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Abstract 

 
Batch processes suffer from the defect that at the commencement of each 
batch a sufficient number of cells of the organism must be grown to carry 
out the conversion of the sugar to citric acid. This part of the fermentation 
occupies valuable fermenter time. In order that the continuous process shall 
be economic, high concentrations of sugar must be employed and, in 
addition, this sugar must be substantially utilised necessitating the use of 
several fermenters in series, each exhausting the medium to a lower level. 
This complication tends to nullify the potential advantages of the 
continuous fermentation mode for the citric fermentation.  
Our measurements and results show that the decrease of oxygen level did 
not mean the cessation or slowdown of biomass but the citric acid 
formation slowdown. 
KEY WORDS: bioreactor, oxygen transfer, fermentation (production of 
Citric acid) 
 

INTRODUCTION 
      Fermentation The employment of microorganisms to convert one 
substance into another is a science that is assiduously studied and 
energetically applied. Although the fermentation of fruits to alcohol was 
known to primitive humans, and although the making of various beverages 
out of fruits and grains has been well established for centuries, only during 
the past generation has wider application of this procedure been 
recognised. Now scientists are directing the life processes of yeasts, 
bacteria and molds to the production of chemicals. Alcohol can be viewed 
as having been produced in this way from the earliest times, but the making 
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of acetone and butanol, of acetic acid, lactic acid, citric acid and many 
antibiotics are recent technical accomplishment.  
Many microorganisms have been brought into useful service to 
 human. One of the outstanding developments of World War II was the 
making of penicillin, which stimulated further important discoveries in the 
field of antibiotics. Many fermentation processes are frequently in direct 
competition with strictly chemical syntheses. Alcohol, acetone, butyl 
alcohol, and acetic acid produced by fermentation have largely been 
superseded by their synthetic counterparts. However, antibiotics have 
paced a recent fermentation revival and, with some exceptions, all the 
mayor antibiotics are obtained from fermentation processes. Dextran is 
another fermentation product. The microbiological production of vitamins 
has also become economically important [1,2]. 
 
The five basic prerequisites of a good fermentation process are: 
 1- Rapid fermentation. 
 2- A product that is readily recovered and purified. 
 3- Acceptable yield. 
 4- A microorganism that forms a desired product. 
 5- Economical raw materials for the substrate  
The critical factors of the fermentation are pH, temperature, aeration-
agitation, pure-culture fermentation, and uniformity of yields. The 
microorganisms should be those which flourish under comparatively 
simple and workable modifications of environmental conditions. 
 The yeasts, bacteria, and molds employed in fermentation require 
specific environments and foods to ensure their activities. The 
concentration of the sugar or other food affects the product. The 
temperature most favourable varies (5 to 40°C), and the pH also has great 
influence.  
      Citric acid or 2-hydroxy-1,2,3-propanetricarboxylic acid is isolated 
from lemon. 
In 1880 citric acid had been synthesised from glycerol and since 
 that time a number of syntheses from other raw materials by different 
routes have been published. Subsequently fermentation processes were 
started in England, Belgium, Czechoslovakia and Germany. All the plants 
used the so-called surface process in which A. niger grows on static 
medium held in trays housed in ventilated rooms. At first only media 
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prepared from sucrose and inorganic salts were employed but soon 
processes based on the cheaper beet molasses were introduced. Following 
the Second World War submerged fermentation processes for the 
production of citric acid using A. niger and media based on either purified 
glucose syrups, or beet or cane molasses were developed.  
        For the last 60 years citric acid has been produced by fermentation of 
carbohydrates. At first the surface process utilizing the mould Aspergillus 
niger was used, beet molasses eventually replacing pure sucrose as carbon 
source. Latterly, submerged fermentation of beet or cane molasses or 
glucose syrups by A. niger have been introduced. More recently still, 
attemps were made to replace A. niger by strains of yeasts which exhibit 
higher productivity and less sensitivity to variations in the crude 
carbohydrate media.    
Bioreactor The most common aerobic bioreactors used in commercial 
productive fermentations are of the stirred tank variety and the design of 
these dates from 1940, when they were used for the first modern industrial 
fermentation-that of the antibiotic penicillin. Another possible way to 
improve the process is the use of other bioreactors, than the STR. 
Pneumatically agitated reactors, in which all agitation is due to bubbling 
gas, are a relatively recent invention. Their application in fermentation is 
not widely used. Pneumatically agitated reactors include bubble columns 
with many forms of internals, pulsed bubble columns, airlift with stirrers, 
tubular loop reactors which may be suitable for small volume 
fermentations, and aeration using a downward directed two-fluid nozzle. 
Spouted beds also find applications in aerobic fermentation.  
 

PRODUCTION PROCESSES 
 

Both the older surface process and the more recently developed 
 submerged process are still used. The surface process requires more 
manpower but less energy than the submerged method. Also higher 
concentration of substrate can be employed in the surface method, although 
the submerged fermentation is faster 
1. Surface Process 
Nowadays the raw material used in the surface fermentation is  
almost exclusively beet molasses. Cane molasses has not been used 
successfully in this process. Because molasses contains too high level of 
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trace metals, i.e. zinc, copper, iron and manganese, it is necessary to treat 
the medium with a reagent to remove them. Usually sodium ferrocyanide is 
used. For use the molasses is diluted to a sugar concentration of 14 - 20 % 
w/v and heated to eliminate harmful contaminant microorganisms. The 
ferrocyanide may be added at this point together with supplementary 
nutrients such as phosphate and/or zinc. The medium is then run into trays 
of aluminium. The trays are assembled on racks in fermentation chambers 
[4].  
The medium is inoculated with spores obtained from the selected culture of 
A. niger grown on a solid medium. The chambers are ventilated with 
filtered air [5]. The air serves primarily to control the temperature of the 
fermentation and secondarily to supply oxygen. The spores germinate and 
grow to cover the medium with mycelium. 
The fermentation is complete within 9 - 12 days, after which the 
 mycelium and fermented liquor are separated. The mycelium is washed to 
remove citric acid and the washing are added to the main liquor [4] 
2. Submerged Process 
In the submerged process the fungal mycelium is not permitted  
to float on the surface of the medium but is dispersed throughout the liquid 
phase. 
Advantages of the submerged method include the possible use of many 
different substrates and better control of the fermentation. Substrates usable 
in the submerged process include glucose, sucrose, beet molasses and cane 
molasses. Molasses is a very complex mixture of many components and 
attempts have been made to relate the presence of toxic components to 
fermentation performance.  
The form of growth of the mycelium of A. niger is said greatly  
to influence fermentation performance. On the macroscopic scale many 
authors have claimed that the formation of small dense smooth pellets of 
mycelium is essential for good citric acid yields [6]. Others consider a free 
filamentous types of growth to be preferable. 
If molasses is used as the source of carbohydrate, sufficient nitrogen may 
be already present to enable growth and citric acid production. Additions of 
other salts such as phosphate may however, be necessary. As in the surface 
process, ferrocyanide must be added to lower the trace metal concentration 
in the medium. Medium preparation will be broadly similar to that 
described for the surface process but greater precautions must be taken to 
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ensure its sterility. If the medium is sterilised outside the fermenter, the 
latter must be sterilised separately, e.g. by the use of steam at not less than 
121°C. 
Submerged citric acid fermentations may be initiated by the 
 direct addition of spores of A. niger to the sterilised fermentation medium 
contained within the fermenter. Alternatively, the spores may be introduced 
into a smaller fermenter of perhaps 10% of the volume of the main vessel. 
After a period of growth the vegetative inoculum so produced is transferred 
to the main fermenter. 
Whether a tower fermenter or a stirred fermenter is employed  
will depend on the process in use. A pellet type process is most easily 
carried out in a tower fermenter whereas filamentous mycelium is more 
easily handled in a stirred vessel. The lower viscosity of the pellet broth 
allows easier circulation and oxygen transfer in the tower type vessel.  
Citric acid broth is very corrosive and fermenters and pipe-lines must be 
constructed of a high grade stainless steel [6]. 
Table 1 - Comparison of surface and submerged processes.[3] 
 

COMPARISON SURFACE  PROCESS 
SUBMERSE  
PROCESS 

Productivity * 0,85 - 1,0 Kg/m2/D 
16,5 - 18,0 
Kg/m2/D 

Yield ** 
- fermentation 
- whole plant 

65 - 75 % 
58 - 70 % 

80 - 86 % 
74 - 80 % 
 

Energy Requirements 
- electricity 

- steam 

1 400 – 1 
600 

kWh/To 
15 – 20 
MT/MT 

1 800 - 2 100 
kWh/To 
8 - 9,5  
MT/MT 

Space requirements 
- fermentation section 
- isolation, purification 

section. 

approx. 370 m2/MT/D 
- “ - 

approx. 10 
m2/MT/D 
- “ - 

  

*)Calculated as citric acid monohydrate per surface respectively per 
volume of fermentation liquor. 
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**)Percentage weight/weight citric acid monohydrate per 
 fermentable dissaccharide available in the raw material       
3. Downstream processing 
Downstream process steps in the citric acid recovery. The most  
delicate procedure is the precipitation of the calcium citrate as the purity of 
the precipitate is of utmost importance for the subsequent processing. 
When adding lime milk to a citric acid solution no calcium citrate will be 
precipitated at the beginning. Only after a certain pH value, dependent on 
temperature and citric acid concentration, is reached, the citrate will be 
precipitate suddenly and in an amorphous form. 
It is easy to understand that such a behaviour favours the coprecipitation of 
different impuruties, which cannot completely be removed by washing on 
the filter or even by resuspension of the citrate. So the impurities are 
carried on to the evaporator and have to be removed by activated carbon 
and ion exchange resins. Consequently these must be regenerated in shorter 
cycles, causing a higher demand of chemicals and increased regeneration 
losses. Therefore one must try to achieve a pure calcium citrate and under 
some preconditions it is possible to prevent the citrate from originating in 
the said amorphous form and to yield a more crystallic product. 

 
FERMENTATION CONDITIONS 

 
The most important conditions governing a successful citric acid 
fermentation are probably: 
1. temperature      2. pH     3. Aeration 
1. Temperature 
The fermentation temperature is chosen about 30°C in relation to the yield. 
The big submersion reactors should be equipped with the cooling device 
whilst metabolic heat created in the surface process is led away by the air 
streaming over the trays. [3] 
2. pH 
pH considerations are rather complicated. Because citric acid is 
 being produced all the time during the acid producing phase, the pH will 
drift downwards during batch fermentation whatever the starting value 
unless this is very low. The initial pH used will depend on the substrate. If 
a molaless solution is being employed, higher initial pH values are required 
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because A. niger does not germinate or grow well at low pH in the 
medium. This is due to the presence of acetate in molaless. Where the 
substrate is sucrose or glucose plus inorganic salts an initial pH of 3.5 or 
less can be used.  
3. Aeration 
Provision of oxygen by aeration is a significant problem only in the 
submerged fermentation. 
They found the minimum DOT for citric accumulation was about 25 mbar. 
The rate of citric acid production was shown to increase linearly with the 
DOT of the medium in the range 40 - 150 mbar. Interruptions of air supply 
resulted in a cessation of citric acid production. 

 
REACTOR DISCRIPTION 

Stirred tank reactor (STR) 
As shown at the Fig. 1, the reactor is equipped with: 
- supply unit to control and measure the process as pH, O2 percentage, 
stirred speed in r/min and temperature of the reactor, 
- also the unit supply is connected with printer to print the values of O2 %, 
pH, speed r/min and time, 
- flowmeter to measure the flow rate of air inlet the reactor, 
- inlet air pressure, inlet air temperature, 
- outlet air pressure, outlet air temperature, 
- pH electrode, O2 electrode, stirrer motor, sampling tube 
         - working volume 4L. 

 

Fig. 1 Alternative designs of fermenter for use in citric acid production 

PROCEDUR OF EXPERIMENTS 
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1- Cultivation conditions. Conidia suspensions were obtained from cultures 
grown on slants agar. Spores were counted in Burker cell and 1x10 7 spores 
per litter were incolulated into medium and cultivated in a shaker for 2 
days at 320C. 
 2- Fermentation. Fermentation medium was inoculated with different 
volumes of           vegetative culture  1-2.5 0/0 by volume . Reactor 
temperature was kept at 320C, starting PH values were set to 2.6-2.8, 
dissolved oxygen concentration was kept above 10 0/0 of air saturation. Air 
flowrate was 0.55-3 vvm, stirring rate in STRs was 250-450 rpm  in 
certain stages of fermentation up to 700 rpm . 
3- Experimental conditions in our experiments. Fermentation conditions 
used in our experiment (temperature 32°C, initial pH 2.8, airflow rate range 
0.5 - 1.5 vvm), The stirring of stirred tank reactors ( STR ) was 250-700 
rpm ). 
4- Sample handling. Samples were taken twice a day, filtered. The filtrate 
was centrifuged at 18 000 rpm for 10 minutes, then filtered through a 
micropores filter with 0.45 m pore size. The filtered samples were stored 
in ependorf tubes in refrigerator until the HPLC analysis. The filtration 
cake was washed with excess amount of distilled water, then dried at 80 - 
90 °C to constant weight. 
5- Analytical methods (HPLC) 
 Apparatus. The liquid chromatographic equipment consisted of a 4-
channel on-line degasser, a WellChrom Maxi-Star K-1000 high pressure 
pump, a Knauer variable wavelength monitor, a Knauer differential 
refractometer type 298.00, a Knauer HPLC interface box, and a 
EuroChrom 2000 Integration Package. Column temperature was 
maintained by self-made water jacket with aid of a HAAKE DC5 water 
thermostat. Injection system was a Knauer injection valve equipped with a 
10 l loop. 
 Sugar analysis. The column EuroKat Pb 300 x 8 mm ID was maintained at 
80C, the RI           detector operated at 32C. The mobile phase was 2 
times distilled water at a flow rate of 0.8 ml/min. 
 Organic acids analysis. The column Polyspher OA HY, 300 x 6.5 mm ID 
was maintained at 50C. The variable wavelength monitor operated at 214 
mm.  The mobile phase was 0.01 N sulphuric acid at flow rate 0.8 ml/min. 
Mode of separation. Both the columns are packed with a cation-exchange 
resin in different ionic forms. The EuroKat Pb columns is in Pb2+ form, and 
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Polysper OA HY in H+ form. The primary mechanism for separation is ion 
exclusion and ion exchange, although other types of interactions such steric 
exclusion and partitioning have been observed. 
 Quantities of organic acids and sugars were calculated with a computer 
integrator according to the external standard method. Acid standards were 
malic, citric and gluconic acids, sugar standards were sucrose, glucose and 
fructose. 

RESULTS AND DISCUSSION 
The present study was the influence of oxygen dissolved on the biomass 
and citric acid production in stirred tank bioreactor (STR). The use of 
pneumatically agitated reactors however promises some advantages, e.g. 
lower investment and operational costs. 
In this study six fermentations (exps.) were carried out with volumes 4 
litters .  
As the average fermentation lasted about 210 hours. 
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               Fig. 2 Biomass concentration in STR reactors 
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                    Fig.2a   Biomass concentration in exp.1 
 
 
 
 

 

 

              Fig.2b Biomass concentration in the exp.5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 Fig.3a Citric acid concentration in Exp,1 
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          Fig.3a Citric acid concentration in Exp.1 

      If we compare the experiments from the point of view of biomass 
growth, there are no significant differences but for the citric acid 
production was some differences. The dissolved oxygen concentration fell 
very rapidly like in every other, but a few hours later it rose to the 
saturation value, as if the oxygen consumption rate would have fallen to a 
very low level. It may imply some sort of inhibition of growth. the same 
decrease in oxygen level in other experiments did not mean the cessation or 
slowdown of biomass but citric acid formation slowdown. After the short 
period of low oxygen level, observed in all experiments, the increase of 
stirring and/or flow rate increased the concentration of dissolved oxygen. 
This increase was never to the saturation concentration, indicating a rather 
high oxygen consumption just balanced by the oxygen supply.  
  In the figures. 2a,b show that the biomas better growths in exp.5 than in 
the exp.1,  
but at the same time in the figures.3a,b show the citric acid concntration 
better performs in exp.1 than in exp.5 
 
 

 

 

 

 
 
 
 
 
 
 
 
 
Fig.3b Citric acid concentration in Exp,5 
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CONCLUSSON 
 

Our results have shown the good operation properties and mixing and also 
the dissolved oxygen in the stirred tank reactor (STR). 
 The decrease of oxygen concentration level did not mean the cessation or 
slowdown of biomass but citric acid formation slowdown 
. 
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