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Study on production of chiral lactic acids from corncob residues feedstock

Abstract

Corncob residues are abundant and high-cellulose content lignocellulosic materials from the
xylitol production industries. Optically pure lactic acid has attracted more and more attentions
due to its high potential for applications for polylactide acid (PLA) production. In this study,
firstly, we investigated the effect of enzyme dosage and solid concentration on enzymatic
hydrolysis of corncob residues, then optimized the simultaneous saccharification and
fermentation conditions for lactic acid production using corncob residues and tried to replace
the expensive nutrient component yeast extract with cheap corn steep liquor to lower the

lactic acid production cost. The results showed that 43.11 g/L lactic acid was obtained at 10%
solids loading (w/w) with the lactic acid yield and productivity of 73.4% and 0.90 g/L/hour,
respectively. 30 g/L of corn steep liquor could compete with 10 g/L yeast extract for lactic
acid production, while the nutrient cost for unit lactic acid produced was only 2% of that
using yeast extract.

Two engineered strains, L-lactic acid producting P. acidilactici TY112 and D-lactic acid
producting P. acidilactici ZP26, were used for L- or D-lactic acid production using corncob
residues. The results showed that the lactic acid production of these strains in M-MRS
medium was similar. Then, in corncob residues hydrolysate, the lactic acid production of
ZP26 was lower than DQ2 and TY112 at the low solid loading. In SSF mode, the lactic acid
production of ZP26 was lower than DQ2 and TY112 at 10 and 15% solid loading. The results
show that the SSF mode was more suitable for Pediococcus strains.

Finally, Bacillus coagulans B179 for production of high optical purity L-lactic acid was
studied. This strain produced lactic acid efficiently only at pH7.0, thus long-time
domestication of B179 was carried out in corncob residues hydrolysates at pH 5.5. After 93
times transfer, the strain could use high solid loading hydrolysates was obtained.

Keywords: corncob residues; Pediococcus acidilactici DQ2; lactic acid; high optical purity
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Fig. 1.1 The structure of lignocellulose
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Fig.1.2  Metabolic pathways for lactic acid production from various sugars by LAB.
Enzymes: (1) hexokinase; (2) glucose 6-phosphate isomerase; (3) glucose 6-phosphate dehydrogenase; (4)
6-phosphogluconate dehydrogenase; (5) arabinose isomerase; (6) ribulokinase; (7) ribulose 5-phosphate
3-epimerase; (8) xylose isomerase; (9) xylulokinase; (10) phosphoketolase; (11)acetate kinase; (12)
phosphotransacetylase; (13) aldehyde dehydrogenase; (14) alcohol dehydrogenase; (15) lactate
dehydrogenase; (16) transketolase; (17) transaldolase;(18) 6-phosphofructokinase; (19) fructose
bisphosphate aldolase; (20) triosephosphate isomerase; (21) mannose phosphotransferase system; (22)
phosphomannose isomerase (23) maltose phosphorylase; (24) phosphoglucomutase ; (25) B-galactosidase;
(26) phospho-B-galactosidase; (27) galactose 6-phosphate isomerase; (28) tagatose 6-phosphate kinase; and
(29) tagatose 1,6-diphosphate aldolase.Solid lines indicate the homofermentative pathway. Thick-solid
lines and dashed lines indicate PP/glycolytic pathway and PK pathway, respectively. Lac-PTS:
phosphoenolpyruvate-lactose phosphotransferase system.
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stearothermophilus, F T 7L KA =52 2 TR Z 07 . SRR AR, ZFtr



BEHFRTKE W0 7T

W LR A= B A 205 AT B ] LAE & A /D> B RUR T Eh B 75 5 b A KR T
e, Wang B L35 ik 3545 1 Bacillus licheniformis BL1 A EA 50 °C &1
TRIH AR RS FREE H (1Y) 150g/L i 210528 7= FLRR, 72368 0.7 g/L h; FETRERFF, 41 Meng
21980\ 51415 2 1) Bacillus sp. WL-S20 i #k, 1% # kR AT LLZE pH 9.0 41T, 2 Htbrh gl
RIEIR1E 2250/ FLIR, 15N 0.9939/g, AT LAFRAR YL 1 R 2 FAT B AT DAFE iR 4%
PRI (=50°C) o ZFEFFFBE 00X Le A0 f AT LRI HK BOA, B ORA R 247 4 25
[f) SSF ££ Frd i ) T b7 %, HarLL7e T 40 °C (MR N #HAT A K B (T il &
izl Ouyang M A%t Bacillus coagulans NLOL 7 FI A5 45 Skt A ACHE 76 A4S 2K 1 14
AT AT AR KB . FOKRFEF KR W UE BER B2 25.450/L, % B Pl ¥ 48h 1]
AR 18.20/L FLER, FFH o LLERERIH A A0 ARWEFIBTRAORE . thoh, 2R
DU FH A 3R 2T 4 35 oF 10 N TR J TUBoms A 77 FLIR . Patel &M HF st £ 9, Bacillus
coagulans 36D1 w] DL L iR M & 45 DL 1g/g #1245 R K FH FL R E SR 1S AL IR
1313 KWaHE

K B ] DLPRSE AR AN RS, B IR EERAC, H @7 B4R, Bk U aia
VP2 W IR R T R B o AR AR LR A % . B AR B KA 1 B AR =) — 2 &
BEA LA HER (LR ZR. BEHIRAMHIR) MRawH ., N7 IEImm &, i
FFEAT A T ARSI 2. E.coli SZ63HIAANIE K & A T AT — A T 1% H TR 222 A il
(pfIB). ZHRH M (ackA) 1% i S (adnE) A AE # R R 16 JFU B (frdBC), &I P29 1) A= 1k 32 2]
), BT LLLLE R A e D- AR . Zhouk ™ F Pediococcus acidilactici o i) L- L 4 it &
BRI AR SZ6311 D-ALER I ARG IE R, 3RS T SZTImI Pk, I i1k 15 2ISZ85 B £ »
SZ85#EMOTLHL £ 35 77 Jk rh M FH 6 26 b B W i I LR (1) 1528 1] LIS $1]93-95%, 4l N
98% (J: T RIREBE =) , e K T-99%. SR 1 A AHT B LAEFEMRIIFLIR - R (<
1.04g//h) « PR (<62.5g/L) . FLERIN 52 W AL T AR A ZE AT 1. ok, 4
I 32 B S R 10 X AL ) RS P U S TR v e B LR A 7
1.3.1.4 BEREARMF

BRIRERAT B2 I E A, A2 KN, ARKPUE, LM, Aigsh, nfbE
SE PR A R AT LU U BT HURRYO), PRI, — L R IR T 18 RS B PR T DAAE Bk
A NI S ARESS, WIL-Fhi A hE. D-&ME. D-AHE, Ar-RAR (AR, BEH
BRAN 2,15 T8, Qi 90 N Stk 45 G I MR T 8 HEAT 17 92 IR s — it ok - 7L PR Mt S i [R5
SR IE K EH AR AL FLAT 1 1 D-FLER I E B EE K, 345 Corynebacterium glutamicum
Res167H k. % TRk R EE16h AT L3k 7517.99/LID-FALER (OB2E4liE >99.9%) , HHA
g = & L SR AR R &1 1 32.3%
132 #HHM

WEE, FE kR ER T A i - ALBR e 7 F 2 P, 5 mEH
b, KAREERAT @0 KRB E IR BRI o, AT AR AR AR P A, KR 22
WEUNERIERS, 3145 L LUl BRI BETE ) R B P 2 25, AN B AR 20 B8 L7 A, i
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LT AT DA A 1 R R P B T AR K IR T T A -0 B 2R A . Z0IR
BROIR DAL BOPRON A B AR AT SN FLIRAE = B2 . /INERIR A T A /2 T
AR BERAEAS, AT DA SR R R R AR M S B A, LAl F ORI A R Y,

KRESEERE T ARK B —E R, WM IHIEEH L8, & DIRS
PR, LR BRI SREUIL, KARE ISR R e 5 (E A S8 I Pl AT, IR B
fErh FEELE Y, KARB M ORI 1AL . VR4 DAL R Ui o BE T,

15 KR ERARKERRFIEER

AW IR I B TRUA AR, i P v AR B L R A, R S 2 LR A AR T
BIF=8, DAR KRR 52 2 R S BUN IR AR I B8 S5 R R B2 T R AR 4E R A
AL A U

ARR T2 T 45 s R B B /KR 2 TR S s AR P 1) 2 g ), AR
XS AR TALEE T 20847 T W VR, (EUR WAL EE T 28 F AR B i+ A F, 2520 A i
ST i AL FRER, WA E T2 A, Ho2 K A R R I 2 A A
EEE R, FAh, R R, AT B AT AL (K AR, AT R
W T Y R KRR PO, BB AR T V2 7 5k AT IR R 206 T 4 2B I AR A 7
MR, UBRASEL DL R N AR R B 2 . iR s n P, 7 PO 500011 2l
X KR TR A R AT AR, RISk 4210°C, [BI60min, fitFR53.26% A5
AIUE W EARCTRE A JER AL R L Z AT = 1 14.58%.

5 AN M AT TA B RE A A 7= AR o RIS P 2L ER A B 4 4 2% T R el
K MR TAL R T2 e o M2 TIRA 4 R KR A 4E 2 KA, b2l
WE B EMI A KO, RIS TR ERBERCE, Rz — R OKPE.
TEHERILEE . EFIZERO |« b2 O ERIERCa(OH)) « 4 GERE. FI ]
WK B 5 ont SRR AT B T, (E R B EE T2 ) NS B o F B A i % 2
PR o JRAT 5 VA GRS TR A A R (K B 0 A R B R R . i Walton 97 i
FRORELE ZF AT R MXL-OBE A, 1 PO 1) AT 1 27 4 25 P BT &5 1) 18 S B R 55 40k 4
HA w521, vl A 5230g/L Z.FR « 20g/Lak &, T w] DL B RS2 B it AT AR R B

En Bt AR 77 AS, S, DL AR R FE IS AR 5T P 0 75 )3 22 1A i FH AR
SR T AR T4 LRI Tl AL, o7 o Sop bt R b, BB AL SRS AR TR AN £ i — ik
I A ENE TEG (N VIHEIRPERE) RICBH (414 Wil Migt:, S3UKM™
IR BB, B R ETE R T VS D5V T T R R ), Un 2 e 2T 4 R i AR R
o B - B RIS /1, BB B SSF R I i 25 /K i AR rRORE LIRSS, AL A iR
BEIIZCPE GRIZ. pHy BRFE) , TE KM R o s o B- 881 77 W L T LA 38 G 41 4 — # 1 A
2,

ShenZ5 M Fi] — 425 B K AR5 R BEIE S 70—, R KNSR S A 77 LR
Bt FEAE 2L BE TR b 4T, B T B N20FPA, 535 [ e Ab 241 4 — WEBE IO A: TR AE —
i, BB RERISIER, IR N100g/LE, K AR 2 N82.5%. 53
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A BEE R AR A TR, irl BT AR R . IR E Jy100g/LIN,  FL
FR 195 N92.4%, =% 50.938g/I/h.

KA 2 R IK AR P AFAE S TR (RIS, I8 5 Uil o K 2 B L BR A r= R vkl ]
AR ZSTcm o BN T H R, — Lo LR W R AN RRARY, — LU 3L IR I i iR e
Ml R, SRIGARMFEIN SP4 ORE. LRERIFY), FLREFRAUN0.69/g/KHH .
T 00T P LR A 7 T Bt T A AT 36 PR s 415 T A vk 1% 4 R, Abdlel-Rahman %45 i
3R1F P Enterococcus mundtii QU 257] LLIE 1 i 2 b i 45 LA 1o/ g 75 22 AR U b 3Rk A5 2L
% . PatelZM st 28, Bacillus coagulans 36D1 1] DL i i i b 4 4% LA 1 g/g b ()
TR P TR SRS LR . OkanoZ e M FLAT 18 4 A AR BE RIALSE IR, Kt SR AT (1
T % R i e A8 0 M IOB R R A, SCBL  R) P AR AR B R A B v 15 23 A = LR 1 H
Wro BUERANRG R FRITT K retS R H ol J ORI MR TR & 35 9%, IR BT
YR RHOFI I ZE,  nCuie NPIULFOKRREFF N ERE, TR A5 F5L. brevis ATCC 3677
Lactobacillus rhamnosus , SSF3k75 1 20.95¢/L#L1%, H HLactobacillus rhamnosus /& [7] %!
FURR K, L. brevis ATCC 367 7] LUK &1 05 . AW FLbE R KB NI .

R YER LR A 7 I AFAESRAT FLRIR T S AE FEAN () ), A AR DB A,
KRB ANk 4G 28 fOAT B 7T LA P2 R 4l e (=99%) AR . HN HIR$E 3| 1) & hap
LB, RDAFLR™ &K T100g/L .

N T HAF R R I FLER B, B 7 B AR ST I/, 6 AT B AR E AT 2 R TR e
Mah, AT LB B AR EAT YL . Bai A0V I LI A SR BRI, i
B KRR, 8 IO R 2 R. oryzae HZS6, B YI1LE; 7% 30 /R3R1E . FHkk HZS6 5
BRSEARE HM11 AH LS, IR R M ALIR 1S 5 a2 J5 & A o K1 78h T LLE 4
THAE 7€ TR IR R OB, 345 77.20/1 LR, FLER 1SRN 79.6%, P~ 4E & T 115%;
Bacillus licheniformis BL1 & Wang 2B 1358 b i ik S48 g = AL BR W bk, 1 DAAE
50°C il T WG H HER . AR FrARIR . HU . RERE. SRR RV R A LR
BL1 7E LB #5574k KN ER R IR F s K™ 3705l v 7.8g/l/h. 0.7g/l/h, iy HLAT RALE
20h P9VHAESE 100g/L %I b, 48h PYHAESE 1500/L Hi%KE . LA M T, BLL AREF
FAAKE, (H2 G854 N AT RUR A, 2t R DR 2 Re 2 BRI B0, BRI AR AT T
Yk, 3R1S BL2 Bk, BL2 AJLL 48h NIHAESE 100g/L ARk, FLEREAFNT glih.
TEHAMET BL2 xylA & xylB 1K BLL4RR T 5.1 & 6.2 £5. 1E#% XNAELHLE
Br bt BL2 4T T Y14k, Yk 68 K5, 3KfF T BL3 Htk. #HET BL1, BL3 L
WLELRE I 3L g AT 08 P~ 2 0.7g/1/h 35531 1.9g/1/h,  AHEF= 2 M 0g/l/h $2 5 2 1.29/1/h,
& FE M 0.3g/I/h $2 75 21 0.8g/1/h.

] DOl o ALER AR R T2, DM SRR A5 2, SEHUR A 4E LRI Tl
AAEF= o da] LR 8 8 5 B8 B - A b g B 20 B8 P2 )AL R, DR 4], SEBLsE
PR LIRS . Min-Tian25 L@ 1 s b RSl 7 LRI w2 2 72 . W EIE R
IR FEOEFE R B T LU i AR P2 % . Shen&5 Mkt (G AL AT B AT T B e 4k, SEl T



55 10 5 BARAI KT HLFARL
TEIR B . 3BT DR FH A AR R BB, 90D Mk FERE B4 E A, 32 s LR R I AL
1.6 RBHANBEREX

gr FRR, AR, Fel ot A AR Tz, BRI R E A
PR T AR AR =, ASTREFE 1T AJEORE, R PR 7 T BRI AR P2 A, R oK
T ERIE KA = AR, AT CARRACA, I IR N E, R, A FE
B T Pediococcus acidilactici DQ2. 7= /&y 21 B L-FLER 1 LA AR TY 112 A 7= i 4l fE D-
FIRH LAE B MR ZP267E & i F- . R A IR K MR M SSFIA R I AL IR K ¥, W7
3 IR e ot T A LR R BT RE S, A TR B AR R P A B AT 4 R TR R B AR R LR
IR FEERAE T EAS
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E2E FRAEKTHEE~ALR

21 FIE

FLERE —Fh 2 R RS ifb 2, T2 B AR & 28 At i A e T BT,
VEHE DI AR R FLIR BRI N FH 52 31 1 BRB 2 1 07E . D LFLER IR &1 B 2R
FLIR /2 Jaigi & TN H 75 R IAE L R-EY), DRt m ot 4l B2 2 LR /E APLA AR
SeR SRR, PRARIE, T L-FLIRA S D-FLIR (1 AR B A AT LU A LR AR A R L-FL
i LR D- AL i 50°C .

EIRPLAR) 7 SR IEAE A Wi 0 A8 2 J5ORHR iy oA BR 1) 1 H A 7= Re ), Y2 i i
GBI BRS04 7= T 255 7 VR PR A o A8 T AR T 4 4 2 S50k il n]
PABEAR A 7 A o AR ST Hp A FH I 5 AL A2 AR B £ 4 2R J5URE R 1 — i — o Kot Tl ki,
TR TR R TR F=ARE (B KA S g, P44 5
PR B o TR 4 O [ AR TR S, R AR A R RN, RE AR () %4
MV AEFE R 277 H140-50 /7 ) oK 8 TolkARE, (HH T8 = SE R HIEA, Ragbitk
RN RE CRERET R Z15070) 1F B R e B, R i T oK iRl 4T 4 %
TERE, PMERME, AR TR, HERES, W2 ERE M54, F
HAEARE T RE A=A ARG W TRH: £—, FERFEE, NigKEE £,
JFRIPAgERSER: B=, SHERRTYERFERMEL, RNFHETE R A,
AFELEEINFE R, 50U, FROIRE T O3 mhE, A7 EEEAmENFIA .

EDG A AR A AR RIS A LU I g4 B AR AIRIE AT,
Bacillus coagulans 36D1. Bacillus sp.WL-S20. R. oryzae GY18; it 3K g sergA
P — MR FL R T bR, Okano KI®UtL plantarum §1dhD#EAT T B, , 45 5 Sonmils
B PR RS 2 P2 Al IR F199. 7% HIL-FLIR, FF H LB B RG22 . mkrL-3L
T it S il 5 R 5 S 0 2 3 R B DR DR I L AT B 114) D - 7L 1 e S g 2 IR 1) 4 2 B A 1 T
PR K BEL6hTT LL3RA517.99/L D-FLIR L4 >99.9%) , FLIR™ & R A IE =
132.3%. {Hs H AR 2 H00C T 35 R oot Bk 1 FLIR A 7 9t 98 #1572 DA & s 77 B e ¥y
FIERL, AR FOA R A4 2 AR R JFORH FLIR R B

ATV TE NS B3 AP 53, SRRy B AE R AR I 1k 2 B A0 R B0 FLIR v BR
F#Pediococcus acidilactici DQ2JYFLERA: P Bk, 57 IRk LT Kt Tl Bkt Ay SR
A=A T2, RN 22 H B B8 F-Y- SR K B A S B A A AR A ™
AR RN, RS T ERE AR SR BT 520 38 3050 I B ARA &t
R A #kPediococcus acidilactici DQ2 A 7.1 it 2 i I PR i B TR AR AE & il 7R 45 . oKk
T IR S BT TR SSFAAR 22 LR R T It RE I 22 5, PR LI M S g ks 8] o o ot
IR R LR R VE RE IR R



%12 7 BHREEITKF W%

2.2 SEIGHEE

2.2.1 WG SEIRA A
22 LB IR BT 0 AR b k50, 62,2 o i 2 I 70 e R e FH 1) S8 A 28 o

F21 &
Table 2.1 Reagents

LSRR N Bk R K

oI HPLCG g R AR A A
HIERE BR 7 5L IR YIS R A A PR A

L-FL IR AR Sigma A

B R AR bR AT BR A 7
g IR 4 AR ] 24 B F A 2 A0 A PR A ]
TR — AU AR bR AT BR A 7

B IR S AR g iEA R RA BR A F
ivEeS AR bR A AT BR A )
il AR ] 24 B F A 2 A0 A PR A ]

G4=)3 BR bR R I G Rl v A T

[izasyy) BR L IABERFR 3 A7 R 2 )

ToIK 2 B AR bR PR A ]

BETR AR (SN

(LN AR AT

UEZS-~ AR Sigma’\ 7

#2.2 LI
Table 2.2 Experiment equipments

D& Bk R K
SR DU-800 Beckman /A
AR B DAL J-26 Beckman /A 7]
ARRIEAE RO S415R Eppendorf 2 ]
HAVEIR ST DHG-9140A i ER A
LR Y T AT ANKOM 220 2 [ ANKOM A ]
(EHEYI ZC T RE
b 7K A iR B 7R AR GHP-9160 g —1ER AR
FEHE IR UK AR 86C Thermo A
o g g SX2-2.5-10 RS A BR A A YT B

R R I PEAL SB-5200D (10L, 300W) T Z AR
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H13

pH it PHS-3C SRR A R A A

R TR BS423S b2 R

S AIR G HE TR AR HZ-2111KB ik

UKFE BCD-239VC VNN

e BC/BD-625GA B REEH

AN EAEE N MX-S J[E SCILOGEX

s TIES SW-CJ-1FD DN N PR RE

o RO 1 LC-20AD it

HRaliK itk R4 Milli-Q Millipore 2 ]

5L A 5L MR A B TREATBR A ]
DU Ik i I e BIOTECH-3BG LW RS TAEA R A

2.2.2 WFP R EERE
i ifs L LA R T 1 1 LR I v FLIR - BR 14 Pediococcus acidilactici DQ2 A4

ENS M INE RS N

P.acidilactici TY112 &[4 P.acidilactici DQ2 ) IdhD K5 KBk, B LAAE =4l i 5
% 99.88%1 L-5LHz. P.acidilactici ZP26 ¢k Pacidilactici DQ2 () IdhL $4 (0 5 K,
A LAAE P4l R IA 99.2%11) D-FLIR -

M KIRAT: BRI M-MRS R 37311, £ 42°C., 150rpm 644 T is 1L 12h,
5 30% HMiRA 5, FMAEHATEE, (RIFFE-80°C MUKFH
FhiFRE R RAFEEAF TS, £ 42°C. 150rpm 264 T ik 12h

2.2.3  JRRHS 5
R TP il AR B AR R AR L7, F i) ’ft. TG

BRI &5 B Ad FH ANKOM 220 2545 25 20 A AR 5 #f b gE AT I 52 o
Sty b BT R 41 48 5 Youtell 6710 [ _E¥g U4 RAEACE IR AR (L¥), 4RI
B 9 135.0 FPU/g, £ 4 — 1k (KB 9 344 1U/g.,

224 ¥EFEH
(1) FHERFERE P. acidilactici DQ2. TY112 M ZP26 Fh 115753, ELAL)E /) MRS

R 7% (Modified-MRS, M-MRS):
Hi%FE 20 g/L, BERERY 10 o/L, FEAME 10g/L, FrEERE 5k 2 g/L, FREZEE 0.58 g/L,
Wilg4h 0.25 o/L, BilE S5 2 9/L, ZFR%4 5 9/L. 115°C T K& 20 min.
(2)  RFER:FREE:
5 M-MRS 872 5 e AR IR, B2 &b

2.3 SEI VR
2.3.1  FORKEHRIE B et el 2

AN [) [ 25 R S e SO AE Bl By 15SFPU/GDW . 1R 648 R k4T, S ERLE AN
5%-. 10%-. 15%; A~ [A]FfH & A5 S OG 7E [ & & o~ 15% 00 2644 T #1417, B B 60
N 7. 10. 15. 20 FPU/gDW. fdi [ 250mL #3347 525, S &N 100mL, %14
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50°C, pH4.8, 150rpm, JAA 100uL PURAZIEM (10mg/mL) | H T #4411 A
K
2.3.2 [ABHiL S KB (SSF) ks Tl A= 7= 3L - P.acidilactici DQ2

T K T B )[R0 B Ak R T S B 0y A MBS TR 2R 1Y) BL K R R gk AT . Tl
B fi#AE 50 °C pH 4.8, 150 rpm MIZ&AF NatbAT, TUEEME 45 KRS AN pH A R P 7R,
FE4% 10% (VIV) FIEEF 28 ANFE M-MRS 537 E:rhig Ak 12 /NN J5 B 2L v BR IR T dh gk N
[ DR 5 R B B, T 150 rpm RF4E 48 BY 60 /M. £F4E 2 g H &= 15FPU/gDM,
Fi 5 M NaOH 5 pH. SEIG X FEAS & (5108 5%, 10%, 15%, wiw) . TREGAE
A (3R 0. 3F0 6 /D [FPHEAG S KR BRI EE (4208 40, 42, 45, 48
A150°C) A1 pH{E (5.0, 5.5 F16.0) AT,
2.3.3  TORFON TR TV AR [F) 5 WAk 5 R B A 7= SLIR (1) 52 T

SO LR A B TR SL R R R EAT , SSF 2k At 15% 0 & &, B &N 15.0

FPU/g DM, Rl &0 10%, ANEAT HiREAL, 75 45°C 214 F iE47 48 /Misf . pH i 5M NaOH
W E] 5.5, X HE AL F 85 7735 8 M-MRS, SEI8 7T 10. 20, 30g/L £ K I E M-MRS
7R3 10g/LYE A1 10g/L 25 AR R AT 471

2.3.4 ARG FRIE A K R LR R R N L

A K il 2R I 2 SR B AE WK FE Dl 20g/L Y M-MRS 353 5tk 47, 448 42°C,
150rpm, VREAEE EAEER, R RN 10%. FLRR K EEXT L S2I6 R WK FE l 50g/L 1
M-MRS 5755 mhib 4T, %8 42°C, 150rpm, BERZGIEAL 12h, HRhENY 10%, A
B\ 1gCaCO3/gGlucose 75 pH, 4F 12h H 5M NaOH 75 pH £ 5.5,
2.35  FKUHR K MR ] 2%

10, 15%|[f & R KRB IR A 3 W AE 50 °C pH 4.8, 150 rpm (¥ 4& 14 N HE4L 48h,
2T 4 X F &y 15FPU/GDM, FJ 5 M NaOH 75 pH, F#1k 5 2 10000rpm #43% F &
O 10min, YeBE EIER . 59%[E S B KA EH 10%[E & B K AR — 5 3k 15
2.3.6 [FADHEL S KB (SSF) TR TkskE A r=FLER- TY112 K ZP26

5%. 10% i 75 & F oK TV ERE I R AP BEAL 5 K B Se 0 78 3L K IEIEh 1E4T, 15%
i 5 TR T A IR BRI 5L R BEGE h E AT . REEAE pH5.5. 150 rpm A AT, B
Fl & A 10%, £F4E %05 &N 15FPU/GDM, F 5 M NaOH 15 pH. SZ56 At [l 44 2 &

(32N 5%, 10%, 15%, wiw) FlEEG S R IR BRI EE (4393l 42, 45 il 48°C)
BT
2.4 Sk
2.4.1 TR TR 450 5
(D)REE: TR TR AR & F4E 2 2R 4E 23 2 10002 8 FH 12 ANKOM 220
SYER T M Z R0, RS FRAE 105°C BOBEFE HE o D0 i 75 C ) oot AR 1
Vet BRYEBEEAE A NaEDTA. NaxBsO7 10H,0. + b LM R AN AN £ — BE LTk,
A LA RS TRy AT TERESS . B IRMIFE ARSI, FES R E R K
NEMEARAER PAYER. KOMAgER, BT HRKTYE. BRERIEFIZS
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CTAB (7Ski = HEBALIL) BRERIET, v LIAME PR R A4 b adi R, ®F
MIRNBEI S EHOYE R KOMARTRE, NIRRT YE . 55 R D5 4T 4E 7 IR iR
FRIEAT IO EE, VMRS A AP A 4R, T NABEY R KSR R, AR
PRI AR R R - i 22 B SRS rh M ik 4T 4 IR PR VR AT AR M TR AR R RS &
5 FH S 3B 3 E AT 2K 43 (P B o K o SIZES A 6 7 52 AR IR M R VAR A DT 2R TSN L T 1)
EH T, —ERN D8k, ndAE] 250°C, 4EHF 30 /04l SRJEINFE| 575°C, iR
/NI, iR, FEFFIER] 105°C JFEUHE B T s, BHB SR ETIRE.
@) PP AR AR SR A
A YEFR (%)= BB AT 4E (%) - TR VR B AT 4E (%) x H B 41 4E (%) (2-1
2T 4 2 (%0)=FR P VIR 4T 4 (%) x HH I e 5k £ 4E (%)~ FR T VeV A T 2= (%) x R M e i £ 4
(%) x HH: Pk 21 4 (%) (2-2)
2.4.2  FEAIFLERV BN 2

AR S 5 LR VR B PRI R = R T F AR A 55 R L AR 58 D00 e R FH v 255 A 3 2
M7, itk )y Bio-radAminex HPX-87H #, #Fik 65 °C, izh4H 0.005 M HySO04,
JIE 0.6 mL/min, Al #% A RID-10A 7 ZE A 25 o
2.4.3  FLERMTLNE

Megazyme A 7 i) K-DLATE D/L-ZLES 56 F T & FLER ) Y

L- LR 52 S AG I 75 PP BRI N . BN (1) Fian, L-FLRTE L-FLIR i U
(L-LDH) {46 T # Bk AR A — 5B (NADY) SN A ERIER . 1% [N A2 AT 3 s v
N TR R B A AT, TR BREIEE. Bk, R (2) Bismd, RMNARRH
THRKE D-BRAR, W/ D-BAR- NI 28 (D-GPT) Wi /EH TN
D-TA B AN 2- 15 — 1% -
(1) L-#AE2+ NAD A FE+NADH+H"
(2) HNER+D-1 2R D-N IR +2- 1% — 1%

AR LA B I B A = AR (1) NADH R TR L-ZLER )5, 340 nm Ab R BEAE 1Y
14 A NADH [ & .

D-FLER 1) 8 S A [F] 2, AN[E )2 D-FLER /& 7E D-FLER i S B (1 (4L T S A0 N I R
iz, HAhAHRFE.

23 L-IARBERNDER

Table 2.3 Procedure for L-lactic acid

TN B e A 47 i TH FE it

2K (25°C) 1.60 mL 1.50 mL
P it R - 0.10 mL
W 1 OUH IR0 0.50 mL 0.50 mL
VW 2 (NADD) 0.10 mL 0.10 mL
=IFH 3 (D-GPT) 0.02 mL 0.02 mL

e, 293 min JEERBURIIBOCEE (A, SRIGIIAN U BOT46 B
BIFM 5 (L-LDH) 0.02 mL 0.02 mL
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RA, RMEARE (Z)5min) BBUERBOLEE (A,

2% 2.3 Boni BRI e b k. D-ALERIKFERI S L-AL B ERNAEE, RFEE
L- L& A S0 B 48 i, D- 7L 188 Ao 6
D/L FLERIREE AU T

C= V x MW

exdxv

V N ZAE=2.24 mL; MW 5 D/L ZLIR K73 T & (g/moD); e 223 K 7y 340 nm IFf NADH

(I 2 %=6300CIx molt xcm™); d 996 #%=1 cm; v AEE R AAFI=0.1 mL; AAp/L as=Ar-A;
CRAFAIE SZBG I HER 1, AAp amie KT 0.1)

e 2.24%90.1
D/L FLERHIIRE N: C = x90

6300x1x01"
ST L0 T 5
L - SLHRIRE
L~ FLRGHE + D - LK E
D - FLERIKFE

D-A=———— —————x100% (2-6)
L - FLERIKFE + D - JLIRIK T

2.4.4  FKE VBRI BB & = 1 e

(1) BUEKE VAR (2200 mg) 120 ml 95% (1 FHEZ J5, & F100 ml) 5 A,
40°C F100 rpmifki%id 7 .

(2) 13000g #5.C» 5min, HX 500ul £ i B H I (FRifak 95% H EEHon D B T3 1k
B, HIA 1ml15% (viv) FCiRF, WtiRdRY . (FC BN ARAT TonA, &=
SEALEEYIFD 5 N 4 ml 700 mM Na2C03, ‘=& F M 2 h.

(3) B RS hRREEkZS (1) 78 765nm w] UL Tl e W 6 AE

(4) VABEETRRARER R FERE BELE 765nm T I 52 W G AE -5 W E RO b v HH 28
245 FLREXRUHE
FD L S AR RS AR T, LRI T TR Tl & 5 2 A X T
[Lac], xV, —[Lac], xV,

f xWeg x1.111x1.0
[Lac]o F[Lac]s 73 7l A& A BT G AR 45 R FLBR IR EE (g/L), Vo AT Ve F3 il K B G
FNEE I A B RE TR AR AR AR (LD, Wer A2 SSF A H 9 R K8 TR T E (@),
f BT T ROIRE R AR S R RS (g/g), 1111 SRR A4 R 5500 & b
AN A 28, 1.0 A s vk B b e ) i 5 LR TR o R A R AL
2.4.6  LAEREEI E
T 425 PE AR RS WU 52 720504 1 25 [ NREL fAH S 5 751k 87), 21 2 — ity 7% I <8 706
4 [ Ghose $2 H1 1 77 1E 198,

x AA g/L (2-3)

D/LFL

AAD/L;‘"—LE? g/L: 0.3204xAAp/L sum g/L (2-4)

L-FA %= x100% (2-5)

ARIGHR = x100% (2-7)
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238 SBERSITE

3.1 FRETIVEREIEEET R

TR TR R R TR A = ARE () KA i RE b, K L4 44
B R SO AP TR A O AR R, B NATHE R AR R T, 48] ANKOM 220 £F
YA AT LA B Ty Al 8 B ORES Tb Bk () st 4 R B, A4Sy 58.15+
0.35, PA4ERTEN 9.05+1.44, RFESEN 14.02+1.53. F K TALFRE 144

HGEMETREHARRAGREMTITHRSE, W Guo U T K4
,&%% AN 34.3, Sasaki 25U F (¥ H REA (47 4 55 BN 45.1, DRIL AT LS e 45
W, TR T ERE 2 — ML R AR 4k 2 5k

T, BAE T ARE AL TR I VR PRI B 28 & i R e, e K R] ) vy i
BRKME, RIMEBE® Z L, O 0 TAa4ERBrINI, CA R HET LR,
AR T A=A

K31 AFABEHERESEN TR BB KRR

Table.3.1  Effect of enzyme loading and solid concentration on enzymatic hydrolysis of corncob residues

Solid concentration Enzyme loading Glucose Glucose yield
(Wiw, %) (FPU/g DM) (g/L) (%, of theoretical)
5 15 31.5740.13 90.940.4
10 15 60.2040.30 82.040.4
15 15 92.3941.67 79.2H1.4
15 7 65.7642.13 56.3+1.8
15 10 77.7541.13 66.6+1.0
15 15 91.06#4.17 78.0643.57
15 20 98.9244.51 84.7943.86

BEA AT BRI NZR3.I07R, pHHIBERRSE A IE HI7E4.8, MAES0 °Cy 150rpmakf R kAT
727N o

Saccharification conditions: The detailed conditions were listed in this table. The pH value was adjusted to
4.8 with phosphate buffer, and the mixture was maintained at 50°C, 150 rpm for 72 hours.

SSF L2 i R il V520 SRt 2 WK, DRI S IT 1 BRI B g AP RE
17 i FH B AN [R] [ 25 0 K RV B K R 2 . 45 3R AR 3.1 T, @ﬁﬁgﬁ‘ﬁlﬁl,
HIZy 15FPU/GDM I, ZRAS I %] 46 WA E it o5 [l 35 S OB I g 189 0, 5%l & 2 7T LA3RAS
31.57g/L Hi%IKE, 159 & BT H A HHR Y 92.39g/L, (H213 R ARG b5 g
IRTFEAR T, HHJE R 90.9% FRES] 79.2% . PRy A 2 AT LA 7= M MR B 27 4 32
@ A0 B, B B A AT e 2 B T AR BOR IR A3 NI ) o 8T P REAZ, [
B, SEERKTEIE LR A TERER . & EME, By 15%N, IR K%
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BRI 45 R R BE 2 g FH 3 o B n . B A 2 15FPU/GDM I, 5 28 108 4 R
¥ 91.06, 5% 4 78.06, HgH N 20FPU/gDM I, f 2 78 & FEIK E N 98.92, 5%
79 84.79, LU BN A A B B AR, R ILEE R B0y 20FPU/gDM I, ERARA
TN AR R A R, (B RAIN TP 4 KB R R UL, RARIEN), Fthsss
e R AT, WP 15FPUIGDM 15 A 5 8207 7T 1 &

3.2 R IRE Peciococcus acidilactici DQ2 X E ks TIVRE BT RSB LS K
B (SSF) AF=F.ER

3.2.1 [DWL S Kl A= 7L T Z it

IR S ki 12, BT 4ER I Be R 5 E VR R — D N as H BT, AL
iR BRI A 7 40 e WS £ 4 S X 0], O EL3R iy S B R A, i BRI
Tt RAT [ WAL S R B T2 O N AT 4 R BRI AT 4 3 LR 0 rh B (1) 2R 7

H
[NF

IR EAE, "] EP N S RIS o AP B, BTG AR Be (50 °C) Al
A0 B S R e b By IR AR A E I AN RN T 8 D BRIk, AWT I E SR 1 FoKE
TNV BRI R0 R 5 R WA P2 SR I T2, QAR RPN 5 R TR B iR L TRl Ao
BRI Ia) s [P REAL S R BOR pHAT B4R & 2 (45 2R I3&3.2).
3.2 TREACET IR REE. pH A BN R K T AR SSFAE 7 FLER R SR
Table.3.2 Effect of prehydrolysis time, temperature and pH value at SSF stage and the solid concentration
on the lactic acid production during simultaneous saccharification and fermentation of corncob residues

Solid Lactic acid yield =21
Temperatures  Prehydrolysis pH . Lactic acid y acid
0 . concentration (%, of .
(CC) time (hours) value (o/L) . productivi
(wiw, %) theoretical)

ty (g/L h)
40 0 55 10 30.5642.29 58.844.4 0.6440.05
42 0 55 10 33.67+2.08 64.844.0 0.7040.04
45 0 55 10 43.11+1.24 82.942.4 0.9040.03
48 0 55 10 31.5+1.28 60.642.5 0.6640.03
50 0 55 10 22.2341.05 42.842.0 0.4640.02
45 0 55 10 43.11+1.24 82.9+2.4 0.9040.03
45 3 55 10 35.6540.88 68.6+1.7 0.7440.02
45 6 55 10 39.6640.72 76.3+1.4 0.8340.02
45 0 55 10 43.114.24 82.9+2.4 0.9040.03

45 0 5.0 10 39.9140.17 77.340.3 0.83#)
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45 0 6.0 10 36.35+1.32 69.942.5 0.7540.03
45 0 5.5 5 30.0140.18 128.840.3 0.62540
45 0 55 10 43.11#4.24 82,984 0.9040.03
45 0 5.5 15 52.3640.11 62.140.1 1.0940

SSF&At: TiFEILIN B, 214 &l & 515.0 FPU/g DM, 5% 550°C, pHFI5MNaOH i %4.8;
SSFI B fhE410%, pHAISMNaOH ™ IS4G fr TR {H . SSF—3Lidk4T48/ M
SSF conditions: the enzyme dosage was 15.0 FPU/g DM, the temperature was 50 °C and the pH value was
maintained at 4.8 with 5 M NaOH during prehydrolysis stage; the inoculation ratio was 10% (v/v) and the
pH value was changed into different values with 5 M NaOH during SSF stage. The total SSF process lasted
for 48 hours.

SPNTER 3.2 AR, BEE [FEPHIL S KEEM BUR LT, RIEEA R FLRRIR L . FL
FR A3 2N FLIR A P AR HRBE 2 0, IR RIS R 45 °C i, RIS I ALBRIKFE . AL
1R BRI A = R AR IR B e v o AR AR SRR SRR, RIZE RIS AL BRIKFE . LIRS &
FIFLER A P R R M T IR AR %L RS Zhao SNSRI 45 ALY, Zhao %%
Ak J5 B EE A 48 °C, 3 A R PR AT B2 B T 0k} B SR Pt A B 7 AN [F] S 20K« Zhao
At L20Lf P 1) JEUR R A BRZETVB B T AL B 1) TR A AT, I gt ARl 28, BikR 7 K80
SN, PRI AR A KA ), M TR ik & A £ 5 s =50,
T KOS T AR AE A P e R o A BRI ) 5 R B 25, T B 200 B A 1R AR 7= A 410
filo &2, 45°C [FIT el | 241 24 W () {10 S LR 1T IR K%, /2 DQ2SSF 7= IR 1 F AL
T

T BB S R B BURIR s (45°C, B er4k R BoaE g ), rba
TC TR FLIR IR FE . FLER AR 2 RN FLIR AL = B I sE AN K o A, I o TR A ] 1)
SN, TR B N A4 BRI 2 B VR R R BG T S UK BE R T R, B, XF
87 RN S KB BN R pH B X FLER K BE RS2 . 455K W], 1E pH {E 4 5.5 %%
T FLRRIRE . A3 MA I ST LUA BBl pH 9 5.0 F, BERE M T LF4ERBEH)
HEAIER, (HR2MK pH &40 T, BFRETAAAEREZ REEEIR, KA ANHB A,
N T RECRFFAI A MBS E , TR EHARRE R TR, B S TR R E RS,
MIMAET. . SR = pH B E R T AR, HERS FHAHERAE. Fit,
pH5.5 J& DQ2SSF /& i 53 pH.

B, BTG T A [ E 20 5K Tl Bk i e T A 7 LR Uk B A e P 52
Wi, 25 REH, B B S BRI, KIS T FLIR BV FE IR TG I, R FLERTS AR
HTRRAR . 245 5 & B TR TR A B R 52 A — 2. Bbabh, FRATIE T R
JrAFFLIR B A, Horh -SRI & &N 63.4%, D-FLIRHI S &N 36.6%.

3.2.2 FRFX FARB DAV R HEL S R B A = LR B R
LR B e — R E SR T RAR R S A . FEARII R RA T, EIRA sy, TR
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FEPERERY (R A TT DA o BIFLER B A ) 30% 2 4512, Rk, FIBRIN I E RSy, o3
e FRA SRR QL R i 0 97 32 v 1) 60 S 2 00 U e By AN R 3 R A2 PR LT 4R R L IR
AP AR B O

-~
o
!

Glucose —4—Control -0-10g/L —<—20¢g/L {1330 g/L

60 4 Lactic acid —&—Control -#-10g/L —€—20¢g/L —8-30 g/L

50

Glucose and lactic acid (g/L)

Time Chour)

B3.1 TR RS DAV R 5 R A = LR A5

Figure 3.1 Effect of corn steep liquor on the SSF of corncob residues for lactic acid production
SSF 41: 15%l[#E & &, &R 15.0 FPU/g DM, #EFhEN 10%, AHHTHibEfk, 7F 45°C &4 T
HEAT 48 /NF . pH ] 5M NaOH 5 81 5.5, X B2 4 I R 72 58 M-MRS, S2EGHF 7T 104 20+ 30g/L
FOKRFACE M-MRS #5775 10g/LYE 1 10g/L & AR A 174 .
SSF conditions: 15% (w/w) solid concentration, 15.0 FPU/g DM, 10% (v/v) inoculation ratio, and SSF at
45°C for 48 hours without prehydrolysis. The pH value was maintained at 5.5 with 5 M NaOH. The
nutrients supplemented in the SSF broth in the control SSF was same as the M-MRS medium without

glucose, while 10g/l, 20g/l and 30g/I of corn steep liquor were tested for substitution of the 10 g/L yeast
extract and 10 g/L peptone in the M-MRS medium, respectively.

FEFLIR R TR =, & Fh BN 0 R N EERERY B A C3R1 1) 2 I 9, &%
By AR KRS AT AR KB AR . AR —MEFRFEE HZNHT
Tl KRB 7, R, FRATTZ0H FOKIRAE M-MRS 5557 5 A [F B REA A2
HELL T A TR IR N AR R Re sz (S5 R W 3.1, T 3.1 AT, 4
TR E N 10g/L I, REZ 48h A It 27.50/L B PER 4, T HIALER AL R
AT M-MRS B 7R AL 15256 . 17 4 FORIKIKE R 20g/L B, 61 & 08 17 FEIE %
LR I A4 P~ AR T M-MRS 5532 L 105256, 1 HL R I 45 o 1 FLIR I &
44.88g/L WHEAK T X I o Mt — D3 KIS 30g/L B, 71 47 B (1) 7 FE 3 R 7,
i A R % 5 0 R AR 2, R TR 45 TR I R PRI Hh LRI 5 Dl 49.31g/L, (Rt ] LA 30g/L
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FAKRAE 10g/L H AR 10g/LYE BEAT FLIR A% -

PV 250 7 AE AR RS TR0 X FLIR A B AR U RE . (LR 3.3) . J3#hrak
3.3 W1, HITEEEREAIE A RRR U & TOKRRARZ A, 1 H AT i LR B
B KLI00 1200 $iton, [Al, G SRAGHIRERE & 1R B IO E FR AT FLIR SR B 267,
T8 7 B A LR SR B . TR 30 /L AR KRB BEREFE IR H
B, BIRBAR R B FLRR B AR EN TG 10.17%. AT LTS F AR A A B 0 oK 2R AE NS 77
AP LR SRR, T B R AR R 5

K33 ARKBHEFRRAE

Table 3.3 The nutrition cost for lactic acid production

Ratio of nutrition

. L. Nutrition requirement Nutrition cost ..
Nutrition Lactic acid (g/L) . - cost to lactic acid
(kg/kg lactic acid) ($/ton lactic acid) . .
selling price (%)
Control 52.36 0.38° 6080 506.67
10 g/LCSL 25.85 0.39 78 6.50
20 g/L CSL 44.88 0.45 90 7.50
30 g/LCSL 49.31 0.61 122 10.17

WERERY . 2% R DA R KRS IR 40 3 10 $/Kg, 22 $/Kg and 0.2$/Kgl™. & oA B Ml 2

6.3. SSF & fFUnE 3.1 fivn. A Ronaf A4 1 T AR A 2 0.19 T e B4 [ 0.19 Toe ik
P

The selling price of yeast extract, peptone and corn steep liquor were 10 $/Kg, 22 $/Kg and 0.2%$/Kg.
(Zheng Li et al.,, 2010) The exchanging rate from dolor ($) to Chinese Yuan was 6.30. The SSF

conditions were listed in the Fig.3.1.a represents that the yeast extract and peptone required for 1 kg lactic

acid production in the control SSF were 0.19 kg and 0.19 kg, respectively.

3.3 FLER FERE Pediococcus acidilactici DQ2 & T &5 Pediococcus acidilactici TY112
F1 Pediococcus acidilactici ZP26 & B REXT EE

3.3.1 L F£H Pediococcus acidilactici TY112 FI Pediococcus acidilactici ZP26 f1 K&
IR SIS 6T DQ2 I T oK Tl BRI 1) SSF T 20 AT 7 A4k, FFIH T T oK AR
B P A AR AT AT . (B2 DQ2 T 3L A B ATAE — R K- I B LR A 1Y Dy
D. LIR&R, Hoh L-AMMEEN 63.4%, D-FLERM & &N 36.6%. D. LIRAARH
2 BIVF2 R, AR S A RS L-ALRRNE, Aseuiklk D-7LK, dEEA
KPR TR, Fam . EAVIEMEHNE AR, B0, EaERR Bk 2
RUER AV AT RL- SR FLIR B & R REAE T RS2 2B BE AU FLIR, Dy L FLERZE A1
RAMRIEW R TN FRIAELREEY . D L RGP A L BRI 70 &
oy A, BRANE R A A, (R TR R BT, R AE T AR
RN o BRI, AR Sy sl TR T B iR T vk DQ2 #EAT T R dis, mdlfk DQ2
¥ 1dhD k45 TY112 Bbk, T LAEF 45wk 99.88%I1 L-FLIR, kR DQ2 (1 IdhL k43
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ZP26 Bk, I PAAE R4l sk 99.2%01) D-AE .

3.3.2  FLE2 T ERH# Pediococcus acidilactici DQ2 A H: TR 76 & B 7 e b i B K fn
iz

K80 sl 1dhD . IdhL, TY112 o D-FLER A2 2 1 BHWr, ZP26 H L-FLIR 1Y
AR R 7B S TEESE IdhL, 1dhD FRERRAT AR E K s, e AR R SRR R
SRR AR FR S IR 3 R A K 28 . SeIe st SRAniE 3.2 Firw, TY112 F1 DQ2 AR A
K FA Y, 5 TY112 1) OD [EMK T 54 Bk DQ2, DQ2 fj# Kk OD {E 4 5.61,
TY112 [ Kk OD {H79 5.09. KW D-FLIR v i w440 Mo s ik SEPE AT A4 (1) il 77, D-FLIR
RV BRECIR 1 40 L EE )& BN AR AR IRSS 1 AR . ZP26 5 TY112, DQ2 HL#L,
K OD 145 DQ2 #H%4.

—©—0D-TY112
—— OD-ZP26

OD600Nnm
w

O T T T T T T T T T T T T T T T T T T T 1T T T T T R T T T T T T T T T T T T 1T
0 3 6 9 12 15 18 21 24

Time (hr)

B 32 FMAIREAEKHLE

Figure 3.2 The growth curve of Pediococcus acidilactici

FLIR 2 WA 1), 2 5w A IER, FILILEL 7 DQ2. TY112 il ZP26
SRR AE A B 57 5 H (10 798 260 08 Y A LA S FLIR A s o

iR 3.3 P, DQ2. TY112 fEMIHEA L 50g/L 1) Rl 7% 8 b 1 i 4 Bl
FELCFLIR A OB F R BN 2, K 48h AT LASE 4V #E 430/L Hi&IHE, 774 360/L i fa i
2. ZP26 R &N FEE RS DQ2 1 TY112 H KM Y, FURABUERRE T DQ2
TY112, AR TR D-FLERH T-& 4t fueE, FEAR ™ EMA FIIK. &£
B Do L-7LIR Nt G Ak DR PR B JH AR X6 B AR A s 7 v ) LR A TP P A 35 il
Kyla-Nikkila 2% 31 7] 3% PR B 4 £5 K 8 40 3815 P bk D- 3L 8 M 40 W 26 B 6k 2k 1)
Lactobacillus helveticus CNRZ32, —#kfifk IdhD R 27X, 4Ny GRL86, —HkH
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I L-FLIR M UGS 1 22 IR (1oL ) 45142 L3 1dhD (45 FE R, #7449 GRLS9.
GRLSO (1] IdhL &5 HIFE PR (155 — % DUZE 1dhD 33 T I1EFI T ik . BAR L-SLER I S M i
B KBS 4 SR E T 53%. 93%, Wikk D-FLEGIZBGIER Bk bk L-ALr & 5 50
BRI AR o Ferain 2407 K AT B bt Bl T M v M 3175k E R FLIRAT 7 DG301
) L-FLIR I UGN, Pl 24 DSBS N BRI SLAF I, 88 LSRRI A
FETEAR B BB R (0 13 £, 4RI L-FLER AT D-FLIRI0P= e R A0k 18I 25 [l s 40
VRS AR i -SRI AR R, R AR LSRRI AR Rk, R AE
D-AIR, (R KRS D-FLRIF=E. 40075 B Al AR AE & E Tk, FLmAtis
EIBR R P2 B A R P IRRR R A S IR I — 2, PR L 3L R I S RS 138 4 S 2 s
LRI B

50 - Glucose Lactic acid
45 3 —4-DQ2 —A-DQ2
20 3\ R TY112 —=TY112

;5] \ ®-2P26 -=-7P26

N
o
1 L1111 L1111 11

Concentration (g/L)
N
a1

15
10 3

24
Time (hr)
Bl3.3 M-MRS  B:5rE LR K BEXT EE
Fig.3.3 The comparison of lactic acid production in M-MRS medium

3.3.3  FLIER K EREA 7 KOS ML HR A Bl A v v 1 R R e

e DQ2. TY112 I ZP26 £ & piids 7 3 i FLIR K e LhSE i e, B 7t =R
TE B RE TV TR K R I FLIR R I R, BV SR 232D A R B 50 LU ATE 78 =k
BRI LR A o K DAV K ARV — DS BB R R R R &R, B 1 W
HIERE, DEARYE. F4ETREERERUSN, AR T KRS TIRER B R,
Yag o WS AR AR K S AR R I K B, S — 0T, N T RS IR LR,
— PR G IR R A F rp SRR T R R ], R U T R IR 3 S TR %
EPANJTEAT T DQ2. TY112 Fl ZP26 £ T Kt T MV B3 B R R IR e
3.3.3.1 IR
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F34 BEXDQ2, TY112 B ZP26 FLEA % BN
Table 3.4 Effect of temperature on the lactic acid production of DQ2,TY112 and ZP26
DQ2 TY112 ZP26
Temperatur LA yield o LA yield . LA yield .
Productivity Productivity Productivity
° O of oy T imouy T houn
theoretical) g theoretical) g theoretical) g
37 87.48+0.15 0.65+0.01 74.10+1.21 0.65+0.01 87.27+0.04 0.53
40 84.70£0.15 0.96 86.04+0.19 1.00+0.01 86.35+0.41 0.65+0.01
42 85.92+156 1.13+0.02 87.04%1.13 1.20 75.83%+2.31 0.95+0.01
45 79.19+125 0.96+0.02 80.37+0.15 0.91+£0.03 77.83+131 0.97+0.02
48 ND ND ND ND 80.17%£1.75 0.94+0.01
50 22.3940.54 0.31 25.5040.03 0.35 34.01+1.58 0.5040.01

TP R AR 2B K J FLIR R B AR, PRI B 596 ] 25 & 11 KO ik i 7K R R 5
Bl WFR TANENRE ST TY112. DQ2 F1 ZP26 HIALER K. 455U 3.4 Fin, 9\
] LL#L, DQ2 1E 37. 40, 42°C =/ NMREE TSR ZEA KR, H 85% L ti, =T 42°C
i, BEERERT R, SRR FH, 50°C I LSRN 22.39%, F=&2% 7t
J& B, 42°C =ik, A 1.13g/h; TY112 BIFLIRF R A R H 2 2% BTG T B%,
42°C AR KAE, 2054 1.20g/l/h. 87.04%. ZP26 7 37. 40°C HiMEEFMET,
FRAS R N P R ICH B 2 0], 42, 45, 48°C =/MNMRJE FTARE R M R E 2N . =%
[ FLIR K BEAE 50°C IS EH R 32 3 1 #0f] . A m LLAR, ZP26 (=2 7E 37, 40, 42°C =
ANRE TR T DQ2 M TY112. DQ2 J¢ TY112 P15 &N 544 N AL B = % 15
RRBAHY . FIGHE MR DQ2 Fr= FLER A A 63.4%[H) L-FLFR A 36.6%(1) D-7LIZ, itk
AfDAHERT Y L-FLRR T UM 1) B 255 T D-FLR A NG . Rk ZP26 5 DQ2 F1 TY112 1
AR SR T LR R T R 1 22 5 v AR TS D-FLIR M AN IS S L-FLIR i S B v
[ 22 SRR o AE FOKE TV ARE K R AR, mT Bz B b b5 ) semd, A
i R e A N FLBR X — 0 R A N PR 1) 14 25 B, DR L TR ot S P B 5 LR 7 R e A3
BREE, REZM T, ZP26 HIALER ™ AT DQ2 & TY112, AJRER T D-FLERML
A EEBEER T L-FLER i S B B -

3332 [&EMEm

FAEWIL T TY112, DQ2 Al ZP26 7N [A] [8] 7 & R K EHRE /K M 0 FLIR A 9%,
Fbi T ARS8, TY112. DQ2 F1 ZP26 HIFLES K B At LL S AS [B) [ & B K Aot
TY112. DQ2 H1 ZP26 Wy FLIR K I RE RS2 . M TT 1 5% 10%. 15% —M[EH 5 & .
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Glucose Lactic acid
30 —o—TY112-5% —o—TY112-5%
—0— DQ2-5% —o—DQ2-5%
—— ZP26-5% —H— ZP26-5%

25

(/L)
o

=
a1

Concentration

=
o

A
<

Ti m2e4(hr) 36 48

B 3.4 5%FKEFRE KB MFLER K B2
Fig.3.4 The lactic acid production in 5% corncob residues hydrolysate

Kl 3.4 TR =ARETE 5%l & 8 FOK IR KR T LR K, %905 2 1E
100mL #IEH HEAT I, A CaCOz 117 pHo MEIFFRTLUE Y, ZP26 HIFLERA: P~ Fis 55 T
TY112 A1 DQ2, TY112. DQ2 kM 48h W] LIV #E5e I &I 0%, 74 24g/L /2 A HIFLIR, 1M
ZP26 K 1% 48h itA7 39/l Ji At kbR A, HRAT I FLIRIKIE Y 19.760/L, FLIR ™ & HL TY112
I DQ2 K T 18%. Kl 3.5, 3.6 By i& =R 7E 10% S 15%l 7 & FOK IR K
W LR AR, X RN SRIG R AE 3L R AT B, AT RAJCI T pH. AAE] 3.5 HmT
LA, 10%[E S & T, TY112 K EMEFEERE LAR 25 DQ2 ZHlA K, DQ2
R 48h K15 42.3g/L FLEZ, TY112 KE% 48h 3545 40.29/L FLFR . [F] 5%[E & & —Fk¢, ZP26
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Fig.3.10 Effect of temperature on the lactic acid production of DQ2 during SSF of corncob residues
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Fig.3.11 Effect of temperature on the lactic acid production of TY112 during SSF of corncob residues

Concentration (g/L)

60

50

40

O||||||||||||

Glucose Lactic acid

—0—48-ZP26-10% —©—48-ZP26-10%

——45-7ZP26-10% —B-45-ZP26-10%

)

0

24 36 48 60 72

Time (hr)

B 3.12 EEEX ZP26 FIMA T K TALFRE SSF AEF= AR MH-10%
Fig.3.12 Effect of temperature on the lactic acid production of TY112 during SSF of corncob

residues-10%



BEREFITKE WL 31 71

70 7
60 -
. 50
~ )
3
S 40 -
8 ]
& 30 Glucose Lactic acid
g 4
8 ] —@— 48-7ZP26-15% —©—48-7ZP26-15%
20 +
] —— 45-7P26-15% -—HB— 45-7P26-15%
10
0 1 T T T T T T T T T T T T T T T T T T T 1 T T T T 1 T T T T 1
0 12 24 36 48 60 72
Time (hr)

&l 3.13 EEXT ZP26 FIFERKE TAkERE SSF A F=ALBRIMIHM-15%
Fig.3.13 Effect of temperature on the lactic acid production of TY112 during SSF of corncob
residues-15%

3.4.2  ANIFE] [ F 2 s2

i T DQ2 TY112 % ZP26 — bk B SSFIIIR 26k Ja, He& WHHL 1 A R [8] & & 5%
DQ2. TY112%ZP26 =#k B SSFRIsM, 4T 175%. 10%. 15% —/N2&fF FHsesh. s
IREE R K3.14. 3.15. 3.16F /. K314 K, DQ2. TY112. ZP26 =k K 1£5%
] 75 & N R FLER K o P 2 22 7, 5% [E & & T, DQ2 ) i A FALIRIK E 425.51g/L, TY112
B A FLIRIR B N26.140/L,  ZP261) i £ LRI 5 R27.47g/L, B 4 FLERIK FE I 4 i 22
FAIBESE SSFIA R AL 2 2 S B . B35 SLIh 45 SR 1], DQ2ATY1127E10%H
TR TNHIARKIE RS 2R, ZP26HIFLIR KBS THIIE, 10%[EH & &, DQ2M)
A FLBRIKE 949.81g/L,  TY L1205 4 FLBRIK 5 949.81g/L,  ZP26 1 S A ALERIK N
47.62g/L, ZLEREE RS K35 LIRSS RAHRT. 10%[EH &=, ZP26/ IR~ & kDQ2
F TYL12[A1IK T 4%. [F110%l[E & & ISSFLE Al —3, KI3.16/sLih st R W], DQ2FI
TY1127£15% [ & & N AR K F L 2 22 5, ZP26HALIR K EFFH 95 TR, 15%lH]
SET, DQHIHAILIRIKE N57.630/L, TYL12M &I IRIKE H57.63g/L, ZP26
(1) 24 LRI B2 51.690/L, 1550 25 I 55 K 3.6 1) SL I 45 AHTT . 15%I[8 & &, ZP26
SRR & EEDQ2 & TY112f)MK 1 10.3%.



o5 32 T BHREEITKF W%

30

Glucose Lactic acid

Concentration (g/L)
=
62

—e— DQ2-5% —o— DQ2-5%
10
—®— TY112-5% —o—TY112-5%
5 —m- ZP26-5% —5- ZP26-5%
0 1
0 12 24 36 48

Time (hr)

Bl3.14 5%f & & FSSF
Fig.3.14 SSF of corncob residues at the solid loading of 5%

60

o))
o

I
o

Lactic acid
—e— DQ2-10% ——DQ2-10%
—0—-TY112-10% —©—TY112-10%
——- ZP26-10% —=—ZP26-10%

Glucose

Concentration (g/L)
w
(@)

N
o

0 12 24 36 48 60 72
Time (hr)

&l3.15 109%[E&& FSSF
Fig.3.15 SSF of corncob residues at the solid loading of 10%



BEREFITKE WL 5 33 71

—4-DQ2-15%  —A— DQ2-15%
— @ 7P26-15% —o— ZP26-15%

N
o

70 ]
60 -
_. 50
- )
2 ]
S 40 1
s ]
5 30 1 Glucose Lactic acid
e ] —¢—TY112-15% ——TY112-15%
o .
(_) i

10

0 12 24

- 36
Time (hr)
I3.16 15%[HE & & T SSF
Fig.3.16 SSF of corncob residues at the solid loading of 15%

Lac-DQ2

| = SR
; N N7 |-, o
g 30 \ \ | .q_;
20 \ \ 40
\ \
07T \ \ 4 20

E3.17 AFEEETARSERGE
Fig.3.17 The lactic acid production and yield at different solid loading

Y5 1E3.14, 3.15. 3.16HSLIR S5 R HE AR & 2 WA RAR, 458 ME317HR.
DQ2. TY112 1 ZP26 HIKEEAE 5% & & T Z A K, 10%. 15%[EH &5 T, ZP26 )
FLUR K IS5 T TY112 M1 DQ2, 1M 5 & KL K A A K. 5% & & T, DQ2 i
AR S Jy 25.510/L, 3% 91.84%, TY112 ML FLRRIKIE )y 26.14g/L, %N
94.11%, ZP26 i & FLIRIKEE N 27.47g/L, 3% 98.88%. 10%[H & & T, DQ2
KA N 49.81g/L, 79%)y 92.16%, TY112 MIEmAILIRIKE N 49.81g/L, HHEN



o5 34 T BHREEITKF W%
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Figure 3.21 The growth curve of B179
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Figure 3.24 The growth curve in the corncob residues hydrolysate
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