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The kinetics of erythromycin fermentation

in an air-lift bioreactor
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Abstract: The kinetics of erythromycin fermentation in an air-lift bioreactor was studied. Accord-

ing to the kinetic equations, feeding strategies,the optimum process control parameters,the ratio

of C/N (carbon/nitrogen) and oxygen uptake rates were obtained. It resulted in a significant im-

provement on the erythromycin fermentation. The total metabolic phase was reduced by 13% and

the production was 10% higher than that by the traditional process.
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Erythromycin fermentation was a process of
fermentation with a high power consumption,large
workforce, few technological parameters control
and little information of parameters variation got
from the process, resulting in a high fermentation
costs. The fermentation process time was more
than 160 hours and with low repeatability. Fur-
ther,feeding process make it more complicated,so
it was difficult to get reliable parameter values
from it. Many ways have been used to improve it. It
is easy to make a protocol but it is very difficult to
execute it'''?), Many processes and engineering pa-
rameters affected biomass during the fermentation
of erythromycin, the precursor,the substrate con-
sumption during the different cell growth phases,
the metabolic phase and the different type of biore-
actor affected the formation of erythromycin®l. It
addresses on the analysis of fermentation kinetics
to reach the optimum control of fermentation pro-

cess according to the kinetics.
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1 Material and Methods

1.1 Material

1. 1.1 Strain Streptomyces erythreus (by Xi'an
pharmaceutical factory).
1.1. 2 Media corn starch,soybean,corn steep,

yeast abstracts, (NH,),SO,,glucose ,CaCO;.
1.2 Methods

1. 2.1 The first class seed cultivation 500 mL
shake flask,for 72 hours at 33C.
1. 2. 2 The second seed cultivation 500 mL

shake flask,for 48 hours at 33C.
1.2.3 The third fermentation Scale;10 L ,made

in Bioengineering Company ,Switzerland.

2 Analysis

-

2.1 The analysis of the substrate consumption of
glucose and the total of N source
It is according to the analysis method of ery-

thromycin fermentation of Xi'an Pharmaceutical
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Factory.
2.2 The analysis of product

the formation of the erythromycin is measured
by the method of erythromycin fermentation of Xi'
an Pharmaceutical Factory.
2.3 The biomass concentration

For the fermentation media containing a lots
of unsolved materials,it is difficult to measure the
biomass accurately, the method adopted is the

packed-cell volume method™?,

3 Results and Kkinetics

3.1 The data source
Fermentation experiments were done in a se-
ries selected protocol. All useful data were got
from the processes with a high final production
concentration.
3.2 Model of kinetics
By the method of Highshide E. [*!,the follow-
ing equation were concluded.
3.2.1
tion (titer)
F@) = 8.54 X 107% 4 18.47 ¢t — 728. 26,
(¢ = 40 ~ 158 h),
3.2.2 The variation of biomass
F(@) = — 15 495.293 ¢/(3 503.158 + ) +
82.787t/(27.183 + ¢) + 3.941 ¢,
(t = 25 ~ 158 h).
3.2.3 The glucose’s consumption
F(@) =0.936 4 4.584 -
exp(— (¢t + 4.561)/25.898),
(¢ = 0~ 45 h).
F(@) =0.936 + 4.584 -
exp (— (z 4 4.561)/25.898),
(t = 45 ~ 80 h).
F@&) = 0.936,
(¢ = 80 ~ 158 h).
3.2.4 The variation of carbohydrate
F() = 0.936 + 4.584 -
exp (— (t — 6.448)/17.812),
(t = 20~ 45 h).
F@) = 2.921 + 8.939 -
‘ exp (— (+ — 6.448)/17.812),

The formation of erythromycin concentra-

(t = 45 ~ BO A).
F@) = 2.921,
(z = 80 ~ 158 A).
3.2.5 The variation of N-substrate consumption
F@) = 37.232 + 45.150 -
exp (— (¢ — 15.173)/5.327,
(t = 20 ~ 45 h).
F(t) = 37.232,
(¢ = 45 ~ 158 h).

4 The conclusion from kinetics

From the above mode of kinetics ,the follow-
ing information could be obtained:

1) When t— oo, the F (¢) value approaches
constant . The analysis of above kinetics shows the
results of metabolic control points as follows. The
glucose concentration should keep 0. 944 ;the total
carbohydrate concentration should be 2. 92 % in
broth; the N (nitrogen) substrate concentration
should be 37. 23 mg/mL in broth during the stage
of erythromycin formation.

According to the equation of kinetics,the glu-
cose concentration should be in the range of 1. 2~
1. 5% during the cell log phase growth (20~ 45
h), the total carbohydrate concentration should
reach 3. 0% around and the N(nitrogen) substrate
concentration should be 70 around C(at least 40
above).

2) It is not a complicated mode of fermenta-
tion but useful to choose the original process con-
trol parameters, get effective control points and
save a lots of time.

3) Under the guide of this mode and feeding
strategy adapted and according to the data from the
process of fermentation,the fermentation cycle de-
creased by 13% and the production formation rate

got a 10% higher than that by traditional process.
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