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Isolation, Identification and Fermentation Characterization of
Leuconostoc pseudomesenteroides HL64-1 Producing D-Lactic Acid
with High Optical Purity
HUANG Xiaoping, WANG Tong, LI Peng, LIU Lan

(Institution of Microbiology, Jiangxi Academy of Sciences, Nanchang 330096, China)

Abstract: Isolation and identification of acid-producing bacteria from environmental samples is still one of important and
effective approaches to obtain strains producing lactic acid with high optical purity. In this study, an isolate strain named
HL64-1, producing D-lactic acid with high optical purity, was isolated from rotten fruit. And HL64-1 was characterized as
Leuconostoc pseudomesenteroides based on morphology, 16S rDNA sequence analysis and sequence similarity Blast
analysis. After fermentation for 24 h, 62.18 g/L D-lactic acid was produced with an optical purity of 99.90%(ee) in basic
fermentation culture. The acid production rate was 2.59 g/(L-h). Scale-up fermentation of L. pseudomesenteroides HL64-1
in 5-L fermenter for 72 h produced 78.74 g/L D-lactic acid by replenishment of carbon sources, and the average acid
production rate was 1.09 g/(L-h). Moreover, L. pseudomesenteroides HL64-1 was found to be capable of using effectively
cheap raw materials, such as agricultural by-products peanut cake meal and cottonseed meal, as alternative nitrogen sources,
leading a reduction of fermentation cost. In addition, L. pseudomesenteroides HL64-1 could metabolize xylose into D-lactic
acid. Co-fermentation of glucose and xylose mixtures showed that glucose significantly enhanced the utilization efficiency
of xylose, making L. pseudomesenteroides HL64-1 to be a promising strain for pure D-lactic acid industrial production.
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D-FLI2 (D-lactic acid, D-LA/E N ZF P
YA R, Tz N AR 2h | BR 2 Ak T A5 40
WU, RE AL 1Y) D-FLERTE SR FLER (polyla-
ctic acid, PLA) #4403k Ho (¥ 1 A& A FH, 48k D-ZL
P 1) e >R i 2RI N7, B RiTAN B & e e D-FL
T2 AT o A A RIS, MELLABIAE PR G2
FLERPRUE, LU RO & g s Bk A i L = i g Ik, &
BORBEASFE S AN 25 ), AN GET T3 M R FL
PR A TP P R 2 A B A A = LR 2R FH A
ZNE . RENE . BERERY AR PO SRR, JROR R IR R
BA— AT R RN R E SR FEAE D
A« AR A B 7 S RIS R AR TR £T 4E R A
IR F A ARG RIHREBAR, IVE R ZLIR R A ™
FORRAREIR U 1O, H AT R ke R AR R P i A
KR EFHE 2 A=W o A e A D-ZLIR A o /b, HL
PRI G BE AR . AR N R AR CELAT A
ARANFE A A CICC21101, PA T K FS AT B ik
U5, D-FLIR = HE Ik 45.23 g/Ls IhSRG-EE0S R FH 2544
FLFFEE YBS1-5, AT KO ME 3 FIAR A A A R A&
Tz 7= D-FLR, Foid ik 111.8 g/L, YG4liE g 98%
DAL 2R 2000 IR AR R — SR, SR FH ZE LT
P CADS i i syt ety sk 7 & B 5=, D-FLIR
FEELIR 118.2 g/L, JG2#4li IR 99.0% LA b, dEad St
N A s TSRS Gt 4l D-ZLR A7 IS T 4%
KHERE, TR s LR MR IR R i 4
R A, A Tl B 22 BRI P00, £t
D-FLER = v A2 AE I RE M FHAWE I B FP AR e, HL™
Y Eali B ALK, T A = et i B A
SUF AN 2L P2 B D-ZLIRA Tl & e i 2o
B TR

F AR FUh A 2 5 O FLIR B AP 5 U, AR B
TEME &5 =R BR BUAR i P 0 128 40 28 BE A FH AR A =
AL D-FLER I AR BB RR, d s — PO i
e G FLIR A P B M T, S5 G R ORI
B A B =2 A A AU, PARRRE R AR, A D-
FLIR A = PR e 0 TR AP PR AR AS Y Rl T2
1 MRS E*®
1.1 MRIEEE

Bz B BB BR T HL64-1 P ARWFIR 2= ATTVE
A4 SCELRUBULLIR el (R g e SRS 43 B 345 350 mL
2.5 LIRE S 4%. 15 cmx30 cm Hll 2.5 L {53548

H A =35 bk 2kt DL-ZLIR S bR v Sy 25
SIGMA A wl; Bk e 85 1 PEPE Ptk T AT BR 2
Al PRPEE A (B Lg%, 10 J7 w/g) ok 25 Ml
HFIBHE AT B2 7 #2500 . AHE . [ERkky . SRR
IR AEG AR T A TR (L) Oy A BRAN F;
FRFRY . BoRIEKY bt B R A H R BR BT
OSHE AEAEPIRY . Bk SR SO on E R
B AT BRZS Hl 5 Ezup #1204 P 3L 20 DNA fili
EFIE AT A TR ) A BRAS 7 Hodth

R R oA sl sl fb a4t

BX43 FHZ AW B iME: 3£ E OLYMPUS 2%
A]; D30 46T fERE EPPENDORF BN Fl;
Arktik Z3jFE PCR {¥  Thermo FEER KRB A
BRZS W5 €2695 H AR TE YL | 2414 7R 2R 7%
2489 L5/ 2S 22 [E Waters 43 F) ; Practum 224-
ICN J3#r K3 fE[E Sartorius 2\ H); H1650-W 15y i
BLHL IR AR DL AR A R A F; ZWY -
2102C [EEREEFRIRG Ay IR IR
BRONF]; SPX-250B-Z A=Akl 3540 i Es A
BROST]; SW-CI-1CU i TAES Nk
HARNTE S L A REHE G2 YHR
HRRAF]

1.2 LWHE

1.2.1 BEFEFEMUHI4 MRS B 38 5L (g/L) : #2408
10, FEREHY 10, I 5, KH,PO, 0.25, K,HPO, 0.25,
MgS0,-7H,0 0.4, MnSO,-5H,0 0.02, FeSO,-7H,0O
0.02, NaCl 0.02, pH6.8.

FEMR AT B B R 3 (g/L) : 7 MRS WA R 3L
JIA CaCoO; 5, Bilis#r 18,

AME IR 53 BB IR A (/L) SR AR A %
W, BIUAKE 10, Hogx Rl =i sy s i dit.

Fh T353R 5L (g/L) - 7E MRS AR I3 Poin A
CaCO; 5.

FLnh B lERE IR IE (g/L) : F A 120, BELRERY S,
HFEHME 5, KH,PO, 0.25, K,HPO, 0.25, MgSO,-7H,0O
0.4, MnSO,-5H,0 0.02, NaCl 0.02, CaCO, 55.

ANEFFH BB A IR & BB 3 5k (g/L) : Hi%hH
0~50, R¥H 10~40, LA 5, B AR 5, KHL,PO, 0.25,
K,HPO, 0.25, MgSO,-7H,0 0.4, MnSO,-5H,0 0.02,
NaCl 0.02, CaCO, 30, BAKRBRIENC Fb: a. f %0 20+
AHE 10, b A 204 20, c A5 HE 20+-A98F 30,
d. A AW 208 40, e A BE 30+AMH 20, £ 4
BE 40+AHKFH 20, g BZGHH S0-+AMF 20,

FIRIRIG A B IR (g/L) - #2590 120, A IFIK
fi# ¥ 100 mL, KH,PO, 0.25, K,HPO, 0.25, MgSO,"
7H,0 0.4, MnSO,-5H,0 0.02, NaCl 0.02, CaCO, 55,

FRIK AR #8 J77155%: 43 5FREL a. B4 5.0 g+
FEEEY 5.0 g, b.BEEERY 5.0 g+fEAEUEES 5.0 g, c IR
#r 5.0 g+E= KK 5.0 g, d.BEERERS 5.0 g+ IR S 0EM
5.0 g, e AEAEBERY 10.0 g, LIRS BEEY 10.0 g, g. E2kK
Ay 10.0 g, 43-H A H,O 100 mL, F 1 mol/L HCI
VAT pH = 3.0+0.2, ITABRMEZE FEF 0.10 g, B 50 C
IKE KSR 22 h, IKFREZE S 1 mol/L NaOH & 75
pH = 6.6£0.2,

1.2.2 B Saifh B 1.0 g FESIMAZ SmL
B MRS HAREG I, B 37 C IREFEHTIE 48 h,
ERIREE . iR s A AP cm TCHF
IMLA, B 0.1 mL PR 78R BEAG B, WA T LA,
T 37 °C REFH B IEIE 48 h Ja BEATUEL, Phsea s
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FAEE , 5 el D-FURRAE P AR A ] SR R B HL64-1 A9/ B 2 8 B HL R IR - 135 -

HH Pl ) R Vs b TRl g slifh, i salifh 3 K5, efh
F MRS gl B33k, FRE G4 T IRA B 3% 48~
72 h, B 4 °C VKA -
1.2.3  FRIR A BRI gl D-ZLAR A r= ik
ST LA B 14 72 iR PRI AA B 3 R R BEATT 25 T 20 i D't
2l D-FLIRAE T AR . B OR AR 19 R T B AR S350
2 mL A EEER /R BEL, AR WA AT 30 mL #
FIEFEMWA = FOH, TR 350 mL RS 4
FUREFRAS, 5 [EEERE R, F 37 °C. 150 r/min
RELEFE 15 he BFhFHFE 7.5%(viv) BIREFRh R FD
% 100 mL & B T, FEIR & BRIR A 3507 X EFF T
W, T 37 °C. 180 r/min R 153 48 h, BUEESrHr L
PR F= e M OGEF Al R, i D ABURLIR A r= B AR IR TR
Pl e FiE—2 R R
1.2.4 D-FLRA T~ RARISEE
1.2.4.1 JEZZMEE RN TR/ e 5537
Hirp 37 °C . JREFESE 48 h 5, WIS YK T2, G0t
BEFTHE 22 QYL (D, T BX43 fH2E4:4) Wiss 100x<7h
B SR REARTE 2 o
1.2.4.2 &R 16S rDNA PP W5 RG]
EERBUFINEE R DNA, $RBCGE RS2 AN AL N 41
DNA #HBGRFIE AT . LAIEMS (4 7F(5°-CAGA
GTTTGATCCTGGCT-3)FIZIA5 [ 1540R(5°-AGG
AGGTGATCCAGCCGCA-3)¥ 1 16S rDNA. PCR
S 5AF: 94 °C FASTE 4 min, 94 °C A8PE 45 5,55 C
iRk 45 s, 72 °C ZEf4 1 min, 30 MG 72 °C K
FEfH 10 min, PCR F=¥ &G AL vk, TEAE T
Ay TR (i) ey A BR 2 W1 58 B 5 I 4= 3L R 3
5T o

40 U A B A4 A0 43T R TR 3R A 16S
rDNA J¥ % £ NCBI # g 20 4% % 1 147 BLAST %
RIS, 4558k MEGAS.0 #1941 (Neighbor-
Joining tree) AT R G BT EE, 71 H Bootstrap X i
AR AT 1000 YR ATAE 53T -
1.2.5 BEHRAEFREVISE
1.2.5.1 ARKMZMaE R REN AR 5% (v/v)
AP EEEFP T MRS 35329 1, T 37 °C. 150 r/min
PREREFE 24 h, £:BE 2 h BURE, A0 66T & ik
K 600 nm 4bAY OD {H.
1.2.5.2 BMRAERKEGS pH ME O MRS B3R
W4k pH F 1 mol/L HC1 8% 1 mol/L NaOH 4351y
42,45, 48,51, 54,57, 60, 63, 6.7, 7.0,
7.3 F1 7.6, KP4 FH, B O 15 5240 19 75 D0 PR AR 3
5% (v/v) B RS- T 3R MRS B 32w, F
37 °C. 150 r/min PREIEFE 15 h, GG E
WK 600 nm 4b[¥) OD fH.
1.2.5.3 BMRAERK R RHERIEEENE RN
RFE 5% (viv) BEF R MRS 8538, 598
T+ 25.27.29,31,.33,35,.37.39.41,43 Fl1 45 C,

150 r/min JRAEFFE 15 h, JH 66 2 B
600 nm b1 OD 1B . 4 iRk E FHE 1.2.3 iFEIR
KBEITIRT 180 r/min PRAEGFE 24 h, BURRIN & & 18
b R Wi T =
1.2.5.4  ABHER A IR FNAS 6] SR T8 A Bz - iR ik
5% A B 2 mL A BEER KPR, SR e
AL 30 mL FFHEER =S, BT 37 °C.
150 r/min JREEETFE 15 h, & 7.5%(v/v) R &5y
RN TAS R B (AR SR SRR R = T,
VAR AS R SR R R RS SR W T, ARl . Z00R
ZH N M IR A5 7 (1.2.1), T 39 °C. 180 r/min
PRE WL 7% 48 h, KIS RS BREN B3R . &
1R . ARV AP & &, DLROG#aliE
1.2.5.5 S L RFEREDA LI B E b nd 7= o i
2 6% (v/v) R R & 3.0 L ApFI53Em ., 3
A 99% FITCH N,, i< &t 0.05 vvm, T 37 °C. 150 1/
min JRESEFE 10 h, DL 7.5%(v/v) B3R 420 = 5
ZEIFEI AR EE SN 120 g/L 19 3.0 L A BRI IR, il
A 99% MITCEE N,, F 39 °C. 200 r/min JRER5FE 72 h,
JH 30%~33% IICE CaCO, ¥ W5l & I pH 1E
5.5~6.8 Z[a], £ 12 h BUFEIN & ZLIE . #8204 5 5
1.2.6 KAk
1.2.6.1 FLER. LA EME S HINE RAKXREMN
TS BORAE TR X T ) FLBR . LR A4 A e e
F70 P &R BEEE T 10000 r/min 5.0 10 min; B |-
TE, FRE, FH 0.22 um REEKPEIET E, 2 H. (O
JiE &5 E: R ZERIES, 234 TOSOH Tskgel OApak-
P+OApak-A (300 mmx7.8 mm, 5 um); #:¥#: 30 °C; ¥k
EEE: 10 pL; Fii%: 1.0 mL/min; #i3h4H: 0.75 mmol/L
H,SO,; MRPRFRUERS IE RT3 R T LR . 418
R A & B
1.2.6.2 FLERCE4liBEME RN R A& R0 rH
FEL I T CER Sl A AT R, R R T ELIR &
MREZR 0.1% ZoA47, RS RURAE O3S GHETT 53 HT -
Ok 25 F: ZEAMGIIRS, 1< 265 nm, (A% +E SUMI-
CHIRAL OA-5000(4.6¢0x150 mm); #4540 °C; it
Pt 5 pl; Wi : 1.0 mL/min; i3 4H: 1 mmol/L
CuSO,. HIFHIAUA—EITEFLIR L A8k D /&S5
Sp—S

M 22 4 0 _ L
DA 224 (Yoee) S7s. x 100

:;zz x 100

Ko S, S L MR S S D AR I
1.2.6.3 ARBESEME SRS EBAE I HPLC
Sy M (AR E FE ) P91, RID 718 25 37 56 I 2%, (0 33%
£ SHIMADZU-GL Sciences Inertil NH,(300 mmx
7.8 mm, 5 pm), #:95 35 °C, WiE 1.2 mL/min, 730
AH 75% N, HERER 10 pl.

LR 22 40 (Yoee) =
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1.3 BuEshiE 1207
ARG A RE S R AW T AL, SR DIk
Excel 2010 S FECRAL SRR, FREER ik %0 |
4 SPSS 26 M AH XS 86 5445, FIFH MEGA 8.0 th . ML
A HE: (ND R R G 7T AL E . /D“‘
2 HR55Mh 0
2.1 SERFAE D-FEYE RN REE KRS DL If{/iﬁi
201 D-FLRRA =B SrBSTE oy asE) H AR o . ; : .
e, MR [ MBI . AN [+ SR il K2 g 3 1940 T 352+ SR A SEBHE (min)
e FEEORAEHDCATVLPT A 2 SCEXUBULBEDE, JULIT p g ik HL64-1 il HB49-2 KRS DL-FLE bR
A R S, 13 B P A M, S £ 2 B el i

AT B RS A AR kb, AR T L RS LI JRRR | 7
AR S SRAEFE S AT AN [F) Sl 4 JEg s SR S | R
AH Pl 458 | SRART F B SRS R A5 IR SR K A, K LB
T FEERSEA YU, tRGE A FLR A A
FERAEN 100 22053 K il 38 3o ™ R - LT 356 ™ iR TR
Prise e aE RIS I BRI T s alifh, 2k
FRA 66 PRF=MRFEAR, 1 il 7 A& Bt r=FLIR ae 1 F
SRl B WIE ST, 3RAS 2 AR EDGaR 4l D-FL
1% B Ak (HB49-2 Fll HL64-1), 2 Bk F= 5 a4 4l i L-
FLRRFERE (HA7-5 1 HI57), HoG2A4lEE )k 99.80%
(ee)Vd s 534ME 55 #RAr™ DL-ZLER R, He 7 £k
FERR B I K T P R BB B LR . 3% 1 =l
2A 2l B LR T AR RIS 4315 7 DL-ZLIR IR AR ] T 45
SR, Bikk HL64-1 A1 HB49-2 A& GaaiE D-FLRA:
7, KRIPE 48 h FLIR ™ h 43 5ik5] 60.39 Fi1 42.85 g/L,
D-FLEE Y6244l 5351 A 99.90% (ee) Fll 100%(ee),
%l 1 MR HL64-1 Fl HB49-2 % Wk HP LR B
SRali AR

xR IR R R R AS

Table 1 Preliminary screening results of some lactic acid
producing bacteria
Her Al (Yoee)
Witkas  FLERTE(gL) TSR IR
DIk
BL4-4 93.58 54.42 45.58 kel 4%
HA7-5 48.69 100.00 0.00 BRI 2
HB45-2 96.38 5223 47.77 [[LE S
HB49-2 42.85 0.00 100.00 kel 5 i
HI57 34.13 99.88 0.08 AR AR
HL64-1 60.39 0.10 99.90 Bk el 75 2R
HL66 98.46 73.33 26.67 B SR
HL75-2 77.82 12.66 87.34 Rl 2R
HL87-1 102.11 48.97 51.03 TeHR V5 R
HH103 104.21 49.55 50.45 b -1
HH107-2 92.74 91.74 8.26 A TR
2.1.2 D-FURATRIEAFLEE  XaEiiisn 2 #

FEEDGAF A D-ZLER Mk HB49-2 F1 HL64-1 AYEH
VLS MM SV T T 0L X PR R B9 BA V5 4
TEAN B AN T SR UL 2, Bkk HL64-1 iR 88
TE AAKE Ryt — i i B 7 3k A= K, RIHIZR AT )

Fig.1 Optical purity chromatograms of strain HL64-1 and
HB49-2 fermentation broth and DL-lactic acid standard solution

FHARER P~ FREE ST o &l 2 ARk HL64-1 16/ iR 53
ERFRIL | AR IR B R SR R B B R A S
MBS, 5 LR BRI B0 55 SR 3640 L, 7ER SR AR
[RIESFTE] N, BRRR HL64-1 TELAARE A ME—Bir I A 55 57
e PR BB, PR B IR/ B 3 D AR
HB49-2 TE) R B R SR I R OE 8 M AMIIE 2

2 EVE SRR AR SRR

Table 2 Morphological characteristics of colonies and cells

bk HAFE I

mpag-p VD PG, RIDCHEER. o ppom e ppka mpeh

leny  EREVIGREG REEN WU, AR
: P b Wi
b ~ 10x100

, &, t:')“ s : "{“ 5

‘ . !‘.

: 0

2 Wk HL64-1 TEVE FIAN L &
Fig.2 Colony and cell morphology of strain HL64-1

TN 10%100
. ~
¥ o \ =
i W
\/J S

\

T

Bl 3 Gtk HB49-2 i VA AT S
Fig.3 Colony and cell morphology of strain HB49-2
2.1.3 kR HL64-1 1 HB49-2 () 16S rDNA JF51153 T
AT AU E AR HL64-1 Fil HB49-2, % H: 16S
tDNA J7H 53 53647 T 5E . BLASTn FEXJ 455
7N AR HL64-1 5FE Rk Leuconostoc pseudomese-
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FAEE , 5 el D-FURRAE P AR A ] SR R B HL64-1 A9/ B 2 8 B HL R IR

<137 -

nteroides ATCC12291(NR_109004) [FI¥E:"A 100%.
B Bk HB49-2 5 #i =X Bk Lacbacillus delbrueckii
ATCC9649 [A]YE 1N 99.8%, b4k, ] JH MEGA 8.0
A8 B (ND F £ T B AR 19 R 48 &k & #E16 it
(E 4). W HL64-1 J& TR SR BB, @4l
1B 7 5 R BB HL64-1, HB49-2 J& T8 [CFLAT 14,

H AR A RE = FLIR T A AR 22, (H R Z07L
BREA W7 A DL-FLER, 7= a4 ol L-ak D-FZLER M
FLER />, HRTE AR D-FLER Al r= R
A PR RITR R TEIRFUAT R (Lac .delbrueckii) . AN
FWZAFTFEE (Lac. bulgaricus) . BRRFATHE (Lac. cor-
yniformis) F1 22 e FLIR 2F FFF B8 (Bac. laevolacticus)
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Fig.4 Phylogenetic tree of stain HL64-1 and HB49-2 based on its 16S rDNA gene
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K PR R AR ELAT b @ Z2 R PER), S0 5 BT A AR D-FLIR
7E A O 2% gl B 8 B AIG, Tanaka 2567 | F Lac.
delbrueckii IFO3202 KT D-FLIR, &% 36 h, D-
FLIR F o1k 28 g/L, JEEAlEE TR 97.5%. 1#itis
AR AR AT AR i, (XAl B g A
B, 3555 5 2% F1) 45l 60y-5i 28 4 e 5E 45 25 f AT B
JD-063D, D-FLIR /=&t H R AR 61 g/L &=
95 g/L, M FAiEE N 97.8% HEINZE 98.7% . ASHFFEM
F SR PR A5 T AR G244l B 7 T 99.8%(ee) ) D
HIET A AR HL64-1 A HB49-2, il IEAZAHI 16S
rDNA %5, i€ T HL64-1 J& T Leuconostoc pseu-
domesenteroides, Fffk HB49-2 & Lactobacillus delb-
rueckii, TEERFLATBEIVE N EZ M D-FLRRA S~ Wik =
—, EWAMEE O T T REFSE, I E 38 T4
B, PR IR 85 g/L DL PRI, HETE
A UL BBz B B 58 BR B i A 4l D-FLIR i
i, AT RE HL64-1 B r- i w i | D-FLAR G2
2l i A0S, ELREAE LAASBE A ME—BR IR A 15 73
AERTNFE0R, S LAET 4 5 8 RO & A 7= D-ZLIR$e
E NG A S Ve e M SR e BT Pu N B == w1 e
R 1T 2548, b — 204 s AR R TR A
2.2 [E#k HL64-1 KEEMERERIFI SRR

2.2.1 BEEE HL64-1 AR thZ& fppii Xt D-2Lig =
Hsgm  ME S HhalE Y, Rk HL64-1 7£ 6 h /2
A HEARTEERIN, 10~12 h HFAFEAERKIA, 76 16 h
W SGAE IR B S )5, 2 )5 B AR TR A T 4%,
ZE 22 h WOGAE FREIH R o I B AN [R R R ) B A
BEATHEIN R, WEE RIS AU K, D-SLER - I 1
i, B TE 12~16 h BF =& AH2E AN K, i85 60.0 g/L 2
A7, HFPEIAE] 18 h )5, PR I R R, X T e S
FRRTEE AT, M P REBTS PERICE o, PR bk
PEETFR 14~16 h VE N Fad AR I T & T

3.0 4 r 70
—— ODg0 1
55 —=-DLA E—wa - 60
2.0 - ~
g o
= &n
g 15 -
g 3
1.0 - A
0.5 -
0 ———— T 0
0 2 4 6 8 1012 14 16 18 20 22 24
IFR)/Bl (h)
K5 Tk HLo4-1 194 2k AR X D-FLIR
PR
Fig.5 Growth curve of strain HL64-1 and its effect on D-lactic
acid production at different growth period
2.2.2 VREEFN pH X R ARA AN D-FLER = AR

HRRIEAE R 4G pH B9 MRS 535 T 37 °C IR
FHEFEETIRE 15 h eI E WO E, FERI LS pHS.7~7.0
B, B A K BUF, 78 pH6.3 B W GAE fe i, %

PREGE F A pH AR SR 6.0~6.7(E 6) . K 7H
TEAN IR S5 A4 PRI A K SRR & 2 24 h 197712
ZEOL, BEAE R R i, B A BE RN IR e T B 4
Jin, 7€ 37 °C BRI A E R =, 7E 37 °C FRIRE
K 24 h, FLUR - EA B RS, A 62.18 g/L, PR AR
ik 2.59 g/(L-h), #2046 B SR ik B TR A ik B2 2]
TR, SURE T 39 °C B, PEERAE IR L R, X
T BESEAERAR MR S5 T, TR A K208, BE 1%
PEAER, T3 0 A Lt T 3 B — S il 2 4 A PR A P
TES TR =5 1, PRI B R BRIl 37 °C

3.0 4
2.5 = 5.

2.0 - ks

ODg00 1m
_ =
o W
|
bl
~

4
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Fig.6  Effects of different pH on the growth of bacteria
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Fig.7 Effects of different temperatures on the growth of
bacteria and lactic acid production by fermentation

2.2.3 5L EMEREFS IR 5 L HERY R BEHAL:
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d 60 \\\ . 80 3
2 50 1 —— D-LA (MliGlu) 0 2
S 40 — - D-LA (RAMINGlu) =
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Fig.8 Comparative experiment of adding glucose during
fermentation in 5 L fermenter
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W, G5B 8., KW 24 h, D-FLIR & E143ik 62.00 g/
L L b, BEAARi 28 0H O EASFRIS, 7 2.50 g/L DA R ik
B eHAMINAE AN S, D-ZLIR ™ 2 TR, Bl &
BRI RE LS, 7 i R BRI 7, i e T AE R
VLR, X ] BE-5 B A IR Al BB N, AR RE
TREA X, IR AT 72 h, D-FUERT ik 78.74 g/L,
SEIPEEZ R A 1.09 g/(L-h); T ARRMINAE 20 i
XoFRRZH, HOR RIS 24 h, D-ZLIRr &k 62.33 g/L,
SEI PR R R IA 2.58 g/(L-h), D-FLER G4l I 7E
99.80%(ee) A I,
2.2.4 AREIEEXSTF=RRA0R AR A R AR,
7, B FHAS AT w7 i SR R IR G sl 432 A G 2
KPS IR I R RN AR IR . 142 ASER A 1%
B R LAy RE2H (B Ry 5.0 o/L+3E I 5.0 /L),
2#~8# R I 2H , AN [FIAC B 0 AR B8 I RS 77K
fie, IR 5 TR AR . BREURESN, A R R
2H 53 5 Bl R I RE IR B A A, B 55 IR A v A
7.5%(v/v)EERPRAEFT . 100 mL &4 A EIEIRI A
Bk R, T 39 °C | 180 r/min FRIRIRAE K 48 h,
ZEIR LR 3,

ZE IR R IS H R 8y 5.0 g/L+Ae A= UF iy
5.0 g/L FIEEEEHY 5.0 o/ LHARKFRY 5.0 g/L Pl & 5
o BRZH 2200, FRIIAEAE DR AR K A 2K i AT B .
PR & T2 7= FLIR , D-ZLIR = B 1™ PR i 2 A g AIK

FLUE A R AR BELH . SRR+ Rl =
A AE R B A EUR, A HENS 5 Uy b AT LR & 19 A
2, 1 H AT LAA ORI AR @™ s i BE . AR LE ks
UL, S BIRFATEAE DR 10.0 g/L. SR S0 10.0 g/L
FEKIK T 10.0 g/L AE R ME—ZIRET, B A 43
SRR PR A, RIIFEIR A 2 h i IR A
FIT P Er3 N RIS R AR -G A TR BE, X5
WIS G Al B AT S R
2.2.5 AR HL64-1 R AN M 52 -G il ™ iR i go
FLTF PR HL64-1 76 LIARKH ORBES & 10 g/L) 2N
ME— IR MRS 77 B2 i s 35 I B b Re g 2R K 1™
A B, B R FRA R LA 7.5% (v/v) e i
3 iR 22 LU AR AN 2 BEAS R B0 Ll 14 R BEES IR IR
71, F 39 °C.. 180 r/min ¥R L% 48 ho fiRIFEEC
LEARSE R L 4,

SEIRFRAH, AE LIAKE N Ml — B UR BT, Bl AT
BEHE R, FEIRE NS P, WA TH 24 h, D-ZLIR & =
ATk 4.07. 4.74 F1 5.58 g/L, IPEA /D ERI Y
LR F=A, ZBRURE N 2.27~2.92 g/L Z 8], KR
48 h, D-FLIR & HEELAERAT W, LR & F IR IJCHH Wk
R4k, 2 BH BRARTE A RIS AR FH 3 R4 e, 1k
KRR R AN REE— 2 R FHAKE, SR &
BB 5.14, 13.94 Kl 22.64 g/L, D-FLER Y440
Y128 99.80%(ee) A I+ o FEAMZAIHEHE R 20 g/L A,

3 WPk HL64-1 fEAFRIE Y D-FLI ™ DGR

Table 3 D-Lactic acid production and optic purity of strain HL64-1 in different nitrogen sources

P R D-LA(g/L) HAF L (Yoce)
1 FELEHY5.0 g/L+ER FHRS.0 g/L 61.18+2.38° 99.95:+0.02°
2 FELEHYS.0 g/LAHARFF3S5.0 g/L 55.27+1.94° 99.94:+0.03"
3 BELEHS.0 g/LHEA RS0 g/L 57.38+1.06™ 99.94:0.04°
4 BERERYS.0 g/L+ K H35.0 /L 33.45+2.33¢ 99.87+0.11°
5 FEREHES.0 g/ L+l i3 5.0 g/l 40.24+1.82° 99.95+0.01°
6 A 10.0 g/L 31.54+1.45¢ 99.970.02°
7 R YRR 10.0 g/L 20.32+0.87° 99.92+0.05°
8 FAIEH10.0 g/L 14.86+3.33" 99.85+0.09°

T P RSNBAR G B A R/ING 5B 2R Bl ) BT R 5 P25 57 (P<0.05) .

# 4 Tk HL64-1 TEABEFANRIAC HL A S SRR o0 D-FLIR ™ ik ) 520

Table 4 Effects of strain HL64-1 on D-lactic acid production in xylose and composite carbon sources with different proportions

IRAC L
D-LA(g/L) LR (g/L) A (g/L) M (g/L) M2l (Yoee)
HiHIBE (g/L) AH (g/L)
0 10 4.1140.33¢ 2.27+0.42¢ - 5.14£0.52¢ 99.85+0.11°
0 20 4.79+0.248 2.75+0.27*¢ - 13.94+0.14° 99.90+0.07°
0 30 5.58+0.39¢ 2.9240.36% - 22.64+0.31° 99.86+0.05°
20 10 15.13+0.72f 2.14+0.22¢ - 3.77+1.17° 99.95+0.03°
20 20 18.22+0.32° 2.2240.37¢ - 10.56£0.63° 99.91+0.01°
20 30 23.77+£1.16° 2.43+0.18% - 15.47+1.85° 99.84+0.04°
20 40 27.42+0.85 3.92+0.21° 0.15+0.06° 20.77+1.03* 99.94:+0.04°
30 20 21.59+1.34% 3.17£0.57° 0.84+0.29° 10.380.94° 99.94+0.01°
40 20 29.48+1.78" 2.90+0.38" 1.2140.35%® 8.24+1.04¢ 99.91+0.10°
50 20 32.17+0.83 2.88+0.43% 1.57+0.47° 7.05£0.66% 99.95+0.03"

T R RSN R R AR/ ING TR B AT 222 57 (P<0.05), “="Fon ARAait o
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WOINAHEH B, D-FLER =R W 3hn, B &2 mmh
AR B B A 19 B 1 A A i — R I B (2
TR, SRR AR LA R T AR 7
[Fl—ABEU 2, B4R o f 2 B 5 22 50 g/L 1,
D-FLI 7 12 S Bl 45 A B e BE B i A e s, &
B T ACKESR B8 R AT T R B, IR T I RE A
AR BRI ANEI TN o LAAKE AR & s 2
FEE—rE BRI 208, Hok i RHERTE 2.0~4.0 g/L
Z 8], T A 2R A B IR R TR P RN )
FEI R < 1.0 g/L, X ] e SR A HANEI 5%
A, Teib— I TIRASY . H A A 4 A
AbEA = D-FLERAIHRAE, TR DL 7 A5 AH 22 2R A
JHABEA 7 D-ZLIRHOHRIE . £5eH) D-FLER2E 7= T
2R VATERS BT ORI TR A 7, XAV FE
TAREEUR, i HAARLER I A A R S AN R . TR
T Hrwé? FKIEEE LR 4E RIS A
RS, (HX e AR A FM S TE R
E’J?E%—E”%H%P“H , EIk HL64-1 BEAA RO A A=
7= D-FLIR, RiE YRR ST ET 4k 2 o A - 3L
PR T I BB AR VA
3 #ig

FI SR AP 5 1= ZLIR A AR BT, 2 T
ST A= m ) ef 4l B D-2LBR A 7= B Fh 95 I B
i, N A SR A AT BFR MR — P Raste . AT
MRS R i e o3 B8 — R EA P E g ali e D-
FLR A= 77 AR HL64-1, H D-FL L 't 2% 4l & 1k 3]
99.80%(ee) LA I, Z& 16S rDNA 52 MUz A Ep ik
B ( Leuconostoc pseudomesenteroides) . 5H & D-
FLER A P BIRRAE L, Hikk HL64-1 BARIEFLER & I
I, (HAE D-FLIR Y G2# 2l B A= Rl 32 - HAT K
FAOTEEE, LI EIHE A e 5 - & [ JEI A 24 h, 7= 1R
BEEIA 2.59 g/(L-h), FE K B F2 b i # Mk AT i —
BRI HE R 78.74 g/L. MAb, iIZ R BER
RN HANE, Ry IF K R A 53 £ 4 2 9% U5 & e
7= D-FLERPE AL T BRI . a2 &R AR AR
B A BRI APV AR, A AT
AR BN i B PR A, 1 T R BT DSAS .

© The Author(s) 2024. This is an Open Access article
distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by-nc-nd/4.0/).
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