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聚类分析在黄霉素发酵过程中的应用 
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摘  要: 【目的】将聚类分析的方法应用于黄霉素摇瓶发酵条件的优化过程中。【方法】

通过系统聚类算法、K 均值聚类算法和模糊 C 均值聚类算法对不同批次黄霉素发酵的摇

瓶数据的聚类分析进行比较, 发现模糊 C 均值聚类算法优于其他聚类算法, 确定了以模

糊 C 均值聚类算法对黄霉素摇瓶发酵数据进行聚类分析。【结果】然后利用模糊 C 均值聚

类算法选取优质组样本 , 并利用优质样本优化了黄霉素摇瓶发酵的控制参数分布范围。

【结论】这充分证明了聚类分析在发酵过程的优化过程中有良好的实用性。 
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Abstract: [Objective] The cluster analysis was applied to the optimization of the Flavomycin 

flask fermentation. [Methods] The data of Flavomycin flask fermentation from different 

batches was clustered by using system cluster, K-means cluster and fuzzy C-means cluster. 
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The result showed that fuzzy C-means cluster was better than the other two. [Results] Then the 

classes were separated and the excellent samples were distilled, moreover, the range of control 

parameter of Flavomycin flask fermentation was optimized. [Conclusion] The experiment re-

sults indicated that cluster analysis was effective in the optimization of fermentation process. 
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1  材料与方法 

1.1  材料 

1.1.1  菌 种 和 仪 器 : : 

(Streptomyces bambergiensis), ZM4  

: : HZQ-Y, 

; : R-124, 

Buchi ; : B-480, Buchi ; 

: TDL-40B, ; 

: LC-2010A HT, Shimadzu  

1.1.2  培养基: (g/L): 3.0, 

30.0, 40.0, 3.0, 

3.0, 1.0, 1×10
5
 Pa 30 min   

(g/L): 8.0, 

30.0, 30.0, 35.0−60.0, 

3.0, 0.1, 0.4, 4.0, 

1×10
5
 Pa 30 min  

1.2  方法 

1.2.1 培养条件: : 100 mL

500 mL , 8

, , 

200 r/min, 37 °C 48 h  

: 100 mL 500 mL

, 8 , 

10% , 

200 r/min, 37 °C 168 h  

1.2.2  分析方法: 

: (YMC- 

Pack ODS-A, S-5 μm, 12 nm, 250 mm×4.6 mm

); 0.2% ( 10%
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pH 4.9)- (55:45, V/V)

, 0.5 mL/min, 258 nm  

: 10 mL (

a) 5 000 r/min 10 min , , 

( b), 

 

: = 100%
a b

a


  

: 

 

: 

 

: (1) 

( m, 5 g , 

3 ) 50 mL ; (2) 

10 mL 25% 5 mL 25 mL

, 200 r/min 10 min, 

5 000 r/min 10 min; (3) 

250 mL M; (4) 

, 15 mL 5 mL

(5) 10 min, 10 min

(6) 80 °C

( 1×10
5
 Pa), 

, (7) 

100 °C 20 min, 

(8) N  

: = 100%
N M

m


  

1.2.3  数据处理软件: Matlab7.0

 

2  聚类 

2.1  系统聚类  

: N
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, 

1N  , 

, N
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2.2  K 均值聚类  

K : n

k ; , 

( ), 

(

); (

); 

[15]
 

2.3  模糊 C 均值聚类  

C : 

ij[ ]U u , 0U ; 

, (1)

( )
j[ ]kC c ; (2) ( )kU , 

( 1)kU  , ( 1) ( )k kU U    , , 

, 
[16]
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3  结果与分析 

132

3 , 

4 000 mg/L , 

3 000 mg/L , 

3 000−4 000 mg/L , 
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3.1  利用系统聚类算法对数据进行分析  

, 

, 

, 

6

 

 
表 1  不同系统聚类方法比较 

Table 1  The comparison of different system cluster 

 

Algorithm 

 

 

Sample 

number 

 

 

The number of 

excellent sam-

ples 

 

 

The percentage  

of excellent 

samples (%) 

 

 

The number of 

normal sam-

ples 

 

 

The percentage 

of normal  

samples (%) 

 

The num-

ber of bad  

samples 

 

 

The percentage of 

bad samples (%) 

 

Single me-

thod 

 

No.1 
2 0  0.0 1 50.0 1 50.0 

 

No.2 
128 46 35.9 58 45.3 24 18.8 

 

No.3 
2 0  0.0 1 50.0 1 50.0 

 

Complete 

method 

 

No.1 
17 0  0.0 15 88.2 2 11.8 

 

No.2 
104 45 43.3 41 39.4 18 17.3 

 

No.3 
11 1  9.1 4 36.4 6 54.5 

 

Average 

method 

 

No.1 
2 0  0.0 1 50.0 1 50.0 

 

No.2 
71 20 28.2 46 64.8 5  7.0 

 

No.3 
59 26 44.1 13 22.0 20 33.9 

 

Weighted 

method 

 

No.1 
11 1  9.1 4 36.4 6 54.5 

 

No.2 
70 41 58.6 15 21.4 14 20.0 

 

No.3 
51 4  7.8 41 80.4 6 11.8 

 

Centroid 

method 

 

No.1 
48 25 52.1 9 18.8 14 29.2 

 

No.2 
11 1  9.1 4 36.4 6 54.5 

 

No.3 
73 20 27.4 47 64.4 6  8.2 

 

Ward me-

thod 

 

No.1 
11 1  9.1 4 36.4 6 54.5 

 

No.2 
48 25 52.1 9 18.8 14 29.2 

 

No.3 
73 20 27.4 47 64.4 6 8.2 
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1 , 6

, 

: , 

4 000 mg/L

58.6%, 3 782 mg/L; 

, 3 000−4 000 mg/L

80.4%, 

3 452 mg/L; , 

3 000 mg/L

54.5%, 3 026 mg/L  

3.2  利用 K 均值聚类算法对数据进行分析  

K

 

2 , K

, 

, K

 

3.3  利用模糊 C 均值聚类算法对数据进行分析  

C

 

3 , C

, : 

, 4 000 mg/L

78.8%, 

4 157 mg/L; , 

3 000−4 000 mg/L

80.4%, 3 452 mg/L;  

 

表 2  K 均值聚类算法聚类结果 

Table 2  The results of K-means cluster 

 

Algorithm 

 

Sample 

number 

 

 

The number of 

excellent sam-

ples 

 

 

The percentage of 

excellent samples 

(%) 

 

 

The number of 

normal sam-

ples 

 

 

The percentage 

of normal sam-

ples (%) 

 

The 

number of 

bad  

samples 

 

 

The percentage 

of bad samples 

(%) 

K

 

K-means 

 

No.1 
59 26 44.1 13 22.0 20 33.9 

 

No.2 
56 20 35.7 32 57.1 4 7.1 

 

No.3 
17 0 0.0 15 88.2 2 11.8 

         

 

表 3  模糊 C 均值聚类算法聚类结果 

Table 3  The results of fuzzy C-means cluster 

 

Algorithm 

 

Sample 

number 

 

 

The number of 

excellent sam-

ples 

 

 

The percentage of 

excellent samples 

(%) 

 

 

The number of 

normal sam-

ples 

 

 

The percentage of 

normal samples 

(%) 

 

The 

number of 

bad sam-

ples 

 

 

The percentage 

of bad samples 

(%) 

C

 

Fuzzy 

C-means 

 

No.1 
29 1 3.4 8 27.6 20 69.0 

 

No.2 
51 4 7.8 41 80.4 6 11.8 

 

No.3 
52 41 78.8 11 21.2 0 0.0 
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表 4  实验发酵批次的控制参数分布范围 

Table 4  The range of control parameter of Flavomycin flask fermentation 

 

Biomass(%) 
pH 

 

Total sugar (%) 

 

Reducing sugar (%) 

 

Amino nitrogen (mg/L) 

 

Residual oil (%) 

15−30 6.63−7.21 3.14−4.06 0.48−1.26 840−1036 3.42−5.96 

 

表 5  优质组样本的控制参数分布范围 

Table 5  The range of control parameter of the excellent samples 

 

Biomass (%) 
pH 

 

Total sugar (%) 

 

Reducing sugar (%) 

 

Amino nitrogen (mg/L) 

 

Residual oil (%) 

19−30 6.70−7.21 3.36−3.92 0.81−1.26 924−952 3.66−5.61 

 

 

, 3 000 mg/L

69.0%, 

2 822 mg/L  

3.4  优化黄霉素摇瓶发酵条件  

pH 6

, ( 4), 

C

, ( 5)  

4  结论 

( 6 ) K

C

, 

C

132 ; C

, 

, 
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