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Abstract: L-Lactic acid fermentation by Rhizopus oryzae was investigated using two different fermentation strategies of one-step
fermentation and conventional fermentation. Based on analysis of specific growth rate of cell (), specific consumption rate of glucose
(gs) and specific rate of L-lactic acid, a novel modified one-step strategy was proposed. The results showed that, compared to
conventional fermentation, one-step fermentation reduced the demurrage of the production process and increased the production of lactic
acid. However, the specific rate of L-lactic acid formation was significantly lower than during conventional fermentation. A novel
modified one-step strategy was proposed: final spores concentration 105 mL2, glucose concentration 100 g/L, peptone concentration 3.0
g/L, the fermentation medium was reduced to 50% of the original amount, while retaining the original total biomass within the tank after
24 h culture. Under the conditions, the lactic acid fermentation time greatly shorten in acid production stage, the maximum lactic acid
production, productivity and yield of the lactic acid in acid production stage reached 60 g/L, 4.62 g/(L-h) and 0.8 g/g. The fermentation
time and productivity were 72.9% lower and 288% higher than conventional fermentation [48 h and 1.19 g/(L-h)], respectively, than the
best results of conventional fermentation. Importantly, the specific rate of L-lactic acid and yield did not decrease.
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2.1 B

KM% (Rhizopus oryzae) LA-UN-1 (NRRL 395 %48
BPR), & M2 B A o SRR AT 5T BT R
2.2 SEEGIF

H (3 HT4l), KHPO4, KCI, CaClp, CaCOs 34
TRk ivEEib T, BhE. |EAM. KK, MR
B, T RRE 35 b I 25 R AL 2GR IR A FI et IR
(FA B B RS AL TR S A R A 7).

2.3 LR ES TR

TE IR AR dr R T SE30 B %)), SBA-40C AWk
BRI TERE), 75 L REFRER 5 L KF#GE
(New Brunswick Scientific, USA), BSA224S i, T KF-(%%
Z R A w]), U3000 i R80orH i A (HPLC, 26 [ #izz
A H]).

2.4 EFHFE

R4 R W s 7 B R Fh 1315 7R i (g/L) . Fii %19 20.0,
AWM 2.0, KHPO4 0.2, MgSO4-7H,0 0.2, pH HPA:
REE:FRIE(Q/L): H%FE 80, M 2.0, KH.PO, 0.2,
MgS0O4-7H20 0.25, ZnS04-7H20 0.04, CaCOs3 50.

— DR TR S (g/L): FIEHE 100, ZEIR[HE AR
2.0~4.0, B2EFE 2, Urea 2.0, (NH)2SO4 2.0], KH,PO4 0.2,
MgS04-7H20 0.2, CaCOs 50.

2.5 \EFFHE
2.5.1 KA A 1 B ) 4

BUKR B 3 226380 T PDA kg%, B TE
TR 30°C R 5% 6~7 d, 11 T B FH E HKEE T,
FH B F TG A 845 2090 7 B, R A ek £k
VAL IR N 107 ML, RAFT 4 CukFah £
2.5.2 LG IR KRR

FhiFRE R B 50 mL Fhy B IR AN 250 mL ) HE
FEIE T, 120 °CHn#HCKE 20 min, HUKEE 107 AN/mL 1)
MW 1 mL AN, 7Rk L 150
r/min 3# % 30 C #3555 24 h.

FLRRKME: 7.5 L KBERE, TAEAEFN 50 L, B
10% (@) P T 45 N R B B F B v b AT KRG 9%, TR
T PR IR IR IR 43 A5 I AE 150 L/h, 300 r/min
F130°C, CaCOs A A,

253 — IR KB TR

KHAMRAGR) 7.5 L KIEEGE(E 1), TAEMAFI N 5.0L,
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Fig.1 Schematic diagram of modified 7.5 L fermenter
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Fig.2 Time course of L-lactic acid production using one-step fermentation and conventional fermentation by R. oryzae
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Table 1 Comparison of the parameters of L-lactic acid production by R. oryzae using different fermentation processes

Fermentation Stage Time L-Lactic acid production Productivity Acid/sugar conversion Biomass
method (h) (g/L) [g/(L-h)] yield (g/g) (g/L)
Conventional Proculture 24 2.00 - - 4.35
Production 48 57.00 1.19 0.71 2.18
One-step Cell growth 24 2.00 - - 4.46
Production 36 62.00 1.72 0.76 4.79
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Fig.4 Effect of nitrogen source on L-lactic acid production by R. oryzae using one-step fermentation
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B ARG IR B A 2l 2 S AR L AR B . A
AR RS RAE R E R, AR IR
b A B .
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D JEUR BERAARRR 0, 25%, 33%F1 50%, 152 AN ] (1) B A
(2RI FREE VAL G IE AR, B R 510 H).
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Fig.5 Effect of initial peptone concentration on L-lactic acid production using one-step method and specific rate using two methods
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Table 2 Effect of initial peptone concentration on acid production of one-step fermentation

Peptone concentration (g/L)  Time (h)  L-Lactic acid production (g/L)  Productivity [g/(L-h)]  Acid/sugar conversion yield (g/g) Biomass (g/L)
2.00 36 62 1.72 0.76 4.79
3.00 36 68 1.88 0.76 5.22
4.00 36 64 1.78 0.73 5.28
120 —
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j 9+ <1 r - g L
J 100 o Y 3 60| o 06 [
= ol a 5 I i} i
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= :l 4 3] ©
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Fig.6 Effect of cell density on L-lactic acid production using one-step fermentation
after 24 h by R. oryzae and specific rate using two methods
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Table 3  Effect of cell density on acid production after fermentation 24 h using one-step fermentation

Cell density (g/L) Acid production time Final biomass L-Lactic acid production Productivity Acid/sugar conversion
(h) concentration (g/L) (g/L) [g/(L-h)] yield (g/g)
4.49 36 5.22 68.00 1.88 0.76
5.64 24 6.48 60.00 2.50 0.75
6.75 18 7.63 61.00 3.39 0.80
8.94 13 9.72 60.00 4.62 0.80
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Table 4 Comparison of lactic acid production from glucose by cultures of R. oryzae

Culture method Productivity [g/(L-h)] Yield (g/g) Reference
Solid fermentation 1.40 0.76 [19]
Flocs on support in jar-fermentor 1.70 0.86 [10]
Flocs on support in air-lift bioreactor 1.80 0.87 [13]
Flocs on support in stirred tank bioreactor 4.03 0.90 [2]
Immobilized on PVA-cryogel 4.50 0.94 [14]
Immobilized on cotton cloth(in rotating fibrous bed bioreactor) 2.50 0.90 [20]
Small pellets in bubble column 2.58 0.88 [21]
Small pellets in jar-fermentor 0.70 0.77 [22]

One-step fermentation total process 1.62 0.60 .
. . This work
One-step fermentation production stage 4.62 0.80

4 %
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