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Introduction
First and foremost important unit operation required for carrying 

out fermentation successfully is media sterilisation [1]. In the fermen-
tation industry the vegetative inoculum was prepared in seed tank and 
then transferred to fermentation tank with sterilised media. Nutrient 
media sterilization is an important process made for maintaining pure 
culture during the fermentation process. Nutrient media can be steril-
ized by 1) heating 2) filtration 3) irradiation 4) sonic vibration and 5) 
exposure to chemical agents. Throughout the fermentation industry, 
heating using steam is widely used as a sterilization method, since it is 
reliable and easy to control [2]. 

Nutrient media sterilisation by autoclaving was primarily used for 
the eradication of indigenous microbes, another important change 
which can occurs on the nutrient media simultaneously due to auto-
claving is change in nutrient composition. Nutrient media widely used 
for the fermentation is complex mixtures of amino acids, vitamins, 
proteins, lipids, carbohydrates, nucleotides, nucleosides and miner-
als. Autoclaving of the fermentation media can lead to change in the 
composition of the nutrients by various mechanisms such as hydroly-
sis, degradation, conjugation and the formation of insoluble salts such 
as magnesium or calcium salts of phosphate. These salts are essential 
for the growth of the microbes and the production of the secondary 
metabolites [3]. During the sterilisation process before fermentation, 
indigenous microbial population were destroyed. At the same time si-
multaneous chemical changes in media can also be expected [4].

Primary Metabolites are found in all plant cells. These include sug-
ars (carbohydrates), fats, oils and proteins, which are involved in the 
fundamental biochemical reactions common to all life. Secondary me-
tabolites are the organic compounds which are produced in biologi-

cal systems. These secondary metabolites would not involve directly in 
growth or reproduction of the organism [5] but they are not formed 
without a reason. 

In an industrial production of penicillin by fermentation, the yield 
is augmented by the addition of a precursor such as phenyl acetic acid 
(PAA) or phenoxyacetic acid [6]. In order to avoid toxic effects, the pre-
cursor must be added repeatedly in small amounts during the fermen-
tation. The penicillin side chain precursors, phenylacetic acid (PAA) 
and phenoxyacetic acid (POAA) are aromatic protonophores which are 
transported across the plasma membrane by free diffusion [7].

Among the secondary metabolites produced, penicillin is the most 
commercial antibiotics over the last 50 years. The total world market 
for β-lactum antibiotics is estimated to be about 15 billion US$. The 
β-lactum antibiotics are now accounted for over 65% of the world an-
tibiotics market [8]. The mode of penicillin fermentation is fed batch. 
The precursor phenoxy acetic acid (POAA) is added to the fermenter 
throughout the process in order to avoid substrate inhibition. For the 
production of optimal antibiotic the fermentation parameters such as 
temperature, pH, dissolved oxygen, carbon dioxide, sugar, precursor, 
ammonia, etc. are closely monitored and controlled by computer pro-
grams [9].
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 After the formulation of industrial fermentation media, it was ster-
ilized for killing the total microorganisms present before the inocula-
tion of the desired culture. Mostly in fermentation industry the steam 
sterilization method is used. Once media was autoclaved at 15 psi pres-
sure for 15 minutes it was extended under streaming steam for continu-
ous three days, which increases the hydrolysis of lactose and maltose 
to the greatest extend which makes maximum utilization of media by 
the microorganisms [10]. In steam sterilization the heating and cooling 
process-control to maintain steady temperature profiles is difficult. To 
avoid the risk of incomplete sterilization the “over kill” heating is fre-
quently employed [11].

Materials and Methods
Culture and chemicals

The culture used in this study was penicillin-G producing Penicil-
lium chrysogenum strain from SPIC pharmaceuticals division, kudika-
du village, Cuddalore, India. The Penicillium chrysogenum spores were 
provided in the ampoules, to which 1mL of sterile water is mixed in 
sterile condition. 0.1 mL of the dilution was plated to LCSB plate (Lac-
tose Corn Steep Broth) and kept for incubation for about 13 to 15 days. 
One mL was taken from this and serial dilution is made up to 10-6. The 
colony selection was based on the following morphological character-
istics 1) Green colour 2) 3-12 mm in diameter 3) Uniform sporulation 
4) Circular slightly enlonged with raised centres and 5) White margin. 

F1 Suspension preparation 

The selected colony was diluted in 2 mL of sterile water, and then 
the suspension was added into a conical flask which contained 100 g of 
rice. It was kept for 13 days incubation at 25º C with 60 to 65% of rela-
tive humidity. To the above suspension, 200 mL of 0.05% Tween 60 was 
added and mixed. Then the strain was collected along with Tween 60 
by rice sediment back. Tween 60 surfactant was used to separate spores 
from rice. The 100 mL of this suspension was taken as the F1.

Viability test

From F1 suspension one mL was taken and made serial dilutions 
till 10-6 in Tween 60 solution. It was plated in a viability count media 
and then incubated at 25ºC for 5 days . Then colony count was made 
for analysing the activity of spores. The F1 suspension showed viability 
count of 1.5 to 2x108 cells/mL was taken for F2 stage. The number of 
colonies present in the viability count plate with less than 1.5x108 cells/
mL was not taken into consideration and that stain was not taken to the 
F2 stage. Because the number of colonies in the viability count media 
plates will reflect the activity of that stain.

Seed and fermentation medium

The seed media used in this work contains cotton seed meal 10 
(g/l); corn steep powder 20 (g/l); sucrose 40 (g/l); ammonium sulphate 
2 (g/l); KH2PO4 0.5 (g/l); CaCO3 5 (g/l); (pH 6.3) and sterilised at 121oC 
for 15 min. The seed media was inoculated after autoclaving at 121oC 
for 15 min with 10 mL of inoculum which contained 9x105 mL of spores 
per mL and the culture was incubated in a rotary shaker at 25o C and 
230 rpm for 54 hours. . Fermentation media contained the following 
nutrient composition: phenoxy acetic acid 10 (g/l); potassium sulphate 
5 (g/l); KH2PO4 1.5 (g/l); ammonium sulphate 12 (g/l); corn steep meal 
27.5 (g/l); lactose 120 (g/l); calcium carbonate 10 (g/l) and corn oil 10 
mL. The media pH was adjusted to 6.5. 

Sterilization

Vertical autoclaves employed for media sterilisation was stainless 
steel and which can withstand pressure up to 22 psi, equipped with 
temperature and pressure display (macro scientific works Pvt Ltd). The 
media flasks are plugged with cotton and covered with aluminium foil 
and sterilised as batches at various time intervals of 25, 30, 35, 40, 45, 50 
and 55 min at constant pressure of 22 psi.

Inoculation and fermentation

Sterilised media (pH 6.5) in 3 batch flasks was inoculated with 3 mL 
of inoculum under laminar air flow and kept in orbital shaking incuba-
tor (REMI Instruments) at 220 rpm for 164 hours. 

Analytical measurements

The samples from all 3 batch flasks were examined at 41st, 82nd, 123rd 
and 164th minutes for finding the level of activity of Penicillin G pro-
duction using RP-HPLC (Shimadzu Corporation). The column used 
in the analysis was C18–Hypersil Octadodecyl Silane ( length 25 cm, 
diameter 0.46 cm). The polar mobile phase was contained potassium 
dihydrogen orthophosphate and 45% of acetonitrile (80:20) at pH 4.6. 
and flow rate was used at 1.4 mL/min. In the case of standard fermen-
tation procedures methanol was used as the secondary mobile phase 
instead of acetonitrile (60:40). The detector used was UV detector. The 
detector was of fixed type and the Light source was a D2 (Deuterium) 
Lamp. 

Results and Discussion
On penicillin fermentation the media will be sterilised at 121oC for 

30 min, but in our study the media was sterilised at 121oC for various 
intervals of time between 25 and 55 minutes and the analysis was done 
at various fermentation time intervals, 41, 82, 123 and 164 minutes, 
respectively. The analysis was included the detection of penicillin G 
production and unutilization of precursor phenoxyaceticacid (POAA) 
in the media. The media sterilised at 121oC for 45 minutes has shown 
the maximum production of penicillin G and utilization of POAA at all 
times (41, 82, 123 and 164 minutes) of analysis. The analysis was carried 
out in HPLC and the elution peak for POAA is obtained around third 
minute and the elution peak for Penicillin G around fifteenth minute.

41st minute analysis

The 5 set of flask undergoing fermentation containing different 
times sterilised media were taken from shaker after 41 minutes and 
analysed the level of penicillin G activity in that and the amount of 
unutilized POAA present in that. The media sterilised for 45 minute 
shown Table 1 activity 9.63% more than the activity at 30 min (Usual 
sterilisation time). After 45 min, prolonged sterilisation up to 55 min 
leads to drop in the activity. The activity shown by 55 min sterilised 
media was only 32.39% compared to the activity 45 min sterilised me-
dia fermentation. The residual precursor POAA content was more in 25 
minute sterilised media, which decreased steadily still 45 minute steril-
ised media. The flasks sterilised above 45 minutes showed an increase in 
POAA accumulation. 45 minute sterilised media showed 98.3 % POAA 
less accumulated while compared with the residual POAA present in 
fermentation at 55 minutes sterilised media Figure 1.

82nd minute analysis

The 5 set of flask undergoing fermentation containing different 
time sterilised media were taken from shaker after 82nd minute and 
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analysed the level for penicillin activity in that and the amount of 
unutilized POAA present in that. The media sterilised for 45 minute 
showed Table 2 activity 14.16% more than the activity at 30 minute 
(Usual sterilisation time). After 45 minute of prolonged sterilisation up 
to 55 minute lead to drop in activity of penicillin G. The activity showed 
by 55 minute sterilised media was only 32.74% when compared to the 
activity 45 minute sterilised Media fermentation. The residual precur-
sor POAA content was more in 25 minute sterilised, which decreased 
steadily till 45 minutes sterilised media. The flasks sterilised more than 
45 minute showed increase in POAA accumulation. 45 minute steril-
ised media showed 87.24% POAA less accumulated while compared 
with the residual POAA present in fermentation 55 minutes sterilised 
media Figure 2.

123rd minute analysis

The 5 set of flask undergoing fermentation containing different 
time sterilised media were taken from shaker after 123rd minutes and 
analysed for the level for penicillin activity in that and the amount of 
unutilized POAA present in that. The media sterilised for 45 minutes 
Table 3 showed activity of 5.332% more than the activity at 30 minute 
(Usual sterilisation time). After 45 minute of prolonged sterilisation up 
to 55 minute lead to drop in activity of penicillin G. The activity showed 
by 55 minute sterilised media was only 24.74% when compared to the 
activity 45 minute sterilised Media fermentation. The residual precur-
sor POAA content was more in 25 minute sterilised, which decreased 
steadily till 45 minute sterilised media. The flasks sterilised more than 

45 minute showed increase in POAA accumulation. 45 minute steril-
ised media showed 97.89% POAA. Less accumulated while compared 
with the residual POAA present in fermentation 55 minutes sterilised 
media Figure 3.

164th minute analysis

The 5 set of flask undergoing fermentation containing different 
time sterilised media were taken from shaker after 164th minutes and 
analysed the level for penicillin activity in that and the amount of un-
utilized POAA present in that. The media sterilised for 45 minute Table 
4 showed activity of 8.315% which was more than the activity at 30 min-
ute (Usual sterilisation time). After 45 minute, prolonged sterilisation 
up to 55 minute lead to drop in activity. The activity showed by 55 min-
ute sterilised media was only 26.24% when compared to the activity of 
45 minute sterilised fermentation media. The residual precursor POAA 
content was more in 25 minute sterilised, which decreased steadily till 
45 minute sterilised media. The flasks sterilised more than 45 minute 
showed increase in POAA accumulation. 45 minute sterilised media 

S. No Media sterilisation 
time (minutes)

Penicillin activity     
(1µ/mL)

Residual POAA      
(mg/mL)

1 25 1021 8.01
2 30 1329 4.52
3 35 1406 2.191
4 40 1438 2.005
5 45 1457 0.331
6 50 911 10.04
7 55 472 16.76

Table 1: Penicillin activity and residual POAA content in various sterilization time 
intervals of 41 minute fermentation media.

Figure 1: Penicillin activity and residual POAA content in various sterilization 
time intervals of 41 minute fermentation media.

S. No Media sterilisation 
time (minutes)

Penicillin activity         
(1µ/mL)

Residual POAA       
(mg/mL)

1 25 10682  6.32
2 30 14019 3.62
3 35 14883 1.65
4 40 15812 1.38
5 45 16004 0.221
6 50 9912 6.71
7 55 5178 10.81

Table 2: Penicillin activity and residual POAA content in various sterilization time 
intervals of 82 minutes fermentation media.

Figure 2: Penicillin activity and residual POAA content in various sterilization 
time intervals of 82 minute fermentation media.

S. No Media sterilisation 
time (minutes)

Penicillin activity      
(1µ/mL)

Residual POAA      
(mg/mL)

1 25 29081  5.213
2 30 37791 2.91
3 35 38934 1.33
4 40 39195 1.1
5 45 39806 0.171
6 50 19861 5.15
7 55 9851 8.12

Table 3: Penicillin activity and residual POAA content in various sterilization time 
intervals of 123 minutes fermentation media.
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show 97.74% POAA less accumulated while compared with the residual 
POAA present in fermentation 55 minutes sterilised media. The maxi-
mum Penicillin G fermentation is obtained in the 45 minutes sterilized 
media, whereas the media sterilised more than 45 minutes showed a 
decline in the Penicillin G fermentation Figure 4. 

In order to maintain the unicellular fermentation, the media used 
should be free of microorganisms before inoculation of the Penicillium 
chrysogenum. Steam sterilisation is one of the best methods in steril-
izing the fermentation media in industrial scale. The unknown benefit 
in sterilisation is making the media to be easily and maximum utilised 

by the microorganisms. The number and type of chemical reaction that 
can occur in fermentation media during heat sterilization are too com-
plex for definition. The temperature and time profile of the sterilization 
process could theoretically affect the resulting component concentra-
tions. Long sterilisation also has negative impact on the production on 
some cases; inhibitory products also can be produced or charring of 
the media which leads to decline the production of the fermentation 
product. The studies carried out by us proved that increasing the ster-
ilization time has increased the Penicillin G production by 30% upto 
30 minute and above 30 minute the increase in sterilization time didn’t 
increase the Penicillin G production much though there was a little in-
crease. Moreover, it was observed that though the productivity of Peni-
cillin G was increased as the effect of rise in Sterilization time, the cost 
involved in increasing the duration of sterilization was more than the 
cost of the product. Hence currently we are working on an alternative 
cheaper approach to increase the duration of sterilization without af-
fecting the quality of the product and to get more profit from our Peni-
cillin G production process. 
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