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High-efficiency L-Lactic Acid Production by Rhizopus oryzae Using                     
a Novel One-step Fermentation Strategy 

HU Jia-huan,  ZHANG Gu-han,  FU Yong-qian,  ZHU Ting-ting 

 (Institute of Biomass Resources, Taizhou University, Taizhou, Zhejiang 318000, China) 

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 
(qs) 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 mL1, 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.  
Key words: high-efficiency production; high cell density; L-lactic acid; one-step fermentation strategy; Rhizopus oryzae  
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3  结果与讨论 

3.1 传统发酵与一步法发酵特性分析 
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2 ᴰ ѿ   
Fig.2 Time course of L-lactic acid production using one-step fermentation and conventional fermentation by R. oryzae 

表 1 传统发酵和一步发酵产乳酸参数对比 
Table 1  Comparison of the parameters of L-lactic acid production by R. oryzae using different fermentation processes 

Fermentation 
method 

Stage 
Time 
(h) 

L-Lactic acid production 
(g/L) 

Productivity
[g/(Lh)] 

Acid/sugar conversion 
yield (g/g) 

Biomass 
(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 

 
3.2 传统发酵与一步法发酵的动力学分析 

ҹ ѿ 2 ꜚⱬ ≠̆ ṿ

(qs)ȁ () Ӳ

(qp) ̆ 3. ̆

Ῑ (024 h) 2̆ Ӳ ȁ

ᵌ̆ Ҍ ̆ѿ

ѿ ⱴ ⌠ ṿ̆ ᴰ ᾢ ⱴ

ᵞ. Ӳ (>24 h) 2

Ҍ ̆ᵖ ≢Ҍ ̆ Ӳ

≢̆ № ѿ ᵞԍᴰ

̆D Ҭ Ӳ

ṿ№≢ҹ 1.2 0.84 h1̆ ѿ ṿֽ 0.51

0.29 h1̆ ҹ╠ ѿ . № ѿ̆ Ҍֽ

ԅ֟ ̆ ⱴԅ ᵣ ̆ԋ

Ӳ ֟ ֟ ̆p Ӳ

ᵞ. ῒ̆ ≠ Ҍ . ̆

ѿ Ӳ ‗

֟Ӳ . 

0 12 24 36 48 60 72

0

20

40

60

80

0

1

2

3

4

5

 Glucose
 L-Lactic acid

 

 

(a) Conventional fermentation

Time (h)

B
io

m
as

 (g
/L

)

G
lu

co
se

 c
on

ce
nt

ra
tio

n,
L-

la
ct

ic
 a

ci
d 

pr
od

uc
tio

n 
(g

/L
)

L-lactic acid productionPreculture

 

0 12 24 36 48 60

0

20

40

60

80

100

120

0

1

2

3

4

5

6

 Glucose
 L-Lactic acid

 

 

Time (h)

G
lu

co
se

 c
on

ce
nt

ra
tio

n，
L-

la
ct

ic
 a

ci
d 

pr
od

uc
tio

n 
(g

/L
)

Bi
om

as
 (g

/L
)

(b) One-step fermentation

 

Cell growth L-Lactic acid production

 



378                                                                                        17  

 

 

 

 

 

 

 

 

 

 

 

3 2 Ӳ ꜚⱬ  
Fig.3 Comparison of kinetic parameters of L-lactic acid 

fermentation by R. oryzae using two methods 

3.3 一步发酵法生产乳酸的条件优化 
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4 Ҍ ѿ ֟ L-Ӳ   

Fig.4 Effect of nitrogen source on L-lactic acid production by R. oryzae using one-step fermentation  
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5 ѿ ֟ L-Ӳ ᴰ ҍѿ  
Fig.5 Effect of initial peptone concentration on L-lactic acid production using one-step method and specific rate using two methods  

表 2 不同蛋白胨浓度下的一步发酵结果 

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 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

6 ᵣ ѿ Ӳ ᴰ ҍѿ  
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 

表 3 菌体密度对一步法发酵 24 h 后参数的影响 

Table 3  Effect of cell density on acid production after fermentation 24 h using one-step fermentation  

Cell density (g/L) 
Acid production time 

(h) 
Final biomass 

concentration (g/L) 
L-Lactic acid production 

(g/L) 
Productivity 

[g/(Lh)] 
Acid/sugar conversion 

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 

 
3.4 发酵系统的比较 
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ᴪ֟ ₮. └ ᵣ ҹ ̆

↕ ҩ Ḡ ⱴ . ᵖ ᵣ

Ҍ L-Ӳ ֟ ֟ ᵞ. 

Ӳ ֟ 4.6 g/(Lh)̆ ԍ [14]. 

表 4 米根霉利用葡萄糖发酵合成 L-乳酸的对比 

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  结 论 
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̆ ԅ ȁ∆ ᵣ
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֟ ̆ᵖ֟ ᴰ ᵞ̆

≠ Ҍ .  

(2) ѿ L-Ӳ Ҭ̆ץ ȁ
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֟  

(4) ѿ L-Ӳ Ҭ̆ ѿ
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