEC TSR IZ H S TS oY, R B By A A R A R 2 1 B S R S B/ o B
EMRACN A IFFSE TS 2R, TR ANERH ) 22 0 0] FH MBS Dyt 46 A2 7 i A0 L ps 4 22 5l
IS0,

1.4.4  HAANE S

BT GAA MEAASL, ARRIRIZRAIIE AR SRR SR I AE LR VE VIR I IR R 54
WA DUE T K B HLRIR, (FX SRR N R A A B R B S B
I REN > . Wang SFENRIIEARUK A HLER,  FI R ZF R AT B EANE
R R A7 D-ALR, AR E IS 207 gL, KEEERN 3.8 g/L/h, FHEN
99.3%-. Brock &5 LASENTR/K B A HLVEIR , R ZF AT WML R B T
A5 D-ALER, FLERFE AR 221 g/L, KEE#E N 1.55 g/L/h, FHERE K.

IbAh, —SR BAR BRI R SR W] AR N Y KB A LA . Lu 2510
FERAIERANEIR, I R 2RI B E R T A7 L3R, AR~ &)
ik 57.61 g/L, KIEEHEZEN 1.60 g/L/h, FHEEARE K. Wang FEEIDUB IR ZK 7 7] i
VEBRIEAN IR, A R FUAT WML R B U A7 L-ALR, AR & AlIA
210 g/L, KREEHEF N 2.56 g/L/h, FHEARE L.

1.4.5 A HUEIES LR R BT 11 BE 152

AR RIS T, HHVEIRE I AT Be 20 FUER = i 1 F- P4l B s, Jo o2
K B AR SR E P R A ALEIR . BT IR W AE H AR S o Ao iz Y,
XEENARESHEENEARAE TR, It Hl 5 E IR 5 b i 7 n T2,
K FEON T AR % 2 G B Pl BR A, X e FLRR W AR ME LR UE N 5 — F MR FLIR A&
FEBERR, BT RAR B AR R SR R a0 BRAN A ML EIRAE A R E S RS T AR .
FEAR 22 56T FH BRAN A WL R A2 7= LR I SCHR AR, AR/ $2 K B S i A LR b
FMEEE, AR AN EIR RN S EB0R & F ARG, i S 4
FURR ™= S FHERE ) R 3R 1.4 54 1 — LU BRAN A HILZEWR 148 P OGE SLIR R 9 TR FE 11 52
1] o



55 8 T BAEITRF Hib$hig
£ 1.4 BN A HVEIRRIAE X ILER R BT R R
Table 1.4 Effect of cheap organic nitrogen source on chiral purity of lactic acid fermentation
o o ‘ . HoAth FLER ™ i FEE R A ‘ ‘
R R R 4 25 Bl B G LA e SCHRKR
B IR FHE (g/L) (g/L/h)
ek iR I A IK A FAKHK yn L-AR, 96.7% 48.6 1.4 [86]
S S AT B . o , o
o IR i et FokH . L-AMR, R 121 2.18 [67]
W& FAFLAT R IR T =gt KK AR yn L-7LMR, A2k 114.6 2.61 [70]
” . o . Y% C. -
W& LA R Ir bR I gt K KA e L-7LER, A$ef  118.8 3.71 [87]
P R A e 5
_ ‘ . o . i SRV N o
LT B BRI T B SEATRATK SR . D-FLIR, Kigk 221 1.55 [82]
o . BTk i _ o
B 2= B L AT A o4t K 9% K 2 ERIK TR il 5t L-FLR, Rfgk  57.61 1.60 [83]
TK A
JIt Ji KA JI Ji KA
BARILFE AR - " dEE B LB, KR 210 256 [84]
IK R IK R
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1.5 EHKRE

K B AR VBRI P YR E O B S A FE AR, (HxX E R 3 2 R
Koy FEREAFIEAAAAERS, W IE 2 K i 88 B B — 2 PR AR UK AN 2 ZE R A e fi ik
AVHERKFIR KA TT 2R HE A 5 K AR i 7K A1
1.5.1 oK

K RAE I £ — H AR EEK e ik, R BRI S AMK R R E R R, (Hik
K AR B T — AN HE AR I 1 R, A 5 B K AR = 2 AR A L A 22 AR 4K B K 3
REARFPE 1 A 00, A 22K gl ik 76 sl R oy PR 46 2R, A A s 2 Ak s AT SR T
KRR, B FERR K MR A A -

FR K At 38 5 2 7E il 25 A N I s R AE N ALK R A 0T, & LI R B HE I R
LR . FR/KM AR A RN E B AN T A, GF AR &Y Rk, tal LA
VE A K EE R 5P . Thomas FEPid@ it ShlK i e s A T & bn T, £ 118 °C.
6 mol/L HFR &1 F/KAE 18 h J513 B 1 5 27K MY . Brock S502I8 i B FR /K Al =2 T
FH T LR K A 2R, 75 121 °C 3 mol/L AR 45 1F T /K f# 20 min 15 2324 R /K AR o
EIRTR KR 8 E /KRB, (HRIFEA IR 2 Bom,  ELannh S a8 R AR K. 7Kg
I FEANES 5 2 ) LA RO /K A 2 WK B 3 ) o 502

Bl 7 AR 5 A el 2% A T A I s 9 AR K AR R T, e L BB A SR
AN S EN . A B8 78 & b Dol P T RISORT f# 85 1 . Tannenbaum %5:(%%)
i S E KRS A, 7895 °Cy pH E A 12.5 44 T /KAE 20 min AR 7 55
FI UK A i 2 B IR o AE K R T, B2 R AR 2 B TR (M AN ek, = 2B 1) D-Z B IR
TEAERE NARFTRS, A 2 72 AR — e B R Wi N 2 iR Ss (B 1.5) PY. 5K
—FF, AKX T B P E AR K

BT R K A LU 25 A1 TR BOK A B8 S L A B 1 S AE 8 D IR 7K ik Bl 7K A
J& M F pH H 22 K AR K IIARAL , 7K i 2 J5 — FECHR 75 224 R AH B2 B H ORI 7SR 55 pHPOL,

Lysinoalanine

Lysine

Unidentified Hm dine Ornithine
Dehydroalanine ——® Ornithinoalanine

o

B-aminoalanine Lanthionine

compounds

B 15 SRR T A= AL 2R Y

Fig. 1.5 Chemicals that may result from alkaline hydrolysist®¥
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1.5.2  BEg/KfE

Bt 7K A B il 5 SIS L — MR 4 G R BN B B S5 A1), A5 R B 32 2R R B
TR 5 B B VR AL RUERRBE Th AL B, P R R 23 o N U B B AN ) B g 2R
B, PN U] R I8 TE AR A8 B BRI AL 7K M B 1 0T 231 A R B DL AR AN OR BRI, Ak
DI Al K AR I IR, RGN N Il C ImFFah/K M. Bkl EH N D18
FIf, (B NYIEAlES SN E B RS G4 fe S 2 Rl Bk B F %
LR T B DR SR, RT DL T AR R R R e S LS e 7 o B K AR
R TR DN, £ 50-60 °CF + pH B R 6-8 [ 5644 T 43 ) A FH otk 2 1 g R U
F AR KA 4.5 h J515 BIMFF 2 BK . Liang 25190l 1 2 FhEE/K A 2R T FLIR R B A
P, [FIEAE AR A DIRG9 )R B RT JRU B X = ARG, 78 55°C. pH A
9 7.5-8.0 BIZ&At N KAE 6 h J5 15 2 R K MR -

B KA IR 2, R OBNR AT = i A s, A GRS b i B R R R
JRT R A — A T SN o AR B A — PRI Bk, e F R K =2 ik, T
AN NG (R 2 EETR Vo I 1B/ e A AR 22 5k s, B G O 545 P T K P 8 A 1) R
1F S5 N 45 RN 5 B I TR Y pH s RIS, RIRESE 0 7 T AR 100,

1.6 43 A g T AL SE KRR B K A F AR S

R 1.6 WEKBRABEEKBFIXT

Table 1.6 Comparison of chemical hydrolysis and enzymatic hydrolysis

KA 5 B
ke ARG, PO RIERUREOR. BB
kR SPHRAL, 5 KRG A B

1.6 FTHREMR

THRM > FaE TR, EFEAFEEANR. EAKREESE (NH3) Mgt
& (NH4D), WAEFEMRIEE (NO3) FILMIREHE (NO2). FT I AR LHLA
XN, B, FERE . IRREAS, XIEIR TR e
WCRIFE , s R A HL R RS ECE FH o« Unban 260U, FORBONA MR A IR N TEHL
RIR, FIFRIGEREE AR BT A L-AURR, FLRR- B ATiA 93.07 g/L, KEFHF
N 1.94 g/L/he Qiu Z5EMARIFE NS M FI R F N A MLAR . AP RE B N LR,
FIFHFLIR B3R - R T 0 N A7 D-ALIR, LIRS &k 130.8 g/L, KEFHZEN
1.82 g/L/h. Sikder SFUOIDIFERRE MY AR F R N A HLEIR . IREREE AN TCHLAIR, R
AN EE RS RN A IR, A=A 119 gL, KEFEEN 59 g/Lh.
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L7 ASCHNLEKRSE R EEZR RN E

FHE R T 99%M T AR & RIALFR A L SR A RL, BEE R FLBRTE A (1 7] & Ad A4
BEATHAHE, mFHER AR R DR BRI TR SULFEIR, AR A4 2 A4 R L
B BoRIET 2, TEEAR H AT LS MR & 208 B 2 FR I AL IR R B AT BRI 3
M5 —J71H, BRI AIRE T A M BRI R —, HIARKRE RIS 77
WO 75 R o 7E LU LI T BRI ZRAE P 4T 4 R L- AR A2, T B R4 &
R, HBRARS UD-JLR, Wiaxt 5 sl RN T ol i s sl ™ E i m . Al
P ARt B AN LR 1) B AP SRR 100 60 P T 2T 4 2R LR % I 7 o Tk FEE S ) O DR

MRS —MENMMEYED, HEASER BAKRAEERIK, 2dRn%
SENEARAFIE, RIS F AR KRS E A LA RIE . K, A8 7 A& AR
(RRRAT 2 1 o BEl, B T MR SR VR A WL 1 7K A 7 =X S FLIR R i i e A
(TR NE S ) R, B 2 FLIR Rt I AGA 3 7 DA RHE N A A (A RS 5 B A ML AR Y K
BEKSF, N AT 2 3 LR R BB i T — o T RN EIR MR 7 & o BRI 5T
BUR:

(D) X WA PR (R . |AR. TR T TR, WeHHEA
SRAAREGE, HoalEM AR KSR FHE R ARA = FA LR A

(2) MPMEFF R ERHTRAE, W HHEASERARE E. RARFEKBETX (5
KR TR K AR W REAT B K AR FE IR, FE43 APPSR K B3 7 20N FLER R IR
FHEE R AR = A HLAER AR

(3) DANEFFE B BRK RO A MUER, PR IT TN IR (1 0 & B A i 2Rt
FREEIIFEN, TR AP A EIRA G T AR R ROR . T R LA 7= 1 s 5 R &
A

(4) XF AL AR R G T RAE, W HEA S EAAR S &, ZR_FHAED
JiLEE BRI AR P, variotii FN89 TEWAS I3 T 77 2SR I B0k 0 A JBt By A R /K AR A T 2 )
FREEALTE, FH20 T R B B KR 7K AR RN SR K SRV E N B LR LR KSR . T
M R FLBRAE P A WLARUR AR



12 AT KRFE WL¥M0RT
F2E ENENRERIERAHE L-FLER A BTN
21 35

BRI AN IR S AR B AR 0 R E IR AIPER K . ARRRERE, IR 4E R EY)
i, BAANR—FRRRG . T ATAERIBRIR, AT TR R I AR AR, IR H A
KAV RIRENT o BAh, FURR A B A T LIS I 5 F B 1 R e — 2B il
F T LR 7 BT A M AR T B PR AR A 00, R L LR e 05 9 ik v I BTN N 22 Y
ERVIBERET L. B RYEAE R AER. W AIELE, SRR MR
MERER], FESMEEANEIE T, B MEAREARE P REREHS, H
XA L EIR AR, He P B RHR A £ 5 SR BUAC I 38%L4. Dy T SREILR FH R
b B 7 et R B 58 A U BHR A AE N FLIR A B A HLER, TR TIRZ THE. R
BV 2 RN RFPEEI T 5, WFKR TRy 2 BRI T e KA K g S5 e783-1040,
WAIESE T A AE AN R T ok b SE BN B B RUR K B AR B AR VU ) A T T e 2 5 B IR ™
PR B R AR A ARG . SRR, ARV R FYEE] S S A B 2k
WATTRETI AR S FIEFLIR, X5 SEFLIR ™ dh DG A 2 B R i o T BLA B T AF sk
B A BRI A o0 LR T2 S s i ) DAY

TEARSI 2 AT, RIFEEAE TRESUER R T —RER R A 4R KR
H A R AE ATARE R 2 M 1 e S ALK ER B Pediococcus acidilactici ZY271
AREAT LAY R wAR, B Jex i ERE Ry B R ORI T X =R WA LR
ITRAE, MERMEASEMARSE, RE0iFn HALRAKRSCR . TR AR
A7 A FLRIR A .

22 ME5HE

221 JEEk BRI

INEREFFUIGRT 2021 &, P2 EHEIREFH . AR¥E NREL 443 2 757k 1051061 i 45/
ERTAHRRETEN 343%, FHAERTEN 21.3%, KiIrEENHN 10.6%, KRRGE
N 221%, HASH o B R E i,

LHYE R Cellic Ctec 2.0 W HALIAE(E, M4 Brandford 77 &N BE R 5 & &
4 81.5 mg/mL, 5 NREL J7 S5 5E KA 1% A 256.0 FPU/mL, H4iE Ghose J5 i1
AT 4 — i BgIE )y 4653.3 CBU/mL.

PEAGEEIG B C AR R, R U+, By 103,900 U/mL.

RN R B A8 H AR H Oxoid (Hampshire, UK), V2% BHE M A1 H i
W H 2R R AR GEldl, W ED, FREFH0nl B 2isr G, HED B
KU ELRF QLUE, HED.,



BEFI KRS WL¥A0C %13 T

HARFG = A IR A . — KA TRIRL S B [ 254 4] .
FIT RIS R 2 A R R B AR A, S et AR M ITEZ 0 E N 6.3 JT.
222 MR IR
(1 Bk
L-FLBRAE P2 EMR AN P, acidilactici ZY271 (CGMCC 13611), & P, acidilactici TY112
(CGMCC 8664) £ LRGSR, WA 2 Fh .
HYIBEEE RN P, variotii FN89 (CGMCC 17665), fEASzH  MTRALFE 5 Yokl
HAFR), A B 2 BRI
(2) FEFHRHE
P, acidilactici ZY271 Ff¥5;77 5 Nt Man-Rogosa-Sharp (MRS) R, .
20 g/L H&EFE. 10 gL BAK GAFIZD. 10 g/L BEREZK GRAIZ0. 5 oL BKLER
BN 2 g/L TR A Ak 2 g/L BERRAL 4. 0.58 g/L -LUKBREREE . 0.25 g/L — /KRR % «
P, acidilactici ZY271 R FE3-1 N: 10g/L BBAM. 15 g/L BEREE N 2 g/L 785
FRE 4% 0.25 g/l —I/KEiFRES
P acidilactici ZY271 KEgE: 732 N: 20 g/L EARETHr. 2 gL APEIRE 4k .
0.25 g/lL — /KIRBR % -
P, variotii FN89 %5 HA{RJ{E Potato-Dextrose-Agar (PDA) 15783, fH5: 200 g/L %
. 20 g/L HEME. 25 gL 5.
223 FERTALHE 5 [ 7 i 8
(D) TRk
HR¥E Zhang SEUSIRIAH FE0 AP AT T RR AR R, RBWILR IR LL A 2:1 (wiw),
HRRAE AT T H N 1200 g, FFFH S KRR RIE 600 g, BRI R FH & 85
100 g ZZFF (FH) %N 3.88 g IKFRIR (98% s %) . FEFFS/KEN 10% (wiw), N
FRREGEAT BN 1333.33 g, FCBRRTE R 466.67 go SR G 7E THAL B 5z 7 2% T 422 5 43 )
TN, BRI, HFIBANEIRZRIR, 175 °Cy 1.0 MPa R/ 5 min, $iRFEFEHE N 50
pm. FACEREYIRI 2B, E/KEN 50%L4, pH N 2.0 £t
(2) pH 15 B
e R 5 S PRI S 4E KB BGE pH 208 4.8, [RIAG 2 B S5 AL B R}
BEAT pH A, (TR BRIRESVE RIS, KRR ES Ry R S5 FAb B Rl 78 4R S, RIS
2 pH 2028 5.0 KGR 5] Ja M R8Ik i danis 32— 2D R RL R
(3) P variotii FN89 Fifi 1353
B — HEEH AR T IRLAM) Povariotii FN89 R, F 500 pL JG B KA A% T B
¥r, SRJEEIN PDA AR, 37 °CH55% 3-5 K, 1ENZE—AK P variotii FN89 Riff. 7E55—
PR IERE B PR R 232K 2 55— PDA AR, 37 °C4k4lisg% 3-5 K, 1E % AR
. K5 AR PDA FH_ER P variotii FN89 I 1151 IRIEZ) 100 g Bt FlAb 7 J5
ikl L, 37 °CH:3% 2-3 K, 1ERNSE=MREM.
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(4) [E7 e
W1 5 U () 58 =A% P variotii FN89 FhF4% 10% (wiw) Hehh &35 S0 £5 i 0k
b, FEAYINEE SN A PR AT AR, I 37 °CL @A E 1 vvm, &FFE 12 h BL 50 rpm
PitE 5 min, WLEEINF AN 36-48 ho
FEIZSMEE 0 h HURER DU 3 2208 S M & 8. W& 27.5 mg/g DM, AK¥E 87.6
mg/g DM, ZFR 14.5 mg/g DM, % 1.6 mg/g DM, HMF 3.2 mg/g DM, K&} 4.2 mg/g
DM; [HZSHEE 48 h BUREA I 3 2208 s & &4 H%HE 19.4 mg/gDM, AKFE 50.7
mg/gDM, M 1.6mg/gDM, &, HEEE X HMF #5785 0 mg/g DM. i 56 5 RN
-20 °CUKFBEAT 5T HAAE % o
224 HHERL-ARKE
(1) P acidilactici ZY271 BT 5557
B —W P acidilactici ZY271 (£12 mL) HWMIHEGFE, KRG 10% (viv) FEME
FEN 20 mL fajft MRS £5755, 42 °C. 150 rpm %L 12 he
BRI B Rh TR AR 4% 10% (viv) R B HE 1 28 ) 64k MRS K721, 42 °C,
150 rpm §55 8 he  FIRIEFRISFRIIFIMNAIN 1% (viv) FIBEALEGE (T 2L,
(2) ML AR T
AW Nigs SSCF: £ 5 L i i #E UM I B s gE 47 SSCF. 158, 4418 25%
(wiw) B B 2 k£ U B s K AN [E S I 33 5 kL IR L3RR EE I B R 50 °C #%
MM 150 pm, S AIIIAIK S A 4EREEANE SR, B S8 4 mg protein/DM, Tl
RS IA]) N 8 he TIMEAL)S, W3R P acidilactici ZY271 Fh-FIR A1 R BEE FRER AR R
JE 4G SSCF, Rt 10% (v/v), 42°C+ 150 rpm 2644 N &8 72 h, 41t R 25% (wiw)
AT pH N 5.5, BEEE 24 h IUFRASIIRERE . IR
225 thrik
WA RPE. CMR. BERE. S-FRHERHRE (HMFP) RILR#HA &@id HPLC (LC-
20AD, Shimazu, Kyoto, Japan) Fl[], #AHCA RID-10A R/RZHr 6k #E (Shimadzu,
Kyoto, Japan) 1 HPX-87H M 4% (Bio-rad, USA). tHE A& EIEL S HIIYIKER
% (PeiOu Analysis Instrument, ShangHai, China) #4705 . FLERATF1EEZ @ D-/L-FL
TR & (Megazyme International Ireland, Bray, Wicklow, Ireland) #EATAGI . el foyid it
SR A (Geruisi-bio, SuZhou, China) BT E
22.6 4R L-ARERITHE
AR L-ARBRESE Qu FMJ5 ik, & UNEIRIRFH L- AR~ 82 58t -7
R B, BiE L-ABR B REMYE SSCF haf gk R MAME L2t B2t ok
fry, AR E AR
[LA] XV — [LA], XV,

lactic acid Yield (%) = x 1009
L-lactic acid Yield (%) [Biomass] X ([Cellulose] x 1.111 + [Xlyose]) x 1 ( f)
2-1

A )T BE R BT RE ST
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Biomass: WK EEEZP TR R, $A7 g
Cellulose: TR AR E, FI7 g/g;
Xylose: TR S &, BAL g/g;
LA: KL SRR, $A7 g/Ls
LAo: REFESIFRIRE CRAMFHD, $A7 g/L;
V: 2155 SSCF RGN, HA7 L;
Vo: #2r SSCF ARG AR, A7 L,
L111: LR 2 20 & B I 1 R 3L
1: AR L-ALRIFE L R L
i MRIE SSCF 217 7K B & Pl i S A A AR
227 HYER L-ARFEAFITH
YR L-AMREL R E LRGN L-FLR = & 5VI6 KR R TR 5
A, BEETEALuT:
L-lactic acid Conversion (g/g DM) =
A - BE SR S
Biomass: WU KA R T TYIRIBIRE, AL g;
LA: REFA RFRRIKEE, AL g/Ls
LAo: REFESIFRIRE CRAMFHD, $47 g/L;
V: %5 SSCF RGHIMARL, A7 Ls
Vo: #2r SSCF ARG HIMAR, A7 L,
i MRIE SSCF 217 7K B & Pl it S A A AR

23 ZR518

23.1 W WANEIERAE
BRI e FLIR 220 A2 7 I B BRI PE R 22 2 — U1, AR AR T LA & IR 3L
P R P LG, 23 o O B A B S FLIR & AT I , FEFIH T A iAs (3% 2.1
R 2.1 s, AN G RIS R AL R I R 0 A% d5e R B0 53, 230l /2 $34.92/kg F1$80.00/k g
HUGR TR R AR A R, 250 52$17.46/kg FIS11.11/kg; T K TR # &N
Bef, HA$0.32-1.43/kg.
BERRZ AN AR F R B B S B R0m, BRI BRE R T 65.8%4h, F
REAETYN 70%2 b, FRK TR E S & &M EK, R TR 45%k 1.
BERHZ R VR AR FLIR & B A IR EE 2%, Mt T ERE PR AR & &
T 20% 47, Ho—F L B354 D-FLIR .

XEEE SRR, B M EARENEIEREASEFE, HARSAETEEH
MBI, BRI FNHB TN, MEHECNE T FN, FRETFMEASTER
fiX, BAREMEIEFEMA, EASETHREMESFHEALAR, SHENSTE L-ARE

[LA] X V — [LAy] X V,

- (2-2)
[Biomass]
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W (R RIS AF A T AE XU o

EREERRE, BT IOKRRTREA SRR & 20 oK TR, mTEXK
TR TS E BE TR DLAGRIE R T IO, AR IR 2 Y LA P LR
T, 3 L A AR CRAIE A B — PR LR A P AR, RS BUR A I KR T
AR ER G TR

R 21 ERANRIRRIE

Table 2.1 Characterizations of common organic nitrogen sources

Price Protein Lactic acid L-lactic acid D-lactic acid
Nitrogen
($/kg) (% DM) (mg/g DM) (mg/g DM) (mg/g DM)
Yeast extract-1 3492 65.8+0.1 33+02 1.8£0.1 1.5+0.2
Yeast extract-2 17.46 76.9+0.9 2.1£0.1 0.9+0.0 1.2+0.1
Peptone-1 80.00 76.0+14 20+0.2 1.1+0.1 09+0.2
Peptone-2 11.11 72.8+1.2 ND ND ND
Dried Corn Steep
1.43 45.1+£0.5 215.8+3.4 85.6+1.6 130.2+1.8
Liquor Powder-1
Dried Corn Steep
0.32 46.7+£0.6 196.3+2.9 85.1+1.0 111.2+1.9
Liquor Powder-2

Yeast extract-1 fAF AR HEEELZ K (Oxoid), Yeast extract-2 fXF A T HEERHZ Ny CLIHBERE),
Peptone-1 AL E R (Oxoid), Peptone-2 XK TV IR (%EHLEERE), Dried Corn Steep
Liquor Powder-1 fX3& % E KK T}, Dried Corn Steep Liquor Powder-2 18 i T 1 KH ¥ ND
AR AR Z .

232 W IANBIRAYE R L-FLIR K S AN

ARERASET T 2.1 Fral s i WA NUEIR, ST TUR A LEVEEAT T 4048 R L-ALR
R FYEE RRA, B 22 %R L-ARKEHMZER, £ 2.3 NEKK LTS
W5 S AR o

Kl 2.2 BitoR, W16 2 8RR FE 73712979 60 g/L F1 20 g/L, #1146 L-FLERIKE L
N 0.5g/L. PL15g/L kA EEERHRF+10 g/L iR E A NEIEIR, K8 72 h A
FEEN 105.0 g/L, L-FLER TR 99.5%, 4 oI 3 47 R B FE e EEs L 1S
g/L TR R ¥3+10 g/L Tl g B AR A HLEDR, KB 72 h AR~ 54 102.0 g/L,
L-ALRRFYEEN 99.6%, KIFL: I Z EAAHE AR TS DL 20 g/L FoKREK T -1
NENUEIE, KB 72 h LR8N 87.2 g/, L-AMRTIUEE N 94.9%, K EEGE o 56l 4
AR 155 g/L, AFHEFEEE, LL20g/L TRETH-2 NENERIE, KB 72h IR~
N 85.4 g/L, L-FLBR T TN 95.3%, KBS R Rl RF A 17.7 g/L, AKHEHEFETEEE,

AT CAE H, DAARTTI Sl b 2 e R R RER R N WLEIR I LR R B K7 LT
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WhHZESR, REFPEHE 100 gL UL, H L-ARTFHEL =99%, KIS RI3%AE %
BRI DA BOK K 0 A HLER I FLIR R B RSUR G 22, LR B IILE 90 g/L LA
T, HE MR BRI A A A R A FLBR A 7 B T2 15%, BRSSO R 1 K&
HIERE . ok, A TR TR E A WL EIR I L- AL R T 1 B2 A 95% A, i
B RK KR N5l N T K& D-FLIR, &R 1 & LR v T BE ) T B, Xt 56HE
T 231 UK TR N A VLRI T R 5] NTRE FHEFLER I SE I .

AR SRR IR GE I TR T & A REN D-FLIRAFATE, Wee SFBIDURM /KA
FE RT3 70 0 IR A BR, L-FLIR K BEM 1R E N 96.7%. Sun M DUH b 2
AT TR 73 AAE NORIE IR, L-FLRR KR FMEE N 95.6%. AT ULEL KK T4
AP (R LR T BE SIS, ok R AR IR G oK, (] DU FH T30 - B S SR ALK 1)
CLLE A

Glucose  -B-YE + PT-1 - YE + PT-2 ~E-DCSLP-1 -I-DCSLP-2
Xlyose ~-YE + PT-1 ~e-YE + PT-2 -o-DCSLP-1 ~0-DCSLP-2
Lactic acid —&YE + PT-1 —&YE + PT-2 —4-DCSLP-1 —4—DCSLP-2
Chiral purity: 99.5% (YE + PT-1) 99.6% (YE + PT-2) 94.9% (DCSLP-1) 95.3%(DCSLP-2)

70 - 120

Lactic acid (g/L)

Glucose and Xylose (g/L)

B 22 EREHNEREEVMRNFTER L-FRKE
Table 2.2 Bioreactor cellulosic L-lactic acid fermentation using common organic nitrogen sources
YE + PT-1 fRFAR B W BHZ K+ (R (Oxoid), YE+PT-2 RE TR M+ A (28D,
DCSLP-1 fRREZHFAIKF Ky, DCSLP-2 FRFM £ KK H
5 LAY NAE SSCF, 25% (wiw) [ &8, 10% (viv) Hfi, RIFZMHY 42 °CH1 150 rppm, K
BERT )2 72 hy TEALERIR NN 2 g/L AP IR —#4+0.25 g/L — /KB L -
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R 23 P, BRI NUEIR AR K B R AT T AR THE . B
15 g/L WA HBEEHZ N +10 o/L 1G9 B AN A VLER, FLIR KBS AL 2253 5l
49 86.0%- 0.33 g/g DM; PL 15 g/L T RFERHZ Fr+10 g/L Tk g 8 H A HLER,
FLR R AR R AL T3 N 83.6%. 0.32 g/g DM; DL 20 g/L T AKFTHr-1 NEHLA
U, FLR KRS RN 5N 68.8%. 0.26 g/gDM: Ll 20 g/L KW FH-2 AHHL
BIR, FLRR KBTI 7308 67.4% 0.25 g/g DM.

SERR N, DRl Tk 2% B2 RHE R FEE AR O A WLER, FLIR KBS R B s,
BI7E 80% L b, VEHISLER BRI P acidilactici ZY271 76F) B BHZ K AL A 5 A5 R
AP AL N LR I RR i o DLRGIZR B ML 2 i B BRRR AR I N A LR, FLRR
AL IITE 0.30 g/g DM LA b, UiBA%E 1 g T I TALER N REF PRI 30% A 4%
WRFLIR . R, VLMK T8 A HLER B LR K B AS SR AR A ZR I I, Horp
FLIR R IFAF R ITE T0% AT, LB FLER 3R B8 P, acidilactici ZY271 1ER|H E KK TR 1
IR T EBE A LR IR 3R LI

K23 PN, HOGRAHER L- ALK EEN A WUEUR A PPN o DL 20 RRE Ry A
HAMRA T LRI E HLR IR RA & $9.34/kg; UL T B BHZ A FI & AR A 7= LR IG
LRI AN 2 $2.62/kgs LR KIRTHr-1 A 7= AR AL EIR A /2 $0.25/kg; AR KK
TH-2 AP IR A MR R A E$0.06/kg. 45 BRI, Tl al g Tk 1Bk
BHEM A E R, HAE 7 1 kg FLR T = A LRI A 20 2 SRR 105 2L L,
B T BT,
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Table 2.3  Fermentation and cost evaluation of cellulosic L-lactic acid using common organic nitrogen sources

Nitrogen cost
Dosage Lactic acid Chiral purity Yield Conversion
Nitrogen ($/kg lactic acid
(g/L) (g/L) (% L-form) (%) (g/g DM)
product)
Yeast extract +
15+10 9.34 105.0+0.5 99.5+0.1 86.0+0.4 0.33 £ 0.00
Peptone-1
Yeast extract +
15+10 2.62 102.0 £0.8 99.6 + 0.1 83.6+0.7 0.32+0.00
Peptone-2
Dried Corn Steep
20 0.25 87.2+12 94.9+0.3 68.8+1.0 0.26 + 0.00
Liquor Powder-1
Dried Corn Steep
20 0.06 854+1.0 953+04 67.4+0.8 0.25 £ 0.00
Liquor Powder-2

Yeast extract + Peptone-1 XA BEEHR K+55 i (Oxoid), Yeast extract + Peptone-2 183 Tl 2P RHE M +58 F R (2231), Dried Corn Steep Liquor Powder-
1 REZIEKIKTHr, Dried Corn Steep Liquor Powder-2 X3 78 £ F KK T4

5 LAY N2 SSCF, 25% (wiw) &5, 10% (viv) HM&E, KREEZAE N 42 °CHI 150 rpm, KIEEETEIA 72 h, TEHLERANINN 2 /L FriE IR A —44+0.25
g/L — /KB IR fi o
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AIEIREILR KB EZAER, AT IR BRI P, acidilactici ZY271 1EN

HOR R, T LR WANLVEIR (BERRRR . B AR KT8, S AT
RAEMAAE R L- AR KB, FEMFF ARG WT

(1) PURGHI e Bl TV e i R B Ry AR LR 9 A DLEVE, O E B S ES, A5 A
FEENBEFAIR (T ZBEANTE) o RGBTV g iR B R AR R L-FLIR K %
KVIVFRA 2SR, K-, FHESEIRRER G, ElRAd T e, Kbl T
V2R e BRI FH AR 1 R AR = L-FLER A WL AR A B Al R $2.62/kg -

() LEKRKTMAANER, HHEOSEEK, A9 5HKERATFHEAR.
FEIRFLIR A P2 1A WL AR R 5 1 B (5 11 $0.06/kg), 1R L-FLIR A I 1 FE LR (95%
FEAD, TaiE R RGN R ER
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EI3IF TRAKBAATHRHFEREISFUHARLABRNBIER

31 35

ik B EE Ry — MR LR R A R B, H B A& BAE R 50%, mTRE
HEATE, WNESHEENH . 4R AT G2 N T sh
BRI, MkF R A N VS BN e ISR, [ S SRR BR T e el Zr&n LT
REPEAR, oMb ™ B2 IR, 2014 3 [ T A2 7 8 Ry RO RRFHALAE 370 J3mi =451,
HEEL 173, TKE AR EE A X T KRR, TR R b
MRAEHT AR B RFEE R, T AHRRE JEURH) 22 oM IO (LR R A2 A7 R AN L 3R it F
R,

ikf B PRI EZ R TR AR A AE, 10 BRR A AN R TH
RS> 2 U o S B B 1 o B P 0 AR A o TR, ROFF B B R D L
RIS E BRI, 20— BB/ 70 T IR R

B A 7K AR 2 2 R K AR AR K A, 2580 %% AR Ao KR S ML 26 1 I
My G, BKEEEAINR: BRKMEBONIIR . AR, (BRI T e 24T
ARG R TR A5, HOR B0 P R

ABMEZENEFEN: (1D BHEFE AR HLRERIE, B e Had T RAE, W
EHME A SRR S & (2) ERRIMSEI 70 4R TC IR /K AR 7K Ao b B 17K
R R R L-FLIR R 2 (3) fEAEM) I N B AT AN K AR5 S0 4P 485 L-
FLBOR BERISAE, FREEXHARAT B E A FKAE DT 30R 70 BRI R RCR . PR RiAs

WA
32 MBS

3.2.1 JEE EEFRA

FTR/NEREAT . ARl ML I 2.2.1.

MAFEE (k) WEE SRR FRE (LR, FHED.

Hpk 2 G 00 B AL S . TR B AAE SR, R, B A
0.8 AU/g. 50,000 U/g. 100,000 U/g; it B 5 B 7 5 2 AT SR, R4E
5, BEVE54 200,000 U/g: AJIER B AI i E B 3500 B 7 5 2k, RAEULER 15, 1
154354 100,000 U/g. 40,000 U/g.

FoAh i 9= i anmi g . #hER . BRI B E 254 M.

FIt FH g S 3 e 2l S g f A, SR onx AR IE R AR E N 6.3 Tt
322 PMAIRE IR AR

L-AMR KRN P acidilactici ZY271, "FYIEEE KN P variotii FN89, H KR
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(1) P acidilactici ZY271 F-FEE57 W, 2.2 .4,

(2) WEfE 1%

AW N SSCF: Jri bR 2.2.4.

PRI SSCF: 1F 250 mL & iE4T SSCF. 14, %M 25% (wiw) [HE& &R R
SN K T 285 00 25 S5 R RN B B8 » Bk R FH B 9 F 100 g n] R TR N 60 g B R4 ,
LAY G 8 AR K I pH, SRR INIANL4E R, EEH =N 4 mg protein/DM, 7E/Kif
THIRIRG 2 LL 50 °C. 150 rpm TikEAL 8 h. FMEILEEH G, AN P acidilactici Y271
PR IS TR, B R 10% (viv), TESIHEIRFEIRHLL 42 °Cy 150 rpm K 72
h, BEFE 24 h BURERL RS RE . FLER S 40 R3S 7o P g g o idad PRk V& TH 80 5 CFU

(Colony-Forming Units, B V&AL .
3.2.4 MR EIKAR
(1) Fg/Kf#

KRR A 5K 1:4 (wiw) IEREE SR G, din— & el i & A, &
ENMFFEEFREN 3% (g Bf/g M EAD. 76 50°C, 150 rpm 2515 F/Kf# 24 h, /Kf#
SERJE 100 °C/KIB KB 10 min, FEEURE OS2 IRIRE . AR (7 R IR 5 7L
B APV RIS N, A INEEN 20 g/L, BIRE | L K BEAR RN 100 g FiFF 2 1 BE7K AR
I 1:4 (wiw) IOEREL, B 1L REFA RS 20 g #FFEEE

BT B BT R RR Rl e e R B B ER BT RNER IR AN TR 2 I, e
PEEE FIBEAES INATH 5 mol/L SR AN U 1 K AR & pH & 10.0 /cf5, HAREH
BN 5 ZE TS 1T pHo

(2) FRIKHE

SABLE 3.75% (wiw). 6.25% (wiw). 8.75% (wiw) BRIEW, ¥ihik B A SRIA
TR 1:4 (wiw) IIEVREC SR A, £F 90°C. 150 rpm 2614 R /K AR 24 he IKAREE 5
I —E R RER R K47 pH WP AN, BEERASWSA, FFIRE S OIS Z R
B o WA R R R IR 5 LR B AP VR RPN, IS 20 /L, RIS 1 L RIEA R
AN 100 g B R ABRK MWL, 1418 1:4 (ww) WL, B 1L REARESH 20 g 13
FFEEH.

PRI 73 WINBIR . SRR EERR, Horh iR ot & 70 2d% 98% 1T 5., IR &4
i 37% 5, HEBRONER KA, FESEIZ 11%1H5H .

325 ik

HIEE . RE. FLIR . HHE B D/L-FLER TR E Tk, 2.2.5. 1A RIE L SBA-
90D A=W1% 843 BT 4 (Biology Institute, Shangdong Academy of Sciences, Shangdong, China)
HEATIE, FAAEABNERE NFREER .. A=A S B RHR M+ E A S AR S
BIEE 1:4 (wiw) BIEDREE, BI 100 mL 2558 7Kg 15 g BERHEM+10 g 5EH
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W, 30 °C+ 150 rpm 45 FIE42 30 min, P 2500 B EIEME
32.6 4R L-ARERITH

YR L- AR EINE R AL, 2.2.6.
3.2.7 YR L-AREMRITH

YR L- AR EIE R AKX 2.2.7,

33 ZR51%

3.3.1 M ERHRAL
N T B ERRAT B EAE N PO AT HLRFORIR A ml AT, 20 e o 2R
AR &8, IFFIH T A% (R 3.3),

£33 MHEEARME

Table 3.3 Characterizations of cottonseed protein

Nitrogen Price Protein Lactic acid  L-lactic acid D-lactic acid
($/kg) (% DM) (mg/g DM) (mg/g DM) (mg/g DM)
Cottonseed protein 1.27 545+1.1 ND ND ND

ND ARG G A I 2]

* 33 i, MAFEAMNNEAS1.27/ke, HEAEGERNTYN 54.5%, HAGA
AR XXM EAMSICHE, HER SRR, BRA5INRES TR
R RS, R ] T v T T LR R R AR 0T R SR T
332 MEFFEABKGE SRR 4R L- AR R

R T IRFEA R PRI B BT AEAT B KR RE B S 5 B FLIRR R T s, A 43 43
SR T =R R AR PIAERE SR AR, — MO AR — MR R AR, MR
HEBE K G AT AN, DAGR e s BHE R+ IR VE N B AR IR, FERRm b gk AT 1
YR L-ARKE (B3.4).

Kl 3.4 () i, PAAAIR B R M+ A O AEIVEIR, R R 72 h ZLIR™
BN 69.5 g/Ls LMK E A LEERIE, nl A Hh e E Al mrtEai. AR
MR A BEAE K AR 24 h JRab AT m, H L-ARAKRE 72 h R0 P iEANE
-1 N 18.0¢g/L, HiEEERE-2 v 19.5g/L, HEEAR-3 N 21 g/L, WitEEEE-1 v 49.5
g/L, WMt ElE-2 ~ 52.5¢/L, RKJNEHRHN 16.5g/L, REHM N 38¢g/L. AJLIEH,
B R -2 KRS T AR R~ B8 m (52.5 /L), AHANRGRIZ ¥ B R+ 55
JRFLR R B B (69.5 g/L) AHELIE K20

BT ARSI TR AR P acidilactici ZY271 1ERT 24 h REESE R, FARE S KE
I, UGG FEREES 24 h (ARSI ARR B A KRS OL. B 3.4 (b)) Pos, ZH0R0E 710
SR RAR KBRS, Bk g bR+ A RSN, LB RP it 2 B K
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i T FIRRAT 2R A A WL R AL B 1 AR K T, R ISR 24 h INANREYE 050 3 8 B
MR F -1 4 25X 107 CFU/mL, B4 2 A BE-2 24 28X 107 CFU/mL.

Lactic acid (g/L) Cell Viability (CFU/mL, x107)
0 0 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 90 100 110 120

Yeast extract + Peptone Yeast extract + Peptone
Neutral proteinase-1 Neutral proteinase-1
Neutral proteinase-2 Neutral proteinase-2
Neutral proteinase-3 Neutral proteinase-3
Alkaline proteinase-1 Alkaline proteinase-1
Alkaline proteinase-2 Alkaline proteinase-2
Papain Papain
Trypsin Trypsin

(a)  Lactic acid (b)  Cell Viability

Glutamic acid (g/L)
0 2 4 6 8 10

Yeast extract + Peptone =
Neutral proteinase-1 73—«
Neutral proteinase-2 7}
Neutral proteinase-3 7E—1
Alkaline proteinase-1

[~

Alkaline proteinase-2 _Ih
Papain 7}

[

Trypsin

(¢)  Glutamic acid
Bl 3.4 MFEOBKE TSR L-LRKE
Fig. 3.4 Flask cellulosic L-lactic acid fermentation of cottonseed protein under enzyme hydrolysis

Yeast extract + Peptone ARFZ, FI&E A 15 g/L+10 g/L; Neutral proteinase-1 A% 4E(5 HH & A,
Neutral proteinase-2 N B H 425 18§, Neutral proteinase-3 N H 1428 [1l#¥; Alkaline proteinase-
1 N E RS YE S A8, Alkaline proteinase-2 R W HE I & I ; Papin AR BEANE FHEE, Trypsin N
SRR ;AR R B O NRF B RN 3% (g Bi/g MFFER D, HRFFER AU InE Yy 20
g/L; Cell Viability #ll 7 i [8] A %8 A& B 24 he

250 mL #&Jf SSCF, 25% (w/w) [E &5, 10% (viv) Hfhe, KIEEZM 42°CH 150 pm, KIEFRS
(29 72 h, TEHLERERINA 2 g/L MR IR A —#2+0.25 g/L — /KB R4 -

HI T Mk R A R R R SR — KRR, 20 SRR R T 10%!119), PR e AC Bt
T 8 LLK gt Je e B AR A R R FEAE /K AR FE I L 2 Ay, R & iy, WK
FEREREBRLT o 14 3.4 (o) Fra, MFFER LI 1:4 Cwiw) BIREDREEAEAN R R E R K AR5
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BRRIKE SRR FHEEAB-1 804 gL, FHEEA-2 5 0.6 gL, HIEEAR-
38 04gL, WHEEAR-1 8 1.3gL, WEEHEE-2 N 1.4gL, RRNEHEN 0.5g/L,
JREE BN 0.7 /Lo RTLLEH, BoMESE ARGRIKAESCR R, HIREREAN, FtE
F B MUK IV B /K AR SO e %« P FKIR S A RIS 2R & SN 1K 3.4
(@) FHIARKIEEN, AR GElS, RS-SRS, PREARNS &S AR ™
HACEA G,

DA 5 RRN], fEMFRg SR T, Mif SR Bt A Bk T KR
Bm, FLRKRE RO G T HARA R Al it A Rg-2 KM T LR KRR
A, AHER S A LR B 4 B AR B R+ B R A BOR 25
333 MFFEARKE ST 4R L- AR R

T IRFEA RIS RN WA B 7K AR AR FE A 5 B LR R I 5200, AR 53 7 ol ik
BUY MCHLsRER (BilR . ShIR) M — R HLsRER (FERR), REFER 7 B B =N IREER
FE, MK B B AERRK RS AT U 0, N B B R+ B L RAE N B ARG IR,  FERR I
AT T A4 L-ALR kI (3.5,

K 3.5 (@) Fs, PAHIR B EHR M+ B IO A IR, KR 72 h FLIR™
BN 69.5g/L; UMHEE AR RIE, AR HERR . ShRRABEE /K 24 h )5
BEATES N, HL-ABRAEE 72h 45 RATF: 3.75% (wiw) EEE N 14.5g/L, 6.25% (wiw)
RN 17.5 g/L, 8.75% (wiw) MG AN 21 g/L; 3.75% (wiw) ThEE N 46.0 g/L, 6.25%
(wiw) RN 54.5 ¢/L, 8.75% (wiw) EhIRN 57.5 ¢/Ls 3.75% (w/iw) Bl N 17.0 g/L,
6.25% (w/w) BRER N 42.5 g/L, 8.75% (w/w) TRlE A 53.0 g/L. AT LLE H, UL 8.75% (w/w)
ERRRIK IR NI KB B (57.5 g/L), BORFIG B RHE M+ (A R FL IR & s
FEE (69.5 g/L) MK 17% 24

3.5 (b) fivn, dHM0E IS R LT FLRR K EESUR FI2E,  BRikin 2 e R Ky
+EREWRSN,  DAERBRZK AR T BIARF 8 B oA LR IR LB i AR KB Ly, Herp 8.75%
(wiw) ERFRRIK AR FLIR KT 26 24 h A4S 7128 78 X107 CFU/mL, bR [7]— B[]
DR B BRI R+ B R O FLER T AL BR IR AR /K (105X 107 CFU/mL) .

3.5 (o) fion, MHFERAEE 14 (ww) B ELEANFEEABRKRE, HEH
AR S ESMWT: 3.75% (wiw) RN 1.7g/L, 6.25% (wiw) BN 1.4g/L, 8.75%
(wiw) RN 1.3 g/L; 3.75% (wiw) RN 2.4 g/, 6.25% (wiw) 2R N 8.1 g/L,
8.75% (wiw) #hE N 9.1 g/L; 3.75% (w/w) BN 0.8 g/L, 6.25% (w/w) g N 2.0
g/L, 8.75% (wiw) il N 32¢g/L. AILAEH, FHRERII/KMIEE R, HIRD 5 ZEmER
MERR . 254K 3.5 (a), ATLUEH, fEAHERKAR IR S, SRR Z,
FLUR - E M, MREARN S E SR 8N IEAHX,

PLIgE SRR, ARk AR R KR N KRR S e i, FUR R B RO = TR IR
MR, Hor 8.75% (wiw) ShFR /KM 5 LR A& I ™ OBl a7 2% R e BHIZ o+ B 1 R
K
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Lactic acid (g/L)
0 10 20 30 40 50 60 70 80

Cell Viability (CFU/mL, x107)
0 10 20 30 40 50 60 70 80 90 100 110 120 130

Yeast extract + Peptone Yeast extract + Peptone

3.75% Oxalic acid 3.75% Oxalic acid

6.25% Oxalic acid 6.25% Oxalic acid
8.75% Oxalic acid 8.75% Oxalic acid
3.75% Hydrochloric acid 3.75% Hydrochloric acid
6§.25% Hydrochloric acid 6.25% Hydrochloric acid
8.75% Hydrochloric acid 8.75% Hydrochloric acid
3.75% Sulfuric acid 3.75% Sulfuric acid
6.25% Sulfuric acid 6.25% Sulfuric acid
8.75% Sulfuric acid 8.75% Sulfuric acid
(a)  Lactic acid (b)  Cell Viability
Gluctamic acid (g/L)
0 2 4 6 8 10
Yeast extract + Peptone e — |—¢—1 -

3.75% Oxalic acid HH
6.25% Oxalic acid i
8.75% Oxalic acid t

3.75% Hydrochloric acid ——

6.25% Hydrochloric acid =

8.75% Hydrochloric acid 1

3.75% Sulfuric acid [+
6.25% Sulfuricacid [ &
8.75% Sulfuric acid =

(¢)  Glutamic acid
B 3.5 MFEORKE TRBA%ER L-IRKE
Fig. 3.5 Flask cellulosic L-lactic acid fermentation of cottonseed protein under acid hydrolysis
Yeast extract + Peptone NIRAN L, FEN 15 g/L+10 g/L; BRKMEFTHBRIRE SN 3.75% (wiw).
6.25% (wiw). 8.75% (wiw), REFFEEEVSINEIN 20 g/L; Cell Viability I i€ I (8] NP5 R B 24 he
250 mL &3 SSCF, 25% (wiw) &, 10% (viv) R, RIEFEIEN 42°CH1 150 pm, K EERS
(829 72 h, TEALERESINA 2 o/L AP TR A —#2+0.25 g/L — /KB fR 4 -

EARERRRZ, KEMIRE 6 mol/L KK EL, HhAERSELNT
VIR ) 10%, #5018 1:5 (wiw) IIEWEE, 105 °CF 58 &K MAF & 1 20 h J5 155145 23.9
g/L AR « A S v DL S HEFF T 10% I8 AR, 1% 1:4 (w/w) FIEW L,
W 58 427K At J BB RS 2 25.0 g/L I 2R, 111 8.75% (wiw) SRR /K RS 1XNA5 2] 9.1 g/L
A ETR, SEBRK R EAR—, TR & B R AR AR IR BAIC . axX B IR 4k
SR SRR P B KRR S, 2 TR S R T FH A R 4 et DA R RE R 18 n 5 1) A
3.3.4  HFFEEARIKARTT R AV IR BLAS A4 5 L-FLIR K S AP

RYE 3.3.2 F1 3.3.3 BRI 4518, ARFFEE B2 IFE SRR . BRItk 2 1 g AN R R /K i
NIRRT B m . BRI TOA R TR M R a2 0 T K A e 87 s 3d ple ™ B ok, PRk
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AATHIERL 6.25% (wiw) BRIREEFAT /KM, 78 5 L AVIRPiS BT 43R L-7R
SSCF Xttt (& 3.7). K 3.8 AANEIKMIT T L-FLIR K I S A VA

Kl 3.6 o, (a). (b). (o) Bl ik iR B AEB I SR B . BB AN SRR /K i 24
h HIEth . BE/KARE AP0, BOE TR EBAS B0, WEKEENFLE, $HR
IKARJE AR T EEKAR T SNBONIRA, TER/K R E SR N AT, iR KA ]
(7K A R A 1 P )2 T B A R S HE ke, 4 T 5 S R IR i A S il i R L), X
—FRAERGH S SN, B K ARFR LRGN, SOSOEREIZY, K AR R R . IR I AR
A A AN FIK R AR TT CUE Y, SRR /K MR FE B o, L0 Sl A Bt R el 1 2
fiff o

Bl 3.6 HiHEBARAKBET R THEN
Fig. 3.6  Color contrast of cottonseed protein under different hydrolysis methods
(a) BN 3% (g liff/g MAFEE ) BRI AR KRS, KARZ&AF: 50°C. 24h. 150 pm; (b)
BN 6.25% (wiw) BRERISHUK RGO, KM AE: 90°C. 24h. 150rpm; (o) ERE 6.25% (w/w)
SRR WOKFRIE DL, KAEZAE: 90 °C. 24 hy 150 rpm.

Kl 3.7 BitoR, W16 %8 2 MR AHER B 73712979 60 g/L Fl 20 g/L, 146 L-FLERIKFE L
0.6 g/L. fEKEET2 hJG, =K NARBEREFEE R, (0 L-FLIR ™ B N5 42
BRI A BORZE SR, Horh ShUKM T UMM AR R 4.8 g/L, L-FLE™ &N 93.4
o/L; BRBR/KME )T R N A PETI & 22.9 g/L, L-FLER &9 94.0 g/L; Btk A Eg /K ARy
N PER 4 38.7 g/L, L-ALRF=E N 67.0 g/lL. K 48 h, L-FLER K EEH R 2540
T ERERKAETT T N 1.89 g/L/h, BR/AKMETT RN 1.67 g/L/h, B F Rg/K g 7 30
A 1.19 g/L/h,

DA 25 SRR, Ak i 2 K g 7 20T B 2% L-ALIR - AR, F R & hE
WK, BRI AR T L-ARA M. RSk 7 AN i LR
BT, 2 48 h WEIRR/KAETT T FLIR K B 205, S 2T AR A T B FE AR
%, RHAZRBKM T N NIARE S KL X EE 2.2 o WAV EIR K L-FL8 K I LE
W, BRRAERERKME NI L- AR & (94.0g/L. 93.4g/L) DLk RHR F
+E AR KB & (105.0 g/L), R DINEFF 8 K MRS e BRE R+ 3R B R 2 W AT
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) H R A -
ZHIKETT AN L-AR R T FE=99.0%, R B DUNEFF 8 1 A WL KR 78
] AT A LR R I v T TR P R 23R

Glucose —=-Alkaline protease —&-Sulfunc acid —0—Hvydrochloric acid
Klyose —=—Alkaline protease —e—5Sulfunc acid —0—Hvydrochloric acid
Lactic acid —=—Alkaline protease —&— Sulfuric acid ——Hydrochloric acid
Chiral purity: 99 5% (Alkaline proteinase) 99 7% (Sulfuric acid) 99 6% (Hydrochloric acid)
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oo L 100
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B 3.7 IFFEAARFRKEST R TEMRNRLER L-ALRREE
Fig. 3.7 Bioreactor cellulosic L-lactic acid fermentation of cottonseed protein under different hydrolysis
methods
B EE e GRFED FHEDN 3% (g By/g AT D, BRI SRIIRIE N 6.25% (wiw); 5L
RN AR SSCF, 25% (wiw) [&&E, 10% (viv) BEfhE, KBS N 42 °CHI 150 rpm, R RS [A] 4
72 h; THLERAINCA 2 o/L ATERIR A —44+0.25 o/L — /KRR, AikFER A VSINEN 20 g/Lo

FESEBR TV FLRR A P2, an SR CASRRRAE AT B I R /KF 7 X, BB B TR
PEELZE = TIRER,  AE KA I A% H 25 7K S L 8 3 ™ B () S ok, AN T Tl AR A
IR R G SRR, mAER 6.25% (wiw) TRERIE NI/KMER 7R, HEL 6.25%
(w/w) TRBRKARTT N L-FLIR K B AT R KB &I (22.9 g/L), TARMEIAEE S
¢ L-FLERIM A RARCK WA, BT LR — B 78 4 25 32 B el 2E AR R /K 7 X
N, P PR BB .

* 3.8 i, UMFFEE SE A LR RIE, Bt & Al K 7 XN FLIR A = 1A
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MUEIR A H$0.28/kg,  FLER K FE AR 2 AN AL 2653 3l 54.5%. 0.21 g/g DM; iRk
iR 77 N LR A P A MR TR A N$0.19/kg,  FLIR K FE 45 AL R 43 51l
79.9%-. 0.30 g/g DM; #hFR/K AR T 2T ALER B 7= A LA VR AR ~$0.19/kg,  FLIR K 19
IS R R BN 79.4%. 0.30 g/g DM W LAE H, B R A BEK M T 20T FLER
RIEEIIAF 2L A 3B A, TR IR AN ERRR/K A7 7 30T FLIR K P 19 2 AN AL 2R 3 T
— 8. DABRER A ERRR/K AR T BOAERT B A HLER I AR IS N $0.19/kg,  AH B Tk 2% %
BEEMH+EE A BRI AL A B LR R A ($2.62/kg) ZEAMEE T 90%, Hik e & Fi
LR R IR ZER, v WL R AT 51

®38 AFAKBEFXTAER L-ARREELRATH

Table 3.8 Fermentation and cost evaluation of cellulosic L-lactic acid under different hydrolysis

methods
Alkaline protease Sulfuric acid Hydrochloric acid
Nitrogen cost

($/kg lactic acid product) 0-28 019 019
Lactic acid (g/L) 67.0+43 940+ 1.7 93.4+2.7
Chiral purity (% L-form) 99.5+0.0 99.7+0.0 99.6+0.0
Yield (%) 545+0.5 79.9+0.5 79.4+0.8
Conversion (g/g DM) 0.21 +£0.01 0.30 = 0.00 0.30 +=0.00

RO GFIE) HEN 3% (gBi/g MFFERD, BRSNS RIRE R 6.25% (wiw); HH
FFEE EUSINE A 20 g/L.

34 AENG

AT T MR B AR TR PR AR B A HLRECRIR, JFERTT T AR AR5

O HRFE S K AR RE R S FLIR R B RS, T BEEE RN

(1) XA SR EHBEATRAL, SRRV R E A S BB A S LR

(2) FERRIMSE PRI 1 B KRR 7K A o A B UK AR RE SR S L-FLIR K I I 76
M, A EH P T ZI A i 2 1 Rl P KR B L IR R B R AL, TR /KA PP B R AT R R 11 7K
figt I LR et B R AUt

(3) I T B PE R i ERIR AR IRIX =Rk 30, AR I B AT L
PR R B TBOR BIE » 5 SRR W B I /K 7 3T L-FLIR R I SRR S 7K AR E 2418
72, HRRARER KM TT 20T I L-FLRR K e 257 8 P — 2, b Eh b 22 B K
AR o, L-FLOR RS E this b o (B5 8 2SR 1 iR o, Hsh R ST R
fEJE LR AL RE P AR MER B, R I FE DARR R KA 1) 7 3K
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BIR— AT Lo AL RIRATCHL AR, 2R R s R g i i (a5 &
FSE) KEEAREY. EMAEmERT, AIEAENSEFERNEAR. 2 KAEE
AR, EEAAEKPRFELER, MR BB RIERE L 7w, FEEY e
W SR B LR PR, LR B = A4 2 S B AR AR K SO AR 221

RS 3 TR AR, DLNER 82 AR K AV A DR Y L-FLIR A I 7 B AN Ik 5|
T BERRE R AR E R K, AR R B 15 AR B K B i Ja I LR B8 & AR ok
AR R PR HE R, T 3K e 3 B A AR M S8 e 5 R ) 40 B A 8 R AT £ BT FEAHI 5T P
M P acidilactici ZY271 FLIR KW FRdsrh, DABERRE M AR E R 9 A L ER B AT 32
T, AT DB TR IREI AT 2 P acidilactici ZY271 KA . 107E DU &
KRB A NUEIR N, BT E ARG & R AN R A E AR E
Ji SRR 0 /> & e WLV RIR 7] BETCIEW 2 P acidilactici ZY271 WAEKARYE, T3 IA HLA
U5 CREFFER D BUSINE 23 R BRI RAS, BRI ASHIE 5225 R 38 e+ Bt ) e B 5
KAt P acidilactici ZY271 WAEKARYT,  ATTIE 2 FEACAE ) H 1

A FE () B TE N A 9 DR R B /K VB A LR, AR 5T e AR s n &
SIS AP SN LR R T b I 2], FE0T A R BIRA & T A 4E R L- AR R AR
PIF AR TV -

4.2 MRRTTE

42,1 JikL BRI

PR /N ZERERT AR 4R SRR I 2.2.1,

MHER (B WEE SRR FRE GLZR, P ED.

MR FriERE 8. MR . MR =S E B2 5EH.

FIT A OB B35 H 4 R S e SR AN, SR oo AR IE 38 0E N 6.3 Tt
422 TRFRAIEE IR

L-FLBR RKIE RPN P acidilactici ZY271, LY EFE RN P variotii FN89, H. kR
FIEFEHEI N, 222,
423 YR L-ILIRK

P, acidilactici ZY271 M1 54 RN 4% SSCF W, 2.2.4, #&)il SSCF W, 3.2.4,
4.2.4 MK B KME

WK EE R K AR VR 3.2.5, R BRIRIFEAT /K AR, BRIRVEIKIE N 6.25% (w/w).
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42.5 STk
AR, KB, AR, MEE. D/L-FLMR TN E N 2.2.5,
426 HRL-ARBEFITHE
YR L- AR R EINE R AL, 2.2.6.
427 YR L-ARBEEITH
YR L- AR EIE R AKX 2.2.7,

43 SR5e

43.1 FREHLERIRIAL

ASHEFEHTE I R T MRS 559522 A IR — S AN BHLRIR AT AN, LAtk
NFER, AT RIS AR LA FRIRE . TR AT =N
HIR AR o S IR R 2 R Dy FL AL S A HARH Bt (3R 4.1, 1 SChkeh & fiE
BRIR FRAEFLIRAR ke 5 RO AU, DRI AR = AR IR B R AL 52 09 1 AT
IR +h RN 5 A Bh 1 FLIR O B

K41 THEIREZ M

Table 4.1 Price of inorganic nitrogen sources and salts

Nitrogen and salt Price ($/ton)
Diammonium hydrogen citrate 3166.11
Ammonium sulfate 87.07
Trisodium citrate 1111.11

Diammonium hydrogen citrate NFTHFERE %%, Ammonium sulfate AHRER$%, Trisodium citrate AFTH

[l

DARRAT S IR /K SR A VAR, & e E R AT A R TE WL EIR A&
eF4E 2 L-FLIR SSCF (& 4.2).,

Kl 4.2 Fi, (a-1) BEHRREEITERE IR MEMN 2 gL 2 10 g/L, FEMHKEE L-
ML BN 423g/L. 45.0g/L. 45.0g/L. 46.7 g/L. 49.3 g/L, #hn 10 g/L 7
BRRE %G L-AREEr-8N 493 gL; (b-1) KHBEERREFRNEMN 2 g/L 2
10g/L, FRIAKEE L-FLIRR A== N: 39.0g/L. 43.8¢/L. 45.0¢g/L. 455¢g/L. 46.5
g/L, ¥iN10 g/L fifRe: 5 L-AMR s mir=8 A 46.5 g/L; (c-1) B REEFTIERIR =8+
FREZII AN INEM 5 g/L+2 g/L 3| 5 g/L+10 g/L, #EMAEE L-FLIRE A= E505N:
42.5¢g/L. 48 g/L. 49.5g/L. 49.0 g/L. 48.5 g/L, "IN 5 g/L FrixIR=8+6 g/L BilR4% 5

S

L-FLIR = 84 49.5 g/L.



H32 W

BEFI KRS WLHMBT

Diammonium hydrogen citrate

Lactic acid (g/L)

0 10 20 30 40 50 60
29/l
4q/L
6allL
8a/L
10 g/L
(a-1)
Ammonium sulfate
Lactic acid (g/L)
0 10 20 30 40 50 60
2g/L
4g/L
6all
8all
10 g/l
Trisodium citrate+Ammonium sulfate
Lactic acid (g/L)
0 10 20 30 40 50 60
Sg/lL+2g/L
S5g/lL+4 g/l
5q/L+6 g/l
5g/L+8g/L
5g/L+10g/L
(c-1

combinations

20/l

4g/L

6o/l

s/l

10g/L

29/l

4giL

6o/l

sall

10g/L

Sg/lL+2g/L

5g/L+4 g/l

5g/l+6 g/l

5g/L+8 g/l

5g/L+10g/L

Diammonium hydrogen citrate ®Residual Glucose

Residual Sugar (g/L) Residual Xlyose

10 20 30 40 50 60 70

(a-2)

Ammonium sulfate u Residual Glucose

Residual Sugar (g/L) Residual Xlyose

10 20 30 40 50 60 70

(b-2)

Trisodium citrate+Ammonium sulfate =Residual Glucose

Residual Sugar (g/L) Residual Xlyose

10 20 30 40 50 60 70

(c-2)
K42 ARATHELEAESTRBRAER L-ARKEE

Fig. 4.2 Flask cellulosic L-lactic acid fermentation under different inorganic nitrogen sources and

(a) FRFHMBIFFEIRE 4%, IWINEN2g/L. 4g/L. 6gL. 8g/L. 10g/L; (b) FEARFE BTN
R, WNINEN 2 /L. 4g/L. 6g/L. 8g/L. 10g/L; (o) ERERMBINFTIZEIR =M+ iR R4, InaE
M 5gL+2 gL, Sg/ltdg/l. 5gL+6gL. 5g/L+8g/L. 5gL+10gL;

250 mL #Z)fH SSCF, 25% (w/w) [E&&E, 10% (viv) #ERhE, RSN 42 °CHI 150 rpm, KR AN
72h; HHVEIRAIIN 20 /L #EFFE I, 6.25% (wiw) RERZEAE Nk BANEHLEREIN: 0.25 g/L —IK

R R -
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(a-2) EHBEEFTEIRE B INEMN 2 o/L 2] 10 g/L, HE A B el 52 1 20 Bk
FESr . 623 g/L. 58.0g/L. 58.3 g/L. 56.8 g/L. 53.5g/L, FIRAKEWKE 354 18.0
g/L. 15.5g/L. 15.5g/L. 16.5g/L. 14.5g/L, N 10 g/L A5 RRE 8 o T 43 B M1 7 %
PEHABEAREE R 68.0 g/L; (b-2) EIHBEEMRENIRINEMN 2 g/L 2] 10 g/L, R
Tl XA BRI N: 62.8g/L. 58.8 g/L. 58.0g/L. 57.3 g/L. 55.8 g/L, FlIAAMEIK
FEor . 18.5¢g/L. 17.3g/L. 16.5g/L. 17.0g/L. 15.5g/L, ¥hN 10 g/L BRl%: Jo 8l 4
AR G R+ AR E Y 713 g/Ls (c-2) B BEE MR = AN+ BB s i 4 S i M 5
g/L+2 g/L 3| 5 g/L+10 g/L, PRI T RH BR300 61.0 gL 543 g/L. 51.5
g/L. 54.0g/L. 55.0 /L, FIRAFKETHN: 18.0g/L. 16.5g/L. 15.0g/L. 15.5¢g/L.
16.0 g/L, #IN5 g/L ¥R —4A+6 o/L B R%EL o Tl 4% e (I A ) B+ A VR 2R 66.5 ¢/Lo

ANFE TR S A W = AU Bl R 5 g/L AR =4h+6 g/L TRtk i
i L-FLIRIKFE N 49.5 ¢/L, 10 o/L AR A e L-ALBRIRE N 49.3 g/L, 10 g/L i
b e L-FLERIR SN 46.5 /L, FILUE W, M L-ARN=EHLHEER.

ANFETEHLEIE S 2H A TR B ARTRRE 3 W R : 5 g/L TR —44+6 /L BRIR4EL TR
AR HEH AR N 66.5 g/L, 10 g/L FrigBR S 40 4% B (R 4 B+ AHHR N
68.0 g/L, 10 g/L T F& £ 7 4 B A ) BE -+ A BRI BE O 71.3 /L

AR, T BAR B AL EIR G, SRR A g xT T L- AL B 2 A
K, HAHEZ TRBEREAEE K. LRSI R IRE o], WnE M 2 g/L 35m#) 10
g/L, LB EMNIGM T 7g/L, ML TG AL T2 9g/L. ARFEHAE T 3.5¢L, 1M
1 g 1 %) 0 SRR AL A FLER I BB 1S 235078 100%, THFERIBE A0 9 FLIR 1) SEBR 15264
N 56%, XFRIFLER A 2 AT A ARG, TIEREAT YA

PR BRI AR S B B R B B %, X AT RESE T 38 75 pH RIS 3% FAF
TEZERE . AV R NS B S E S 3T pH V4 HLEEA (R IR AR BT, TR K
B PSR NN — 58 R IBRIRESBEAT pH 1%, HIRRWNIRE Al REAY, i S8R
I L-FLIR R B AU R B AR A 22
432 AR EE TEHLEIRAR A S IE

NTHE—BIE 431 PRIMARRMSE®, A AER T = HRIWHAERITLHL
BRI MAE: 10 gL FFEIRA 4. 10 g/L BilRE: . 5 g/L AR —8+6 g/L BifRE:, 1&
5 LAY 88 T4 R L-AER SSCF ik (K 4.3), XHHRATLHIERIE N 2 g/L 7
BIRE

4.3 s, WIGH I = BE 208 60 g/L, WIEE ARKEZI N 20 ¢/L, ¥146 L-FLIRZ1H 0.5¢/L,
K72 h G L-AR TR =99%. fEKEE 72 h ), DYHTEHLERA A N A
FETERE, L-ARSTEYN S gL it RFRMERREW T : W02 gL FrEmRE =%
N 229 ¢g/L, W10 g/L FrEIRE 8N 2.5 g/L, SN 10 g/L iR N 3.5 g/L, ¥sHN S
o/L ¥ EE R =4+6 g/L BifRE N 3.6 g/L.

ATLLE H, AEEHEE AN T LR 2L 8, R LHEIR R
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INFEAREIRTH 2% L-ALRRBE & AN 2 g/L AR TR A e LR R T A Kt
ERE (229 g/L), MMINEH AN S E (10 gL FFrEmRE 4. 10 g/L R, 5 g/L
FHERTR =8h+6 /L MR FLIR K AT R 2-4 o/L HiEIRE, RGN TCHLE SR
I R T HEE PG, (HSCBE TR AR R A R EEZR, HEEK 4.1
HIEHLEIE A RS, 10 o/L IRBREA & AR In A% ($0.00087/L), DA 4 1% +¢ 10
/L TRIREAE R T B IR IEAT VS I o

Glucose -2 g/L DHC -2-10 g/L DHC S-10g/L AS T-5g/LTC+6 gL AS
Klyose -2 g/L DHC —-e-10g/L DHC —=-10g/L AS —-0-5g/L TC+6 g/L AS
Lactic acid —=—2 g/L DHC —4—10 g/L DHC —+—10g/L AS —4#-5g/L TC+6 gL AS

Chiral purity: 99.7% (2 g/L DHC) 99.8% (10 g/L DHC) 99.7% (10 g/L AS) 99.7% (5 g/L TC+6 g/L AS)

70 - - 120
& 100
Q L
k] - 80
b3 I )
8 E
< - h)
- - 60 ©
c L
o L2
o L ©
"] (]
8 L i
3 1]40
o i
- 20
..... @0

Time (h)

B 4.3 ARATHEFELRAS TEYRNFETER L-ARKEE
Fig. 4.3 Bioreactor cellulosic L-lactic acid fermentation under different inorganic nitrogen sources and
combinations

DHC RFEATHEIRE % (Diammonium hydrogen citrate), AS fUEHFiFR% (Ammonium sulfate), TC 1%
IR =81 (Trisodium citrate).

SLAMRA SSCF, 25% (wiw) [E &5, 10% (viv) B, KEEFATN 42 °CHI 150 pm, KA A
720 AHVRIERINA 20 /L Kk E, 6.25% (wiw) BRERSME T KR, #ANEHLERTRIN: 0.25g/L —
KRR B o
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433 ANEBFHE FA4ER L-ALRE BN

N T P VR AT A A S R S TR AR AR 4 R L-FLRR R BRI s, DAAR I
K= LinMOE 2 B A KK TR N BRI A LRI I AR 4 3% L-FLIR R IR A LAl
Zh, R 4.4 Lin"N SR RIEA R ZIRE G T 4R AR A = SHOT T .

® 44 AARBAHE THER L-ARKEITY
Table 4.4 Evaluation of fermentation performance of cellulosic L-lactic acid in different

combinations of nitrogen sources

Case 1 Case 2 Case 3

Strain P. acidilactici TY112 P. acidilactici ZY271 P acidilactici ZY271
Xylose utilization No Yes Yes
Raw feedstock Corn stover Wheat straw Wheat straw
Total solids loading 30% (w/w) 25% (wiw) 25% (wiw)
Nitrogen sources

Organic nitrogen 20 g/L Dried corn 15 g/L Yeast extract + 20 g/L Cottonseed

sources Steep liquor powder 10 g/L Peptone protein hydrolysate

Inorganic nitrogen

2 g/L Diammonium

2 g/L Diammonium

10 g/LL Ammonium

sources phosphate hydrogen citrate sulfate

SSCF period (h) 72 72 72
Titer (g/L) 104.5 102.0 96.5
Conversion

0.27 0.32 0.31
(g/g DM)
Yield (%) 71.5 83.6 82.0
Productivity (g/L/h) 1.45 1.42 1.32
Chiral purity (% L-form) 95.3 99.5 99.7
References [110] This study This study

Case 2 7' Yeast extract + Peptone ¥4 Tl Z; Case 3 FHIFFE AN 6.25% (wiw) TRER/KAE

K44 PR, EREG 2 SEG) 3 0L, B0 3 AT F KRR R E 1) IR
HEKREE T2 h 1 L-ABR 8N 96.5 g/L, L-AEREALZE N 031 g/g DM, L-ABRERN
82.0%, L-FLERFMEREN 99.7%; Zfl 2 vh TR Il RHR R AR A R I IR A 441
RIRH G KB 72 h 1 L-FUEE 88 102.0 g/L, L-AMHENEN 032 ggDM, L-A#E
N 83.6%, L-FLERTMEEEN 99.5%. SiREW, BN EIEHH G CEAIER] 1A &5t
BIRAAFHF )RR, FHEHSCHL T LR B s TR .

A5 1 AIZAM 3 XFE, EAREM] 1 b L-FLR RN 104.5 g/, =T ER 3 H 953
g/L AR =, HH T2 1 PR TESMESE, XEWEFH T EZ AR
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HERFER . 201 L- AR EN 027 g/gDM, L-FLRERAN 71.5%, BUET EH 3
7K, IF HZE6 1 b i R AR AN RE R I ACHE, Xt 33 7 AR A 4E 2 SRk b iy T
REERETCIEA T A« Fekm T 200 1 A BA LRI 8 R THr, SECOL L- 3R
FHERAH 95.3%, KTZ40 3 1) L-FLBRTFHE (99.7%), XRIZEH 1 LiELM T
PE L-ALRR KB, AE =M ALR A B4 T RS A -
434 ARRBHE TFHHER L-ALRBEARZTF N

KRG TGN 4k S DAASEES % Lin" O TAE RG], R 45T TH4ERA
B R FE R AT TR A EE DK, R 4.6 WHE TR 1 kg 44K L-ARATH &K
A o

K A5 R, AHERIRAE PR EZE T /K ESRE: Wb sE & E m
BRIV TRAL B il FE I 2805 R4 B 7K P 7 T L Y PRV VIR S LR R e i A v
JIr G B K G Z2 0 1 A 1 kg IR R T HKA 6.71 kg Z 2 A=
1 kg FLIR T S T KA 7.29 kgs 22491 3 A7 1 kg FLIR T 2 TOl 7K h 8.10
kgo

K45 FER L-AREFHEETIAK

Table 4.5 Main plant water usage for cellulosic L-lactic acid production

Case-1 Usage Case-2 Usage Case-3 Usage
(kg/kg lactic acid (kg/kg lactic acid (kg/kg lactic acid
product) product) product)
Pretreatment 2.53 2.13 2.21
Sulfuric acid solution 1.30 1.09 1.13
Steam 1.23 1.04 1.08
Protein hydrolysis / / 0.59
Lactic acid SSCF 4.18 5.16 5.30
Seed solution 0.65 0.73 0.75
Alkali solution 0.72 0.47 0.46
Other water 2.81 3.96 4.09
Total usage 6.71 7.29 8.10

Case 1 X LinM 8T 58, BIRA S N FKK T R+HIRE 4% Case 2 X NASC IR, RIFHE
NP2 B R Ry A R AT R IR A s Case 3 XY RIASC AT, ZURALA N & H KRR
HilRE: WAL RN 3.8% (wiw), BUE AL A B 5 o B RS K E 5 45.5%: Seed
solution NFLERH M T, HFEN 10% (v/v), Alkali solution N5 FLER K pH Pt F BRI,
Other water 4175 SSCF [# & & FH HI7K

ATBAF L, 2. 3 EH 1 FARS, EERHTEN 2.3 REME & REAL,



BEFI KRS WL¥A0C w37 T

PRIk 5 P T A 5 8 B 20 RO /AR AR T 2 e 6401 3 B 2 h 2 R ADK & R B 4
T ER K i 5 G B RV, SRS b, 8010 3 i 1 L AR &R 7R 2NN 80 mL
RIARAT B FKARI, ZAZ3EL T LR WA T & (100 mL).

R 4.6 FARARBAS TLHER L-ARE™ HREEA

Table 4.6 Minimum cost of cellulosic L-lactic acid production in different combinations of nitrogen

sources
Case 1 Case 2 Case 3
Minimum lactic acid $0.584/kg lactic acid $3.241/kg lactic acid $0.813/kg lactic acid
cost product product product
$0.237/kg lactic acid $0.276/kg lactic acid $0.286/kg lactic acid
Feedstock
product product product
$0.130/kg lactic acid $0.101/kg lactic acid $0.104/kg lactic acid
Enzyme
product product product
_ $0.009/kg lactic acid $2.624/kg lactic acid $0.193/kg lactic acid
Organic nitrogen
product product product
$0.016/kg lactic acid $0.045/kg lactic acid $0.007/kg lactic acid
Inorganic nitrogen
product product product
$0.005/kg lactic acid
Sulfuric acid / /
product
$0.004/kg lactic acid
CaCO; / /
product
None-enzyme $0.192/kg lactic acid $0.195/kg lactic acid $0.214/kg lactic acid
conversion product product product
References [110] This study This study

Case 1 XM LinMO{ A 53T,

RIRA G N BRI TR+ A 4 Case 2 M MASHIBTTL, RIFAS

NNV ZR B RHIZ R RN (A R IS BR AL 4% Case 3 XA SCRIBETT, RIRLL A NARK & /K AR
HiRER ;s AFYEREENHE S Liul'fE Aspen Plus & 35T NREL Tt A~ 44 RBMH%, £
N$4.34/kg protein, AREEFEILEA S Liul'I7E Aspen Plus “T- 53T NREL 575, PRk
I Ak 2 AR i — 28, AR SR A% 35 B 2 SR 17 s R AR AN

K46 PN, AUERABRWN TFEA A CR: FTEE, 4. ZIELLAE
B AL ACRUAS . BT DA 4E R B A RS BB, U kg $20-25/kg protein, AR IKI£T4E
AR T AL A= 77 o 2R EE SE I AT 4R 2= B R AE AL AR 77, DR 3K L PR 4 4 2 B Rl A 25
Liu"7E Aspen Plus “F- & % T NREL Frit 5 B 7= 404k =B %, £979$4.34/kg protein.
F 1. 2. 3 AR MR AE P2 A 70 1 $0.584/kg $3.241/kg. $0.813/kg, Hif
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HURIR 25 77 A 20 51 9$0.009/kg $2.624/kg. $0.193/kg.

ALAE Y, = RBI S R 2 57 R B R TEA AR S A Fo Rfl 1, 3
RIS RN IR, BRI AR IR HARER, BT FORRE TR A& AR NS, Rt 2
1 LR S AR P AR TE N BRANY s 29 2 WP FH R B BHE M+ B I RN B B R, (5 4
EAEFE AR 80% LA B, AN Tl A A

IRYE Wee SEOOMRGE, AR T Tl R FLIR A 7= 16 BT LI e (0 A8 7= A B 411K
1-80.8/kg, 7 &SI IR FLER IR BAS AR RHUBLR F,  1i DARTRF 2 1 7K A v+ IR e 11 20
VR A A P A Y R AR I B AR AR 7= A 9$0.813/kg, PRI 75 23— 20 b P A 7=
Ao

44 AENG

AR FE T B 3 B SN B @ R A TE LRI AN & AR, R T DA AR

IR R /K AR R A WL RO LR R B ok R v (e b I8, Oy S5 1SR LR 1) A AL T A%
JEkL, A FEEAS FHARER M ARZF . AENEELELWT:

(1) FERRIANAY) S B 25 70 43 BB UE T AN R JE ML 2GR B 4G (R AR vt i B s 1)
oM, FELEE A BIR IS I SA, kPR R PR AR R R B A S e
LRI -

(2) XA FA A F EIRAE A T W 7L K B B A 0 R BEFR AR VR . Fod DL
T I B Ry A B I R HAT IR IR A — 8k I B & R B 72 h 1) L-FLIR = &8 102.0 g/L,
L-FLIRF A6 Z 9 0.32 g/g DM, L-FLER1S %N 83.6%, L-FLIRTMERN 99.5%; LA
FK R BR B I R IR LA R B2 72 h 1 L-FLIRTZ 82N 96.5 ¢/L, L-FLRFEF N 0.31
g/gDM, L-FLIRTGHN 82.0%, L-FLERFIEEN 99.7%. WAT 8 1 /K SR+ B R e (1) B ATy
BRI G ARSI T 50 T BER A 1 B R 1 4

(3) XIAH SN A FEEIRE S T R AR K BT Y2 ARG TFY, Hh LT
V28 ()RR By A A R HAT IR TR . e M ER A & A 77 = T L- AR s A A
$3.241/kg, VARG 7K MR+ B IR e 1) U 2 & A 77 v T L- AL R I S AR A oy
$0.813/kg. AT EE H ZK MR+ I TR e P B ¢ 25 4 A R I B AR 17 FLIR R I AR
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B5E FZEFUHIARLZBRNANNEENRE

51 3|8

VBN T FLIR R BRI A ML EIR N M R AT RE R BRANY, A e SCIL R LR AR A A 7
TESE 3 AL 4 Fh O BRI T DI 8 E /K AR VBRI A L0 % T B A 0 2 1
(B 6, (H TR 2R (2 R B AR R 2 By n A3 21, A N IR BRA e e B By
MEAMRCEIEFICR, EAL T RBE R, HARAK IR AR B AR 4-5 £,

A P B R RARE B 11 & B AT IE 40%LL E, 2019 EAERFI A BN 15.59 & 20,
RIGEE AR 0 ZE @ N K ERE, T H S AU Ao 8 2 iR AA 2, R rE
B RIC EE A2 B PR, AN AR SR 4 A B A LR R IR

SR AFRIALE, SHE R A —Fr=EE K. NHE T ZRERNEYEA, N
1SRRI 2, 20°880.32/kg. 2019 ARG~ 8N 2.43 220, KRG A
HHEEN 30-50%, HTUMASASIHEN, FIbKEETE A KBERA
MU IR BB .

AW BE B P variotii FN89 [ 1 X §5BRIS | Wk i T S 40k VA 0 P e A
o B RN A — & IR AR RE 1122 BRI Z A1, Povariotii FN89 T HEH 445
TERAST AR R P AR RIF, DRIt SOA] DU A B RL b 30 AT i A B 3

NT SEIA I A RO AE LR A A WL GRS, A 54 224 FH A= 0 I 25 B PR
P, variotii FN89 X A it W A /K Ay b AT i W A 3 . 5 i = 25 PN 25 P PR 1 [ 2 i 2 7
A, ARFEACRABINEE T, BRESKE, WA P variotii FN89 7EXF K 24
BEHAT S I BRI, 2 15 BE B B0 BR R B By MR K R iy o (R, AT 10 3
BN (1D SPRIEARR . GAEATRIE, WM EaMAR S &, FEidigK
fif ) 5 AT, RACHAE I E T AR KA L AIR I AT AT M (2) =R P
variotii FN89 X A JIt 1 i K /K AR YRR A It B 0 k) iEAT WS I EE,  FEAE VS 0L 2 58 A
JE AT g R L-ALR R (3) TESE O R B RN SIS S, I Ak AR
NEWEIRHATALER L-ARKEE; (O ERESRE T, YD R E AR R K
WA SRR AR E N B ML EIR A 4 3 L-FLIR KRR . YRR R sAs .

52 MR

52.1  JERE EEAEGH)
PR /N ZERERT AR 4R PRI I 2.2.1,
TR E AR (R, RED, REEARRIE B A EER Grdk, RED.
MR MrigRE 855 E E 255 M.
FIT A 5B B 38 H 4 i R S e SR AN, SR oot AR IE 380 N 6.3 Tt

AL
*
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L-FLER KB WA N P, acidilactici ZY271, HORIFKFEFRIEYIN 2.2.2; Wi B ik
Al P. variotii FN89, H R N 58 H LR G 7236 W 2.2.2,

P. variotii FN89 AWM B M5 7225 4 Synthetic-Medium (SM) 5755, fuff: 2
o/L IR — &8, 0.5 /L F4LAS . 1 o/L iRz, 1 gL BEHRR G4, 1 g/L bk
ERREREE. 20 /L W& HE .

523 YR L-AR KR
(1) &) SSCF
BRI SSCF A I 5ok B s i 8 07 2, kPRI 3.2.3.
(2) AW Nés SSCF

AW N A SSCF A8 FH R BER B ASI #0720, B TR I 2 15 50 7 200 sk 21
YRk EAT — 7€ I 8] FROHE A DA AR SRR, J7 (0 J5 SRS I 2 1 AR T 75 1R s i R 3 0
DRI R B S A= i I3 N AL BE . ML . SRS A R B, AR50 R

OFAbEE: FRHAEEE T 2.2.3.

Qi 1E 5 L i b A s g M I i TR L . T, 1R 25% (wiw)
BB R AR TR KR AR B J5 R L Bk . W R AR IR R E N 50 °C. BN
150 rpm, ZFHIIIAIK. SF4ERBERYIEL, BRI 2N 4 mg protein/DM, THUEAL A ]y 8
h.

BP. variotii FN89 F 15 7% : B — HEEH AR T IARFI I P variotii FNS9 B FH,
F 500 pL T KB T H R, SRIEEIN PDA AR, 37°CE:9% 3-5 K, fENSE—P
variotii FN89 B M. 1E5 — A FARILAE PRI SR %8 5 — 3 PDA “FAR, 37 °C4k
SRERSE 3.5 K, VENS AREFR . BB A4S P variotii FN89 AR LT 10 mL [
0.05% (w/w) HIH:E 80 R 78 73 Ve, H A% 10% (viv) BEMER Bt SM 5
FRFA, 37°C. 300 rpm 155% 20 h j5 A =ACHEFh.

@WARNE: KBRS B PE % 201 7S M Rushton R4 3 L A4
Vi B, B 10% (viv) BERP B N2 =X P variotii FN89 Fh-1i, FFIAMEIL
Fio RN BHEEWE N 37°C. B3N 750 rpm. MBS EN 1 vwm, B E Y 12-24h,
A FE pH MO0, BEEgh R G pH B Thm 12 A5, 24 pH FH R IEEFREE
PREFLE R . 45 o S R R B 2R I BN 50 °C. #53804 150 rpm, FEICHES,
H T P variotii FN89 1t 50 °C N JCiZA7ih, BLidFEN B MTET 25 K P variotii FN89, ffilL
TCAEAE i BE 45 A J5 T A6 R FH R 2 n) R AT 2R KA

®P acidilactici ZY271 Fh-T R ¥EF%: P acidilactici ZY271 #8535 5101 2.2.4,

@ 4% L-ILRKEE: ¥ P acidilactici ZY271 MT3% 10% (viv) BEFHEEAR
BEMERT, BN AR EN 42°C. 30N 150 rpm, REZNE 72h, 45id
25% (w/w) SEALAE AT pH N 5.5, FHRE 24 h BURERIIRERE . FLER .
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RILEARRI . SRR B AR R RIRK R, Tk 3.2.4, 25 [8 B SR WK 14
Bk, TRIIUOR DA T B, BHUILEWR G — 5N 1.5 (wiw), BRERIEIIR B
N 6.25% (W/w),

RILEANERA . SARFINERT 88 B FE K BEN S5 LR B M IR RIS N, g4 20
g/L, BUEE 1L KEARRESIN 120 g YR H/KARE, %8 1:5 (wiw) BIRERGEL, BI1L
RIEIRREH 20 g VIEA
525 Mriik

HENE. K. O, BRE. HMF. A, AR, MHEA K D-/L-ARFHENE
JiEN 2.2.5,

52.6 4R L-ARERITHE

YR L- AR EINE R AL, 2.2.6.
527 PR L-ARELRITH

YR L- AR EIE R AKX 2.2.7,

53 ZR5®
5.3.1 & Eoy Mk AN SO R AE

KN T BAER B . SR NS TR KA HLRR IR K AT 471, 50X
PR R AN R B I HEAT AL (32 5.1, FRlEid Bk a7 R A WLR RS TN, K& 5.2
PEIRA R L-ALR A, X HE A WL IR AR 2 E 7K iR

RS REERIHA IR

Table 5.1 Characterizations of undephenolized cottonseed meal and soybean meal

Price Protein Lactic acid L-lactic acid D-lactic acid
Nitrogen
($/kg) (% DM) (mg/g DM) (mg/g DM) (mg/g DM)
Undephenolized
0.32 473+0.7 ND ND ND

cottonseed meal

Soybean meal 0.32 45.6+£0.9 ND ND ND
ND AT S AR R

5.1 fn, REBCEYRRRE . SORHNA% 220 0980.32/kg, AH EUARFFHE FH$1.27/kg BT H
RILEARRA . SRR S BT R AR 1) 25% 7545, R WX PR & A & Se fE i 2
EHAE BN KRB SHEHEEA S ES NN TR 47.3%F 45.6%, fHEH
TERIIE 40%LL b, HORBIEIRERI . SRR FLER A AE, RULX PIMEY) & A1
Nt T IR K A HL R SRR 2 58 2 T AT 1)

Kl 5.2 fiias, DR EE /KA AR T B A R K AR vBRT SR 7K R B DL R B
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FLWKEE 720 P &0 N 44.0 /L. 35.5g/L F130.5g/L. AJLAEH, SHHBAHAAE A
(R TR TR B > LR Gy 90 2 oA JE o AR RT 2K, JFG b o Jt By A R b I R4 4 R 0
XL R = A s B AN RIVE A, 3 R oRIETHRAE AN IR Bids AT IE

Lactic acid (g/L)

Undephenolized
cottonseed meal

Bl 52 BEZERMEIEBEERASER L-ARKE
Fig.5.2 Flask cellulosic L-lactic acid fermentation of more cheap organic nitrogen sources
250 mL $ZJfi SSCF, 25% (w/w) &, 10% (viv) EfhE, REZMN 42 °CH 150 tpm, K EERS N
72 h;
AHUEIRRINE N 20 /L, THLERRIIA 2 g/L MR —44+0.25 o/L — /KEiBR 4 -

5.3.2  DURBEm R K SR A FLERIR I A= V) B 30 UE Je 47 4 3R L-FL IR K %

T BUEAE Y ER B IR P variotii FNS9 J& 15 BEX My M| Myt 476 i bk, [RIE A
TG T AR S R . AR FRAEFRIH P, variotii FN89 X Tl Ab B J& )4k 304 TV A5 I 55 1)
EE, IR BB R A KA, TR T P variotii FN89 7E X A 5 41 4 2 v 3 B Wik AT
It 25 R IRV IS, 87 0o A M P i R 7 AR e B P SRR AT Mo, 38 1) () 28 B AR P R

% 5.3 Fion, IRV SR P ovariotii FN89 X 2 it 75 P REE AL 1-+A it By A H
IKARBL RIS, Hoh 4R 5-35 P BB AR I X = R4 3k B TR I 2Rkt
BEALIR, S Aok B TR SRR, D8R B T R AR K A . BiEE 0
h FHIE BN LR 10.04 mg/g DM, 5-F2 HHEE A 0.84 mg/g DM H# 0.84 mg/g DM,
& 3.63 mg/g DM; MiEE 12 h RIS &N LR 558 F OB OB I 35 A A )
H, S 3.89 mg/g DM.

AILAEH, 1E 12 h BIREERS B, P variotii FN89 SEHL T Xt W8 5-F% FH BLMERE A
BRI 1R 58 A B, (R T- My AN P ) PR AR e 04058, Sy & B A NI i B 17—
Mo IXATRESE H TR B ERRL B A O SRt — PR TR B



AT KRE WL¥0RT 543 BT
£53  REBEEYRMEE LR B BRI K AR A b 2

Table 5.3 Joint liquid detoxification of undetoxicated saccharification liquid and undephenolized

cottonseed meal hydrolysate

Detoxification-0 h Detoxification-12 h
Acetate (mg/g DM) 10.04 £ 0.63 ND
HMF (mg/g DM) 0.84 +£0.04 ND
Furfural (mg/g DM) 0.84 £ 0.09 ND
Total Phenol (mg/g DM) 3.63+0.22 3.89+0.33
Undetoxicated wheat straw (mg/g DM) 3.32+0.15
Undephenolized cottonseed meal (mg/g DM) 0.31+£0.07

ND AR ke il th
i EE 0 h Fi & B &4 120.61 £ 1.93 mg/g DM, 3% 12 h Hi &b & 28 133.45 £ 2.57 mg/g DM;
L EE 0 h AHES H N 85.73 £ 2.2 mg/g DM, Mi#E 12 h AHES & 84.19 + 1.59 mg/g DM.

ERERNZ, KRR GRS — DK B (8], IS 2 I 8] B 2B 2 5 B 28
YA AR e, (ABEAE CRREE 3 BRI IR, P, variotii FN89 2x 46 HF] FH K
AR EERE AT A KA, X 21 T R R JE R AR R E R R, W T 5 I 2
AT LR K 5 AR ATAT 1

BESR A=V EE IR P variotii FN89 E 3 [V A5 W 25 15 250 8] P AN BE S 3% 1 241
IV RE, A — DB A S AN R B RS IR e, BRI R I B A
KR T A 43R L-ARAKEE (B 5.4), WICKRBBARFH R 2SS MARK
%,

Bl 5.4 Fiom, o BIARER AR B0 ZE 0+ 5t B A R /K AR 1) 5 iR A I 25 J5 kAT
L-FLER R, DLACAE 58 RN R I EE VRS BLRE f5 RS IR T M R R 7K A V2R 47 L-
FURAKEE. WS4 N RV F EHEI N 60 g/L /247, MM AREL N 40 g/L /£
i, WG L-FLERIIN 0.5 g/L Kidio LRI UR IR M AR R K AR R 9 72 h 45 50 F
T RH I HE 32.6 /L, FIRANES.7g/L, L-ARRS & 714 gL, L-FLRFHE 99.4%; Mt
BRSNS IR I i RO K R B 72 h 25 R0 - Fl R % 0% 22.2 g/L, FlRANKE 4.8 g/L,
L-FLB =& 85.0 g/L, L-AFRFMEE 99.3%.

ATCUEH, FETEA X AR R YRGS L8 J5 ,  ELREAS I AR I8 3 A R /K AR B3R AT 2
Y L-FLER RO T, T AR EE PR+ B A R 7K - 3 () 56 O A I 28 )5 7 ok
17 L-ALRR R L-FLRR - 2 A%, FIRGFEME 2, XA[Re2H T P variotii FN89 1£
L [ Bt 5 SO A) AT T30 2 oA T M i R 7K A VR R LR 70 AT 5 B0 R LR R T
B B WL 73

B, PSS SR N FLIR AR B IR AT, v AR A AE FE A N FLIR K



55 44 T BREITKRSF Wit
2 7 A A P o 2B Sk 1 AR AR R K LR R B A E N R B 1 R (B R TR %
&, LT R B ARSI R 2 LE T 20 AN (3R 5.3). Qiu S5 2IZE R FE I 240
0T 1) 2K LR P B BT 52 PN S H0A0F 92 T LR P Bk 0 o M SR 1 4 B — 52 AR 9
BEAREE T, T LARDAE A M B I HE P variotii NSO 1545 2 B2 1A Py 15 A SLnt Iy 284
HIPIROT G, FLIR R I R 1E AT

Glucose —=—Add during detoxification -#-Add after detoxification
Klyose —=—Add during detoxification —#-Add after detoxification

Lactic acid —=—Add during detoxification —&—Add after detoxification

70 _Chiral purity: 99 4% (Add during detoxification) 99 3% (Add after detnxiﬁcatiop)mo

- 100
~F 80

£ 60

Glucose and Xylose (gfL)
Lactic acid (g/L)

Time (h)

B 5.4 CURELEHARIEKBBONVE IV RIRE Y R PSR L-FLBR K BE
Fig. 5.4 Bioreactor cellulosic L-lactic acid fermentation using undephenolized cottonseed meal
hydrolysate as organic nitrogen source
Add during detoxification 45 A Bt BERH-A I HEFE K A v 3L [ IEAT VS 5 Add aftter detoxification
FRLESE R R RISV RRBS B 5, FRASIOR B AR A KRG RIE R RIS & 208 20 g/L,
TENLERAINN 2 o/ L IR A —#5+0.25 /L — /KRR AL
SLAEMIRNAE, 25% (wiw) IR, 10% (viv) BERhaE, KREESIEN 42°CHT 150 tpm, KR [A]
A 72h.

5.3.3 VLG AKIEBONA NIRRT 48 25 L-FLER K %
N T B PR SRR E AN RIR A 4E R L- AR K BERUR , AR 5T AR AT
B KBS, FE4k eSS 7 AT 4R L- AR KT, SR /K MBI
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FE 8 A KBS AE 58 BSOS R i s RS s Ja i In (R 5.5, &1 5.6),

K55 REEWRRLBBESbE

Table 5.5 Liquid detoxification of undetoxicated saccharification liquid

Detoxification-0 h Detoxification-13 h
Acetate (mg/g DM) 10.37 £0.58 ND
HMF (mg/g DM) 0.88 £ 0.06 ND
Furfural (mg/g DM) 0.78 £0.08 ND
Total Phenol (mg/g DM) 3.27+0.25 3.33+0.28

ND ARG 5
JBL#E 0 h H % HE & 80N 116.65 £2.30 mg/g DM, iiE: 13 h #i 0% & &4 135.83 £ 2.71 mg/g DM;
R EE O h ACHE S f0 89.25 +2.26 mg/g DM, Jii# 13 h KB &R 89.06 = 1.84 mg/g DM,

Glucose —=-Cottonseed protein hydrolysate —#-Soybean meal hydrolysate
Xlyose —=— Cottonseed protein hydrolysate —#—Soybean meal hydrolysate
Lacticacid —= Cottonseed protein hydrolysate —«—Soybean meal hydrolysate

Chiral purity: 99 3% (Cottonseed protein hydrolysate) 99.5% (Soybean meal hydrolysate)
70 ~ r 120

60 T 100

50

A 80

Glucose and Xylose (g/L)
Lactic acid (g/L)

Time (h)

B 5.6 UEHMKBBAEHRIBELEY RN R AR L-ALRREE
Fig. 5.6 Bioreactor cellulosic L-lactic acid fermentation using soybean meal hydrolysate as organic nitrogen
source
SLAEYIRMA, 25% (wiw) [&E, 10% (viv) M, REEZRMERN 42°CH1 150 rpm, KEER RN 72
hs MRFFERE . TARESINEIDN 20 g/L, TENLERIRICN 2 g/L FFIRIR A —#5+0.25 g/L — KRB -
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K55 PN, WARE Oh IR EEN: LK 1037 mg/gDM, 5-F2 HIALREE 0.88
mg/g DM, #EE 0.78 mg/g DM, &) 3.27 mg/g DM; WS 13 h J5 062 &0
LR 5-F2 PRI RS B ARKS I Y, My 3.33 mg/g DM, AJLAE H, RIGEYRIE
WASHLEE AT R, 13 h BUTER 17X EEAMR R ks, BRI IR %A 2210

Kl 5.6 [T, WITH I EIFE L8 60 g/L, HIEEARKELI N 40 /L, ¥14h L-FLIRZI N 0.3g/L.
DARF R KRN A WL EIR K 720 J5, FIREERE 159 /L, FRARE29¢/L, L-
FLER =& 1053 g/L, L-FLERTFMERE 99.3%: VA HUKMBCOAA AR KEE 720, TR
HHE 27.6 gL, FIAAWE 4.1 g/L, L-AB7 & 80.7 g/L, L-FLERFMEE 99.5%.

ATLUE H, FEAH DKM, SRR A E A HLEVR I L-FLRR ™ 2 LA R
IKFRRAR S 23.3%, FF HLH L 1 R B R Tk b, 1% 32 B SR 7K AT 0 LR R T B R L%
53.4 AFBEMAPIEIR NA4ER L- AR KIS

AR AT ETXT 5.3.2 F15.3.3 H 43 iR FREAT R KR AR Bt T R R 7K AR AN R K
FEBONAA MU, FEVRES B EE 77 20N 20 VT H LR B AR S LR A = 1A LR Ak
PN

£ 5.7 B, TE=FBRINAE NIRRT, L-FLER KBTI =99%, FHIX =Ff
B A LRI v DS I s TP LR R T o H A R B /K AR I L-FL IR T4 32 FN i
E 5358 82.7%- 0.35 g/g DM R REFIZK ARV 1) L-FLIR K I 1 26 AN AL 2 53 TR
64.4%-. 0.27 g/g DM; EAIKMRE T L-FLIE RIS 2L 5008 61.2% 0.26 g/g
DM. 1] 0L AR it By A R A SR 7K S DA L R0 1 FLIR i IR A 22 A A AL ZR 3 BRI,
B SXoF L ) A i 465 T3 2 4 v AR I AR R B N &, R — D IR TENL IR I
R = AR R T - B IR ARTR N, DA FLIR K B R A 2R

£57 AFEBRMENRIETLER L-FURKRE K BRA TN
Table 5.7 Fermentation and cost evaluation of cellulosic L-lactic acid using different cheap organic

nitrogen sources

Undephenolized
Cottonseed protein Soybean meal
cottonseed meal

Nitrogen cost

($/kg lactic acid product) 017 003 0-00
Lactic acid (g/L) 105.3+1.3 85.0+£2.0 80.7+1.6
Chiral purity (% L-form) 99.3+0.1 99.3+0.0 99.5+0.0
Yield (%) 82.7+£1.0 644+1.5 612+12
Conversion (g/g DM) 0.35+0.00 0.27 +£0.01 0.26 £ 0.01

A HLEIRI I N 20 g/Lo

ER R DUOR B3t B M K 7K AR VBN 2 R 7K A O AT LR IR L- LR I AR BB A B
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TR AN 22, ABLLANRS 88 KRB AT HL R L- LRI 277 A /E$0.17/kg, 1T BAA i
By R R 7K ARV AT K VB A L RGIR. L- LR 1A A7 A 737972 $0.05/kg A1$0.06/kg
AR FEARF SR KRN 1/3 oA, W AREE B TS HANME .

54 AKENG

A FE R SO AT B FF R AR T b, i —PIRR T2 & T AR
RIERRN A HUEIERIE, AR AR SR . AR EEE LW T

(1) XPAR By R AN SR AT RAE, UESE T HASIRR, HHEAEEIHE 40%
DL L, AT DR s T PR A B (A HL R KR

(2) HRFHEYERFE K P variotii FN89 i 7 It 25 RH0E A6 R A B By A ki 7K
PR R AT W EE AL B, AFAE A 280 1A it 25 T[] PR A e S BI04 ) B . R R
It P iR R K ARV R AT FLBR I, IR SIS T R It P A FA /K AR RIS A AE B SR AR Y, (BAE
FUIR KA HLEIR & 76 2 AT AT I o DA B M AE 7K SR A LR, 78 58 N R i 354
BHES MR R AT, L-2LIR KB = = MFEE 2 508 85.0 g/L. 99.3%.

) A E 7T, PLER/K AR A HLEIR T LR K, L-FLIR K™ &
FNFEBE S 80.7 g/L 99.5%; %o HEZH LIME AT 85 /K AR VB A ML AR 34T FLIR K %,
L-FLIR K B B A T E 70 508 105.3 g/l 99.3%,  SRAZK MR & B R0 R A M P R 1
IK IR

(4) REARRFER KA A IO I R 7K AR SR 7K VB A LR AT LR K
B S SAS AT, =0 B A AL RS P ASE B s T L-FLBR AR % o i 3 K AR
R A I AR R B A, LU 0 ol e oA T T R R 7K S RH SRR K AR, L 3 B LR R I AL
BHEAK PL=FERMAHLEIRAE = L-FLER A LB IR AR 7 38 AR K AR R
NS$0.17/kg, A ML R K AR N $0.05/kg,  ERAZK RN $0.06/kg, A It Iy #a R 7K At 0k
G RIKBRRAE KBRS ETE B a4 77,
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BoeE HFiLERE

RAR S — FhE AR AR, T TR A R IR ATA, B Al
DU B EY) R JFOR A = FLERAMY A i, BN T R & A0 -t B R Kk ). DA
AYEFNEREF AR, RERIET 2 HSAMREE, B DARERHE A FI S RN 10 & Bt
AHUVEIR 5 FLERAE P2 A 1/3 DL b, T FORK TR & B A LR A 51 N K&
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