
Abstract 
The majority of microbial fermentations are performed in batch or fed-
batch mode, further increasing energy consumption and steps, limiting the 
productivity, conducting high costs. In some cases, these limitations are ba-
sed on the equipment and technologies available [1]. The successful establi-
shment of open production process based on continuous mode will lead to 
reducing the production costs of industrial bio-products like biostimulants 
and biofertilizers. The most of interest products obtained by Bacillus spp are 
produced during the stationary phase and when spores are formed. To solve 
this limitation, a continuous cascade mode in a multi-stage fermentation 
process was applied. Before establishing the continuous mode, the growth 
and biomass yield using sucrose, glycerol, and glucose was characterized by 
testing the optimal carbon source in batch mode with a Bionet’s F0-BABY 
Multibioreactor. The strategy for the continuous fermentation in cascade 
mode was applying in two bioreactors, the chemostat mode in exponential 
phase in the bioreactor 1 and for the sporulation the bioreactor 2 was used 
for a semi-continuous strategy by cycles withdrawing the final broth to a 
storage tank at 4ºC, previously to the addition of preservatives. For the 
chemostat process a range of dilution rates between 0.1-0.6 h-1 was cha-
racterized, and for the semi-continuous cycles at intervals of 8-10 h were 
used. The main objective of this study is to present our current research in 

Media and solutions

Inoculum: NB Medium 8 g·L−1 Nutrient Broth (Difco)

The media composition for the Bioreactor (PM) was 
10 g·L−1   Carbon source, 1.7 g·L−1 KH2PO4, , 4.53 
g·L−1 K2HPO4 ,5.88 g·L−1 (NH4)2SO4, 4.53 g·L−1   

Yeast Extract, 100 g·L−1 Stock 10X Salts Solution. 

The carbon sources were sucrose, glycerol and glucose. 

The 10X Salts Solution was 2.4 g·L−1 MgSO4·7H2O, 
0.04 g·L−1 MnSO4·4H2O, 0.13 g·L−1 FeCl2, 0.14 g·L−1 
ZnCl2, 0.88 g·L−1 CaCl2·6H2O

For the continuous process the Fresh Media used was the 
same initial concentration of the limiting substrate (the 
carbon source), and the 50% for the rest of compounds

Cell propagation

For the preparation of the inoculums for the bioreac-
tor, 1-mL long-term stock vials of Bacillus subtilis spo-
res from the Working Cell Bank were seeded in 100 
mL of Nutrient Broth medium, grown for 12 h in a 
shaker at 36 ºC and 250 rpm. The cell cultures were 
used to seed the 3-L bioreactor with a working volume 
of 2-L according an inoculum relation of 5% v/v (Fig.1)

Bioreactor

Batch mode
Cells from propagation were seeded into a 3-L working volume Bionet’s 
F0-BABY Multibioreactor as shown in Figure 2 (Bionet, Spain) containing 
2 L of the PM media. The main specifications of the bioreactors are shown 
in table 1, and table 2 summarized the culture conditions.

The continuous mode in cascade
From the batch mode, the best carbon source in terms of growth and bio-
mass yield was selected for the continuous mode. To establish the optimal 
condition to implement the chemostat strategy, a profile of dilution rates 
(D) according to maximum specific growth obtained with the carbon sour-
ce selected, was studied to evaluate the optimal D according a minimum 
substrate concentrate at the harvested broth in the outlet stream. For the 
operation of the different streams for inlet/outlet, the Bionet’s Continuous 
Process Module (CPM) was used (Fig. 3)
For the cascade mode with 2 Bioreactors, the Bioreactor 1 was used to pro-
duce biomass in exponential phase continuously, and the Bioreactor 2 was 
used to obtain spores collecting the product at intervals of time to ensure 
the spore formation. 

Fig.5 Optimization of the continuous mode 
using the chemostat strategy at different dilu-
tion rates (D) in the Bioreactor N.1

Table 2. Process Parameters Batch 

Fig.3. Scheme of the set-up for the experiment in multi-stage under continuous cascade mode with B. subtilis

Table 3. Process Parameters Continuous Mode in Cascade 

Fig.2. (A) Main Screen for 
Multibioreactor system 
monitoring with ROSI-
TA®, and (B) online moni-
toring of OD600nm

A B

Table 4. Flow conditions for Continuous Mode in Cascade 

Fig.4. Online monitoring of the bacterial 
growth with an integrated optical sensor in 
the Bionet’s Bioreactor

Fig. 1. Steps for cell propagation 

Table 1. Bionet’s F0-BABY MultiBioreactor configuration

Fig.7 Graphs of the continuous process of the cascade cycles corres-
ponding to the harvested broth as final product in the Bioreactor N.2Productivity calculation

Monod’s equation

Table 6. Comparison of productivities in batch mode and continuous 
mode in cascade for the production of B. subtilis spores with a D of 0,1 h-1

Table 5. Growth characterisation of B. 
subtilis in different carbon sources

Fig.6 Spores formed in the 
Bioreactor N.2 

Conclusions
Continuous bioprocessing is commonly considered as a promising alterna-
tive to batch and fed-batch bioprocessing. Major advantages are often-hi-
gher productivity, the possibility of continuously removing unstable pro-
ducts from the reaction medium, and the increased operational flexibility 
[3]. The majority of continuous processes keep the cultures in exponen-
tial phase, becoming a limitation to establish a continuous process for the 
production of secondary metabolites like the B. subtilis cultures and the 
need to reach spore-forming stage for production condition. In the present 
study, a continuous process in cascade mode has been established success-

Results

Materials & Methods

1. Carbon source characterisation – batch mode

Bionet F0-BABY multibioreac-
tor controlled with ROSITA® sw

1. Carbon source characterisation 
– batch mode

2. Continuous fermentation 
in cascade mode

Time Bleeding Pump ON
2. Continuous fermentation 
in cascade mode
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fully to obtain continuously spores from a B. subtilis culture using a parallel 
system of bioreactors configured with the Bionet’s F0-BABY Multibio-
reactor. The optimal dilution rate (D) using glycerol as limiting substrate 
was adjusted to 0.1 h-1 in the Bioreactor 1 to lower the amount of limiting 
substrate in the bleeding stream and maintaining the culture closer to the 
end of the exponential phase to ensure a shorter time in the Bioreactor 
2 for spore-forming, where semi-continuous process was established with 
an optimal conditions of cycles for 10 hours and pumps actives during 15 
mins at 134 mL/min of flow rate. The productivity reached in continuous 
mode in cascade was 0,06 g/L·h of biomass, obtaining an average of total 

cells of 3,10⁹ Cells/mL with sporulation of 80±10% in the final product. 
The productivity in continuous mode was 10-fold higher than batch mode 
with glycerol, consequently reducing plant dimensions, energy which in-
cludes electricity consumption, cooling water, heating, steam for steriliza-
tion, controlling and pumping operations, and all the labor required for the 
fermentation process. Nevertheless, this is an early stage of our research 
work, that must be optimized to increase the sporulation ratio in the final 
product and will be necessary to perform an analysis of different secondary 
metabolites as products of interest and compare the yield and quality of 
production from a typical batch or fed-batch mode where the mechanis-

ms and times to control the synthesis of these products are well known 
and controlled, like phytohormones, enzymes or lipopeptides. Besides, this 
research opens the possibility to establish the studies to apply the perfu-
sion technology used in other processes to isolate in continuous mode the 
spores from the possible products of interest integrating a filtration unit, 
regarding the regulatory limitations existing for products obtained from B. 
subtilis fermentation.

the development of continuous fermentation processes applying scalable 
and reliable technologies using a Bionet’s F0-BABY Multibioreactor with 
a Continuous Process Module. 

Introduction
The production processes of biostimulants and biofertilizers must be pro-
fitable for the producers, and with competitive and attractive prices for 
the farmer compared to chemical fertilizers. Therefore, is required the 
development and establishment of cost-effective production processes. 
The most of these processes at commercial scale are based on submer-
ged fermentation technology, and the different modes of operation can be 
batch, fed-batch and continuous. In the group of Plant growth-promoting 
rhizobacteria (PGPR), Bacillus spp is one of the major types of rhizobacte-
ria [2] . Herein, a continuous process for the production of Bacillus subti-
lis fermentation in continuous mode has been performed using a Bionet’s 
F0-BABY Multibioreactor with a Continuous Process Module. The first 
stage was the growth characterization at different carbon sources, and the 
second stage was the establishment of a continuous mode in cascade with 
the carbon source selected.
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Control of the
substrate

concentration

Criteria for the  
optimal dilution rate

(D)

μ = D = F/V

F FRESH MEDIA = D · V

S < So

X = Yx/s·(S0-S)

P = Yp/x·μ·X

Element Description

Application Microbial (MB)

Model Bionet F0-BABY MULTIBIOREACTOR 3 Units in Parallell non-jacketed 
glass vessels. Geometry H:D 3:1

Cooling water Cool water supply @ 10ºC  
Min/Max Pressure: 0.4/2 barg. Min water flow: 3L/min

Bioreactor working volume 3 litres

Gas supply 
Advanced Gas module

Air @ 2 bar Flow range 0.2 – 18 slpm

O2 @ 2 bar Flow range 0.1 – 9 slpm

Sparger Ring-sparger (pore Ø 1mm)

Agitation Max speed 1500 rpm

Impeller Rushton type turbines; 2 units. Ratio d/D=0.4

2 Continous Process Module (CPM) With 
two variable speed pumps for Addition / 
Bleeding 

Speed 100 rpm 
Flow rate: 2,8 – 85 ml/min  
Tube bore ID: 1.6-4.8 mm

Speed 200 rpm 
Flow rate: 5,6 –170 ml/min
Tube bore ID: 1.6-4.8 mm

Accesories Condenser at exhaust gas

On–line sensors pH, DO2, and Optical Density

Roughness (in parts in contact with the product) Ra < 0,8

Carbon Source Specific Growth 
Rate μ (h-1)

Yx/s 
(g/g S)

Ks 
(mg/L)

SUCROSE 0,43 0,04 38,69

GLYCEROL 0,77 0,06 1,3

GLUCOSE 0,58 0,05 2,1

PARAMETER BIOREACTOR 1 BIOREACTO2 2 STORAGE TANK

Operation Mode Continous Semi–Continous -

pH Free Free Free

Temp (ºC) 36 36 4-6

DO (%) 5–30% NA NA

AGIT (rpm) 250–500 250 NA

AIR 0,5–2 vvm 0,5 vvm NA

PARAMETER SP VALUE

Working Volume 2L

pH Free

Temp 36

DO (cascade) 30% controlled by  
1. Aeleration rate: 0.5–2 vvm
2. Agitation: 250–1000 rpm

Time (h) 28

PARAMETER z BIOREACTOR 1 BIOREACTOR 2

Operation Mode Continous Semi–Continous

Strategy Chemostat Cycles

F–Feed (mL/min) 3,3–20 120–170

F–Bleed (mL/min) 3,3–20 120–170

Working Volume (L) 2 2

Duration (h) 120–132 Clycles of 8–10 hours.  
Pumps ON for 12–15 mins

Operation mode Biomass Target 
(g) as CDW

Productivi-
ty(g/L·h)

Bioreactor (L) 
Working Volume

Total Time (h) Nº Inoculums Nº Bioreactor 
Preparation

Nº 
Cleanings

Batch
12

0,006 2 440 10 10 10

Continous 0,06 2+2 140 1 2 2𝑃𝑃𝑃𝑃 · 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 					µ ·
𝑌𝑌𝑌𝑌
𝐶𝐶 · 𝑆𝑆𝐶𝐶

𝑃𝑃𝑃𝑃 · 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 = 	
µ𝑚𝑚𝐵𝐵𝑚𝑚 · 𝑌𝑌𝑚𝑚𝑠𝑠 · 𝑆𝑆𝑆𝑆

𝐿𝐿𝐿𝐿 𝑋𝑋
𝑋𝑋𝑆𝑆 + µ𝑚𝑚𝐵𝐵𝑚𝑚 · 𝐵𝐵𝐿𝐿𝐵𝐵𝑡𝑡

µ = 	µ𝑚𝑚𝑚𝑚𝑚𝑚
𝑆𝑆

𝐾𝐾𝐾𝐾 + 𝑆𝑆

Totalized of  
harvested Broth
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