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Development of Industrial Production of Poly-L-Lactate
from Glucose —Monograph—

Hritromr Onara,'™ Umeyukr Dor,2 Masataka Orsuka,? HisasHr Okuyama,! aAND SANAE OKADA®
(Technology Research Laboratory, Shimadzu Co., 1-8-1 Tsukinowa, Otsu, Shiga 520-2152"; Research
Laboratory, San-ei Sucrochemical Co., 24-5 Kitahama-machi, Chita, Aichi 478-8503% Culture Collection
Center, Faculty of Applied Bioscience, Tokyo University of Agriculture, 1-1-1 Sakuragaoka, Setagaya-ku, Tokyo
156-8502%) Seibutsu-kogaku 79: 142-148, 2001.

A cultivation method called the “Hop-Step-Jump (HS])” method has been successfully estab-
lished. In the cultivation of Lactobacillus caset B12-2, a lactic acid bacterium isolated from a tropical
sample with a high sugar concentration, the HS] method reduced the time during which the maxi-
mum lactic acid concentration is reached from 30 days to nine. In addition, 5 M sodium hydroxide
and ammonia were examined as neutralizers. Tests revealed that the maximum lactic acid con-
centration was reached more quickly with ammonia than with sodium hydroxide. A seed culture
was cultivated by a technique corresponding to HS of the HSJ method and the J cultivation was
neutralized. As a result, it took 25 h to achieve a lactic acid concentration of 150 g//. For indus-
trial-scale fermentation, we used Lactobacillus lactis 332, which produces lactic acid of high optical
purity with inexpensive corn steep liquor as the nitrogen source and performed the cultivation cor-
responding to HS of the HS] method in a 200-/ jar fermentor. The J cultivation was carried out
industrially in a 20-m?® jar fermentor for r-lactic acid fermentation. In this case, it took 70 h to
achieve a lactic acid concentration of 88 g/l. We have developed two approaches to purifying fer-
mented lactic acid: electrodialysis-based enrichment and bipolar membrane-based ion exchange
from ammonium lactate to lactic acid. An aqueous solution of 900 g/ L-lactic acid was obtained at
an optical purity of 95%. For the industrial production of poly-L-lactate, LL-lactide was produced
from pre-polymers of poly-L-lactate through intramolecular transesterification. In the preparation
of the pre-polymers, polycondensation takes place in which the linear mono-, di-, and trimer of
lactic acid are totally refluxed so that the yield of LL-lactide can be improved. The temperature of
the reactor is then raised in three steps to prevent racemization. A melt crystallization method
without a solvent was developed for the purification of LL-lactide. Ring-opening polymerization of
Lr-lactide took place continuously, resulting in the production of high-molecular-weight poly-L-lac-
tate with a weight-average mol. wt. of 200,000.

[Key words: biodegradable plastics, glucose, lactic acid, Lactobacillus casei, Lactobacillus lactis,
poly-L-lactate]
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FARED T 7 AF 7 OREFIIHRANCRIE L 1o -
Tw5. i, AMIEEMEIFEIhS. £ T7
A=Al EOBAERRERYFIAL, BREE T
BT DT ITAF o 7 OBRBVBNETHE. 7 4V H T
byERIVAL A2 AREEEL, ChEREEOR
FHRELTCL-ABYEEL, X5 -ABr bbEs
B o> TERBET 5 AF » 7 CTHBE) 1-AE%
BETHECOFIIEENEAL S L LT5. KBIR
i, ThDETL e EF L, HRcElR TEEL
ADTHH. ENHEET 7 A5, 70K E LT,
BMUEA - BER7 v A, Bl - 90 kI EnEE
THhsb. ChLOHRIE, BUOREMED -FEY
BB E LTHOBMEDO R Y --ABE2»E LT
51U L, RR-ABIEEAELERAZEL
THEAIh T, BRE LI ERMR o &, LifL
WO BB OVCTOMBENGEAE D o, ¥
T, WAV AEEHINBREEOAFRER KL, BlE
B LU TKEDOHEE Y V> o ABEE &N 5 &5 REE
DBt Ibie, AV -HBArABEES: LTITE
HNCE AT 5 AERIBIA D 5 T2,

AEAFEOR#HE L TROBE BT bh 5. HSJ K
B LT D BRE O AR BRI A E T S B R
ML LTzZ b, 2— VAT 4 — 7Y h— BV Eg
TEEH TRV HEME O Ay BEE CEET BA
BEE Lactococcus lactis 332 e DB Lic = &, HBERE OF
FCFER L7 veE=7%BEAETES -
ErBRE LI &, ) -L-ABROFRETHLE VK
HFMEDO -5 7 F VR BVIRRCRET L - LT
HEBRMBEAHE L, #Y) - ABOERES
BrfE Lo L, DEoEfiz—B L XL =2
ATV ERST ETHS.

1. BEHROEBHRE

1.1. Hop-Step-Jump ¥ X D WL B sk C R
RUEWCEREORE b ABE LABE CH 5 Lac-
tobacillus casei B12-2 HMEHIHC BB DAM AL ERE T 5
TERERLY COABES AN ¢/l ¥ CHBR R B
BB CEX L0 HN. BUOERTIL /1 a—
APEE 20, 50, 100, 150 g/l & LEEEZBRIA L1 (Fig.
)., ZAa—ARENR20g/ITE2HUNTEZ Va2 —
ADHBRETR Y, MRDZ LA S LN LD EENE
BToo bdismotc. 7 a— AEEHNS0 g/l ET

50

Lactic acid (g//)
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Fig. 1. Detection of the maximum accumulation of lactic
acid in a broth by Lactobacillus case B12-2. Fermentation
medium: glucose 20 g// (— * —), 50 g/l (—), 100 g/l (-+),
150 g/l (——-), yeast extract 10 g/, peptone 10 g/l, Na
acetate-3H,O 5 g/, MgSO,-HyO 200 mg/l, MnSO,-
4H,0 10mg/l, FeSO,-7H,O 10mg/l, NaCl 10 mg/l,
pH7.0.

BRI 2 AEDES —RIcER L, 30H B TR 40 g/l
e hEIE L. ¥, Fig. 1 DR X b, L. casei B12-
20D 73— ATERRERTH 150/ TH B = &N
oMot SO TCERLLZ &L, Zra—2RE
B2 50 g/1 CIx30 B MO R B0 KIc % B OB
DB LI L ChD. +2C, BEEAKEY ST
TET, RAAMERRCET MY EMCE A0 T
Bl Ez b, FREMIS0g DIV a—AksE
£ GYP Bt (LUF 5GYP E5#h & M6 T) 5 ml ICHEIER
IR B L 2 HREEEE L. COEBRRYELOEL
TEMEFYRE, W LCEED LBkt 5GYP
By Sml ¥ EE AN, ZOBIEX30ARIE - T
QHBICEVIRL, BEBTEC L ) £ EEOARE
YEEL. ¥, ZoOFEBRIIIF 5 BERECREM -
BETRTHEERYT- 1. FOBE, B L
T, 2 AR LRO2 YTV BE & st s o
THECOEIFL 20T G4 B, BERLD S
thic BiE S BT L R L C 5 HRIREEA T & T
A, BEBRE BTN 0 gl OABOERE D -T2 T
DEIIEDERCOBMIr - TCELLELRALTS
5. Tiebhb, ABEIEERPCER CE 2RAAR
BRHAS 7D EBRIIFA30B M5 9 AR ERE S h
7o. MHEW, 2H, 2H, 5 BHEDOSEETITS 20k
VLI, Hop-Step-Jump DXL F % » T HSJ BEE&E
LB e D HS] BB, BRSO OO
NICHBEED, BRI ORBRB A S G 0By
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gmo IERIA, BRI VHRBECEERTV SO TABE O
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§60_ T2 A b OEEH L LT CSL 2 ERBCERT 5
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Fig. 2. Selection of a suitable alkaline for the continuous
neutralizing cultivation of lactic acid bacteria on the J-
cultivation of HSJ cultivation method. GYP broth con-
tained 150 g/l glucose and Lactobacillus caser B12-2 were
used in the experiment. Symbols: O, 5M NaOH; @,
5M NH,OH.

ERLBL»L, BHEhKLAE BEOELLLS
CHABEEIF-> T B o E ORI BRI HETHS.
1.2. EFPIEECLI2ARZELEOREIL HSJ
BEEOMRT, HEES IO S EERHARYIECT
7o ORTBFEDEELMCH b, RED JHEED 5 HRE
BEBEOBEOTE F C—KIABRTERIELHET
BB, LEkhoT, JEENABEROIDDOAREE L
WH T ERSH. £ T, HSJERECRT S JBE
HTAh ) CHAILEALRERET LD, b
SBROABOERVIECTE 5. L casei BI2-2 (IBEEWR
D72 — APEEN 150 g/l ¥ TR TH - %
ZC, HESR L SR SGYP B 750 ml HfFER L,
BEIF 150/l D 7 2 — Ak G T GYP BEHI 750 ml
FRVWAZ LI L. JEETIESM OKELF ) ¥
KK, Fld7 v =7 KWK A FAE & LTHW
TpH7.0OIC2 v br— Ll 7R, ABERERT
AH ) DMEBRNDLER L. ZO/RKE, KEbr ~ Y
T AR E Db T v E =T KERE SRR
B ET HRESE L, B CEER O 7
2 - ARTNUHEE S, BERECIEET 5 150 g/l
DHABDOEREL B - o (Fig. 2).

2. -FERO TRMBELEEDRE

2.1, -IERE Tlc-ABYEETLILDR
L, BB R RCThH 5. — BRI ABRREEDOE
FEEE LTI APXT Vi EMEDLR S A,

HAENRB L. L. ocasei B12-2 3B WHABEREE Y R T
By, HERT S AR OKFMEL0% & A --FRD
FRLE LTIBRTEL DTk T, 22T, &
BE D CSL TR\WHFEME O A x SRECERT
HHAMEE UTC L lactis 332 AW AH Z Lt L. 7ok,
AR OEME (%) 1% 100 (L—D)/(L+D) CTEHEX
5. TZC, L, DREEOHRMTEINS -k
IO b-ABDBETHS. TERTHE LTy 7
N2 —2A, 10g/lCSL, 20 mg/I B~ v » v AT,

Table 1. Components of corn steep liquor.

Component Concentration (/)
Water 513.4¢
Total nitrogen 32.4¢g
Phosphorus 13.9¢g
Potassium 22.4¢g
Iron 68.2 mg
Calcium 194 mg
Copper 4.28 mg
Magnesium 58¢g
Zinc 88.0 mg
Manganese 29.2 mg
Ash 79.3g
Amino nitrogen 10.2¢g
Reducing sugar 22.7¢g
Lactic acid® 113.4¢
Vitamin B, 9.2 mg
Vitamin B, 2.7mg
Vitamin Bg 17 mg
Choline 1.8g
Niacin 71.7 mg
Folic acid 308 g
Pantothenic acid 14.9mg
Biotin 354 ug
Inositol 3.8g
pH 3.79.

* Total amount of b and L-lactic acid.
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FBAFE T, MR HSJB&EEO HE LU SRy
T B EER Y AREE O REHE L 135D 300 1 O REERE CFT
W, JEERICM 1 B AR E Y 20 md OFEREE 1T - 729
FfErhT 25 rpm TR L, 6M 7 v E =7 KT pH5.5
i v b r— L (Fig. 3). BEEILTORRICRT L,
FIBEREL 88 g/l Th - Tz.
2.2. L-FEOBE ARLCHABRRBRERCIIHEED
SNha—A, CSLEHEDOT 3 VB, V VEECHERR: &
DEBERE, HA vy A< R vy Al EOSBENS
FhTwb. ZhbDORMMITA Y -L-H B O HEGT
HHu-77F FORREZEET 50T, BRETHLE
BB B FEROTENL --ALERE SR I BB P I AR
TAHHBY AR CHRAL, A L7 AL LTH
U, BB X > CEMEICH AR E T 5008 — %
HICHotz. B, =87 —nt=25 (b LEET
HZ LI OMELY BT b0y, £ --FEo R
0 . , 06 ELTEbR T, ZOHETERLSEOFHEEH Lo
0 20 40 60 80 ANFET S, £ C, KBR T -ABRRE O R
Cultivation time (h) HELTT ve=T%FE, SR SRETA A A
Fig. 3. Time course of lactic acid fermentation by Lactococcus FHE LI L > TEEYRIHEE, Lk 7 vE=TH

lactis 332. Fermentation medium: glucose 90 g/l, corn

steep liquor 10 g//, MnSO, 20 mg/l. Symbols: ®, lactic BHATES -ABOBEEYR L (Fig. 4). &5
acid; O, glucose; A, cell growth (ODgg).
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Fig. 4. Process for purification of lactic acid.
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=FAF—2 AN BEMEZDRD LI FELD e N
Z) 6 BP C BP C

DEEERER A v X 5 BRENL, KOWR
KA T 3 BRI ORMCERAMLI T 5. L-F,
BoOBMEY TXCBREAS> ETHE, HRig=F1
F—wNBEETSH. 2T, KRR TR -HEBERRER
DEMCESKEN AT S 2 & & L. THOMHME
X o> TRBEKNEMCAFREEE 2 1B THS.
7, -ABREBRFORMGK EORBEREL SR ED
BRI E, EHRK CHE LIRICEREN YT,
X2 v s EOFRBERE L -HBT v E=T AR
7B EOBBEY B L. A LCERI—K
Bioh OEEREN 2.5m2 D7 =4 VRBE L 5+ v
A —%t & LT 315 BB L, B’E SR Om
ELE LB 252V OBEXS L. COTET
RIS 2 5 BEI h S

REEBWRLT v =7 THMIRTWHDT, 1-H,
7 ve=v riEBROBRICA & BT HULELD
B A R—-FEE LI D KGRIA & AR (r
7 & BP-1, @bt 7 v<8) IHhFA HBRELT
=4 VKBRS BEE LSRR, M K- FEDW
BB EEX, BELXFINTSLEA MR- FREDOH F
F VB L T = A VB OBETE CKABROHE S
N5 (Fig. 5). & ORFOMEAHER OB RELIL 0.83V
TH5. Tiebb, ZOENUEOBEXSIINTSE, K
iLHY & OH- @ Ih5. Z0A M RK-FFELhF
FRBR L R CRE L, BEEXFIINT S LT

——0.83V—»

N

-
H,0 /&\\ H,0
Aen A\ Caten |

Bipolar membrane

Fig. 5. Principle of bipolar membrane.

OH @=p-H' OH @==p-H’
x5 lac

NHs' 3 NHs' 3

Ammonium lactate

y

Fermentor

Fig. 6. Ion exchange from ammonium lactate to lactic acid
with bipolar membrane. BP, bipolar membrane; C, ca-
tion exchange membrane; Lac-, lactate anion.

VEZGADTVEZTALF VET e b VL,
7vE=7 HENT BT & AT E D Fig. 6).79 A
H— TR E - e BRBEN O S LT, BRELL
BT, 7= v L o v BRESES LT
5O CEBEOEMIEFIMTIBELESTH L
BTED, BRECOBERITRIGIC X5 7 AT X DF
ENTECEWCOIFIELDS. Fic, 44 vBBEC X
HAEEHE LT, Enb—Emge 7 vh ) hEET
&%, BIEOBEOLENLNEVCIFIERHB. L
L, EBK SIS C2T Mgt I &0 2{lin 5 +
* Y, BEECIKBYDar A FRETLIRS.
Toavf FRALR— FEOKRERELEREDOET
B FIT, ThALDAF VvEHLMTDF V-
Bl ChlRE Ui, (A LcEBi—Wb i b oEEES
2.5m2 DAL R~ FHELE HFF+ vAREREY—% & LT,
60X ST\ 5. BEIhEOmmCEIE LR
IOV OEELXSIM L. Kk, 1kg AT v =
2V ARHBEA A VBT EORCLERBENEL
0.61kwh TH 7. ZOMBEFIIPEDT v E=
7, HiR, 73 VB ENFTERTHADTHFA VR
WSHE & 7 = VAR ChRE L. Z OB
FAYRIE 1% 200 g/l 72 DT, BT X % BHEHETHY 900 g/l i
FTEBELLE. 20X5 L THELRI -HBOSHT
#ER% Table 2 IR T . -0 KFEME LT
949% THhote. SHLEKFEMEY LT 5 diTid
CSL DA% FAOIME Tixle <, BV AFEMED
LA EET AABE Y AX — 2 — L LTHES T LN
Ezbhb.

NI | -El ectronic Library Service



The Society for Bioscience and Bi oengi neering, Japan

20014E H 5%

I —AhbE Y -HEEoLE 147

Table 2. Analysis of purified product.

Run 1 Run 2
Lactic acid (g/D)* 916 914
Reducing sugar (g/l) <0.5 <0.5
Total amino acids (mg//) 7.2 9.2
Optical purity (%) 94.4 95.4

* Total amount of » and L-lactic acid.

3. RY--FEORE

BEEEERT A BAR LA ) —-F B ELE 7 » + A1,
A S -HEE S VA < — R AL, Tk ER
BRI L A0 TR AT AT X » TRIELL, -
HABOBRR-BATHSL -5 7 F FEEAHL, b
COL-7 7 F VeRES L (ESTEORY -F8E
w TEMCEETS V)5 D TH S (Fig. 7).

3.0, u-77F FOEK L-ABOBRRZEHLTH
HL-7 7 F FOERFEE LT, -FBR% B LA
RO A IR, RIGARC X - TS5 Hks
YRS ETHE IR TV 9 LinL, ZOHETIE,
- DD -7 7 F FIREBZAOX T ThHh-7. K
AR T, -AMYEML, IORERTAC LRI -
TERFHHFE 30004000 D7 VE)<—¢ L, h
HRIGER IS Tu-7 75 PR aRTHHEC LD,
OB EDIREAYERTHCE T, ¥, -9 7 F

FAEBGBRBOBC L - Th -ABBII T+ 1 fbd+5 2 &
FRWEL, Chei/MNRIciiz 5 - 0RIEE» =&
Mgl 2R L.

3.2, L-FV/FROFBEHR oXd5cL TR

775 FEbb ARy L OEHEOAR 2 BF, 3
' (T, L BT EEhs. ChbllEAY
BETZD0T, BHTFEORY - AL RET 51
CIIBRETAILELRD L. T, BEREOHY L-H,
Bk Bl 51t op-F 7 F ¥R meso-F 7 F Nk
THLERDSD. -7 7 F F, po-F 7 F FidLiciis
2397.8°C, wwépp-7 7 F FDF & 3B
124.0°C, meso-7 7 F Fi% 52.0°C, Lo sk FhFT
HbH. COMROEYFIE LEMENTAZ LRI D
Lis¥BRETHEENTES. TEMK -AR L o-H
Bt HET 5 o LI BIED L CARTREL IRT V5.
Livl, 57F FEBFO I+ (L% CSL f3k D p-F,
FEDIZ & A EDSmeso-T 7 F F it ChEIRD (Fig.
8). B, po-T7 7 F P -7 7 F ¥ LB H TR

L ERIVBREIRLDT, BUOMED -5 75 ¥
ERLZENTEDL. COBCMED 1L-F 7 F Fier
MER LT LRI 5T, BREmED R -L-AE%Y
BUET A ENTES. F2C, BRIEE\ RS
MECTHEE YT, BEEIAR70mm, £ 400cm
DAL T4 KED, 60-90°C TiERLE, 65-95°C T
WoOBRE, 70-100°C TLBFR L5 TRAY 491 7
MTote, a8, BEIhLT 75 Fix, HHBECRE
B OEREGRMEA Y ABOPREER L 705 .19

3.3. w-TIUFFOEEG HECIIKRELCRY-1-
A B PIIERANC b Iy > Te. KRR T w-7
7F FOBBEASC LY, #)--Afr KBl
BETHHERAR Ue. AR, FREAYRNR
Wz 570 —vr i A ) —OBRECHR > THELH IR
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Fig. 7. TFlowchart of poly-L-lactate production from L-lactic
acid.
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Fig. 8. Production of three isomers of lactide from pre-polymer.
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BETHT LI D 300 H/kg AT D BAS L HILAR
JRe LTABRCERTAZ ENFAREL -1, BET
W, KFOREIMT A —» —CHAINTE D 180 /4
HHFLTW5.
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AR S 5 AF , 7 & LCEPN T 3005 t/4E
DEHEEEN S S LELI TR, SHBITETEE
BHEOA LD EFREIXNS. T, AV -ABIEE
CEEETED, KEEEFOEEOMEE LTHT
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BRALE, L%T%, B/ FES 7Yy MLl
BETH D, AMITOT LA FEEOWRE Tl
MEEZ TS,
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