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Fermentation odor and bioprocess scale-up

T. Rezanka, J. Votruba

Abstract During scaleup of Streptomyces avermitilis batch
culture based on similarity of geometry, aeration and
mixing conditions, the production of avermectins was
proportional to the intensity of fermentation odor repre-
sented by geosmin. The active stimulatory role of odor
component on antibiotic production was detected after
addition of volatile compounds separated from the fer-
mentation liquor by steam distillation. -
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Introduction

Fermentation odors follow most cultivations of microor-
ganisms. To be odorous, a component of the fermentation
broth must be in a gaseous or volatile state. In food in-
dustry, hundreds of such compounds are produced in
fermentations [1] and finally affect the flavor of products.
Recently [2], we reported a list of volatile odorous com-
pounds that are pursuing growth and avermectins pro-
duction in a submerse cultivation of Streptomyces
avermitilis. Having applied the common scaleup proce-
dure [3, 4] we tried to determine the aeration and mixing
conditions in fermentors of similar geometry and different
volume to achive the same final production of avermec-
tins. As shown in Fig. 1, the project failed and we have
found that there was an unknown and significant scaleup
parameter which was not taken into account. When we
analyzed backward our experimental data we found a
relatively weak correlation between aeration and produc-
tion rate than could be expected [4]. Based on an idea of
process operators which attributed the strength of “earthy
smell” of fermentation gases to production of avermectins
we went back to our study [2] in order to evaluate the
unknown “dimension” of bioprocess scaleup.

2

Material and methods

Strain and cultivation. The mutant strain Streptomyces
avermitilis C-18 obtained by genetic’ improvement [5] of
ATCC 1267 was used. The inoculum was cultivated for
24 h in a complex medium containing: glucose 0.5%;
soybean meal 1.5% and yeast extract 0.5%; fermentation
flasks were inoculated with 2% of the inoculum (24 h old)
and cultivated for 10 days. For cultivation, the following
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synthetic production medium (%) was used: glucose 3,
(NH),S0,4 0.2, CaCO; 0.5, NaCl 0.2, K,HPO, 0.05,
FeSO, * 7H,0 0.005, MnSO, - 7H,0 0.005, ZnSO,, - 7H,0
0.005, MgSO, * 7H,0 0.01. In 500 ml round bottom flasks,
the cultivation was performed on a rotary shaker (2.8 Hz)
at 28 °C [5]. In mechanical stirred fermenter (1liter Bioflo,
New Brunswick Sci.Co. N.J.,USA, 7 liter MBR BioReactor
A.G, Swiss and 50 liter Bioengineering, Swiss) the culti-
vation was performed at same temperature, aeration rate
0.6 VVM and impeller tip speed 0.5-0.6 m/s. The 50 liter
fermentor was equipped with efficient reflux condenser of
volatile compounds inherent in outlet air. All fermentors
were mixed by two similar six blade Rushton turbines and
the vessels had four baffles.

Analytical methods. Content of total avermectins in a
medium was detected by TLC [5]. Individual avermectins
were determined by a reverse phase HPLC (Perkin Elmer
series 3B Liquid Chromatograph) [6]. The volatile com-
pounds were determined after steam distillation and ex-
traction by capillary GC-MS (Jeol DX 303), as described
previously [2].
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Results and discussion

After analysis of volatile compounds content in frozen
samples of fermentation broth we selected geosmin as a
marker of “earthy odor” [7]. Figure 2 shows the rela-
tionship between geosmin and avermectins concentration
in the cultivations depicted in Fig. 1. As shown in the
figure, most of experimental data obtained in fermentors
can be grouped lower around the curve which differs from
the upper one which represents the flask cultivation. There
is no doubt that flask and fermentors differ in the rate of
air ventilation. Therefore, the concentrations of gaseous
and volatile products of fermentation has to be higher in
shaking flask and lower in fermentors due to higher
stripping rate. In the production phase, the intensity of
“earthy odor” represented by geosmin is proportional to
the product concentration. It confirms the above men-
tioned empirical experience of fermentor operators.
However, we have had to decide whether the content of
geosmin is an attendant byproduct of avermectins for-
mation or if it play an active regulatory role in antibiotic
biosynthesis. In medical practice, there are same evidences
that odors produced by different bacteria could strongly
affect the physiological functions and health of patients [8,
9]. The volatile compounds could act in small concentra-
tion like pheromones [10, 11]. At first, we treated 1 liter of
fermented and filtered broth from 7 liter MBR BioReactor
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Fig. 1. Comparison of avermectins production in cultivation
flasks (squares) and fermentors of different volumes (11t fer-
mentor - triangles bottom down, 7 It fermentor - triangles bot-
tom up and 50 It fermentor - spheres)
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Fig. 2. Relationship between geosmin and avermectins concen-
trations

cultivation by steam distillation to obtain about 100 ml of
water containing all volatile compounds [2]. Secondly, we
filled ten cultivation flasks with 50 ml of synthetic pro-
duction medium and inoculum. Next, we added 10 ml of
steam distillate to five flasks and 10 ml of distilled water to
other five flasks as a control. Afterward, the flasks were
cultivated for 8 days and analyzed for the product. The
control flasks contained 0.98 £ 0.07 and flasks filled with
steam distillate had 1.5 * 0.05 g avermectins/It. The ratio
between avermectins A and B was the same. The stimu-
latory effect of odor component on the production is ap-
parent.

While there is a rich literature on bioreactor scaleup,
the effect of volatile components of fermentation odor
which may be very important has not been extensively
explored. The components of odor spectrum could act in
subtle concentrations like pheromones and thus to control
the physiological response either microorganism itself or
higher organisms, too. Probably, the low molecular odor
compounds could react directly with DNA base sequence
which serves as a receptor [12].

4

Conclusion

The design of efficient reflux condenser of a bioreactor is
of same importance for bioprocess scale-up as optimal
performance of an impeller, air sparger, baffles, geometry
of bioreactor vessel, filters etc.
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