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ABSTRACT

Fermentation processes are dynamic, i.e., nonlinear and non-stationary in nature, thus leading to many difficulties
in controlling the process up to a given set point. In addition, lack of cheap and efficient controllers makes certain
variables out of control by mere on-line estimation. Measuring the state variables is difficult, especially on-line, and
its control is even more difficult. These difficulties make the fermentational processes an excellent field for
applications of advanced computer software for controlling any variable. These computer controlled software
makes the general fermentation economically more efficient by reducing man-power, time and last but not the least,
by increasing the efficiency. This paper gives a general outline on how such an important software controller is
developed and calibrated with the fermenter for ideal operations with future prospects in pectinase production from
Actinomycetes. We are highlighting this, because due to the recent inventions in computer programming, the
interface which is used by the controllers these days are getting old and problematic leading to a vast field in which
the research could be done and a new simpler and cheaper interface could be developed by using new age computer
programming softwares. Thus Development of a Computer Software Controller for Monitoring of Fermentation
Processwill be discussed and presented by multimedia.
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INTRODUCTION

Microbial fermentation for pectinase productionaisdynamic process now a days it plays a pivotl no the
modern world. To carry out measurements during éamtation for data analysis and control of the pssc&pecial
sensors or sophisticated probes, which differs sdmefrom those in the chemical industry, have beeveloped
for bioreactors.All sensors located in the stemiledia must be sterilizable and some sensors muspdgfically
adapted to biochemical needs. The physical and iclaéparameters can be either measured directiyaaty pilot
plant or production fermenters or can be measufdme in the laboratory [1,2,3].

Control systems are concerned with improving thialvity and reproducibility of the overall procege production
of pectinase fromi\ctinomycetes. These control systems rely on a combination ofirem-and off-line measurements
using automatic or manual sampling without compedng the process or increasing the risk of contation. The
use of specific probes, however, remains very éthinainly because of their instability followingslization on
the one hand and their susceptibility to foulingtio@ other [4,5].
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The high cost associated with many fermentatiorcggses makes optimization of bioreactor performamaigh
command control systems very desirable. Since tenity of fermentation process are either batcfed-batch, it
is important that we minimize the ‘turn-around’ &nbetween different cycles to maximize output andturn,
productivity. Control of fermentation is recognizas a vital component in the operation and sucakpsbduction
of many industries [6,7,8]. The recent upsurgehindevelopments of command control systems fontbmeitoring,
automation and control of fermentation processefangely due to the developments of a new generatib
computers that are low cost yet very powerful. @e-pectinase estimation denotes that estimatigdheoprocesses
involved in the fermentational process during teenfentationand Off-line pectinase estimation denotes that
estimation of the processes involved in the ferew#onal process when the fermentation is not taktare.
Complicated dynamics, nonlinearity and non-statibjpanake controlling them a very delicate task.eTimain
control goal is to get a pure product with a highhaentration, which commonly is achieved by redn¢at
temperature or pH at certain levels [9,10].

Different types of Reactors used for the production Pectinase

Table 1: Varioustypes of fermentersused in the bioprocesstechnology

Types of Reactor Brief Descriptions References
Packed bed Reactor Very simple, low cost, no conti system Flask stopped with cotton wool or gauze la [9, 30]
Fluidized bed Reactor Column reactor with a perforated b. Air is blown and very effecve removal of metabolic he [13]
Drum Reactor fl\gﬁizntigrof inclined cylindrical drum which is optr@ by gentle mixing of solid substrate in the [12,13]
Disk Fermenter Excellent homogeneistaion of the medium and goad thansfer [30]

Packed bed reactor with periodic agitation, sopt@std control of temperature

Semi automated Reactor (First developed in University of Santiago, Chile) [10]
E;Irerggnnzrer flask Very simple, low cost, allows numerous runs witheagulation, passive aeration [5]
Tray reactor Good aeration, no heat build and alscno stirring [8, 6]

Computer Controlled Fermentation with its Architecture

In general process of the fermentation methodithabntrolled by system design to point howevershstem are
going to be operated, however information flow gped in and round the system and the way thatrirdtion may
be processed, understood, captured, keep andoigéted with its demand. The system is usually assodegree
info changed system. The control system is geneaallinformation exchanged system [11,12, 13].

The information regarding the fermentation meth®dnionitored and detected by differing types of eenand is
transmitted to its amplification units that forwarthis from electronic equipment to the controllEne controller
receives data and additionally compares this néerrmation to the pre-existing information regardimgwever the
fermentation ought to be occurring in a very carngays in that so once generating new informatidthiw the
variety of mathematical algorithmic output whiclrismits the knowledge back to the fermenter, teféect unit
that then, translating this signal into an effesttan [14,15, 16].

The computer file area unit assembled within thput-output systems whose main functions is to edrar mix of

signals to a kind of electrical signal for to sgmout and assemble the informations. Subsequérdbe styles of
signals area unit passed into a Programmable L@gidroller (PLC) [17,30]. In PLC various stylesmoinagement
ways area unit programmed and. Within the PLC thraputer file area unit fed into PID algorithms alifferent

management functions, in nursing output is fed adke fermenter via Inpur-Output cards.

The PLC is additionally connected with data highwdch can be connected with the opposite fermesyetems.
In most of the cases the information road considtsa Supervisory And Data Acquisition System (SCADA
[18,19,33]. This SCADA collects all the informatiand store it for later retrieval and interrogatad data. The
SCADA isn't ainformation and usually it cannotesfcorrect answers to information kind queriegcéhtly the
utilization of advanced graphics will facilitate gift the operator with differing kinds of compretséve and
elaborate data on plant standing [20, 32].

101
Scholar Research Library



Suneetha Vuppu et al

Der Pharmacia Lettre, 2013, 5 (1):100-106

RPM

VDU
AIR INLET —
VDU
AR FLow TERMINAL
PRESSURE AIR OUTLET (yp5 p A TOR
CONTROL
VALVE IC SCADA
CONTROL PLC
VALVE
L pH, Tempr, D.O |
WATER FROM DATA
JACKET INPUT SIGNAL COMMUNICATION
PH
| DIGITAL ANALOG
WATER || DO INPUT
TO i
JACKET Ty
l <— T OUTPUT SIGNAL
CONTROL |
VALVE PH, Temp, D.O DIGITAL ANALOG
OuTPUT

Figure 1. Control system for fermentation process

Various temper ature sensing techniques and their Comparison

Table 2: Comparison of different temperature sensors[18, 19, 29]

the

STe;SoerSs Thermistance Met(;a:l’tllioF(;r)obe Thermocouple (Metallic)

Temperature -100 to 450°C -260 to 1100°C -270 10 400°C

Range

Drawbacks Lesser long term stability vs metallic probesHigher price and highef Measured temperature depends on
interchangeability of the pro response tirr temperature of the cold juncti
High sensitivity. Short response time. ImportanDepends upon the

Advantages signal. Versatile shape of Sensitive element. Simpler Good fidelity. Satisfactory interchangeability
the probe and more precise

Fermentation Unit Operations
In chemical engineering and connected fields, aapgration may be a basic step . Unit operatiouslve bringing
a phase transition like separation, crystallizgtewaporation, filtration etc. as an example, iotipase production
process, homogenisation, sterilization, and pdokpagre every unit operations that area unit cotateto make the
process. A method might have several unit operatiorget the specified product [21,21].
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Table 3: Varioustypesof Unit Operation involving in the Fermentation Process[22,23,24]

?’(lj Unit operations Description
1 gizrr]ill(ization Employed as a pre-batching cleansing sequence alhsteam and drain valves are opened.
5 Medium Fermenter is usually in a safe state for openirdy@eparation. During batching probe calibratiod arsertion into
Batching vessel must be complete before water is addectoabsel
3 Medium Sterilization sequence partly dictated by the ferme vessel configuration and geometry, steamlig@ion of the
Sterilization medium can be achieved by direct steam injection
5 Fermenter To introduce inoculation into the sterilized ferrtemrequires opening the vessel a controlled ntaame introducing
Inoculation inoculation using strict aseptic technigues thraugh
The principal function of the incubation sequengda start the clock counting the hour elapsedesinoculation
6 Incubation during incubation the full functionality of the dool system may be used to program the correct datation
“trajectory” for the run.
This could entail pre chilling or suitable ph adjnent of the broth to permit easier product recowaperations
7 Harvest . W N - e - * -
harvest could also include “killing” the vessels, isterilizing the vessel interior prior to safening and cleaning.
8 Cleaning A number of options may be available here includirigsterilization or heating in the presence afistic detergent

to fully automated clean in place (CIP) system witimplex valve operations of their own.

b

Sequence Logic for production
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Fermentative production of pectinase fréwtinomycetes needs management of multiple valves on an automati

Figure 2: Sequence logic operation for the fer mentation process

fermenter needs the program to manage the gaphaitiing of the valves such the state operationsusymeasure

effectively and safely completed. each of the essges indicated antecedently and probably seeénars ought
to be programmed taking best human operator folklow engineering constraints under consideratiorB{£85].

Scholar Research Library

103



Suneetha Vuppu et al Der Pharmacia Lettre, 2013, 5 (1):100-106

Process a sequence follow a pattern of operatiagghsures ambiguities square measure reducedbgectices

square measure clearly expressed [27]. Takingroegery of the states because the sterilizatidhebioreactor or
fermenter and medium, the system developer shagdihbwith an entire description of the fermented &merefore
the valves related to sterilization. an entire dpion can return from the correct drawing of tplant; these
drawings square measure usually spoken as pipidgretrumentation drawings (P&amp;ID). The drawicen

establish the units of management to be outlingtimvithe program. trendy operative systems can teraperate
with structured code and it's attainable to thifdowt individual blocks of code dominant individuahits of

management [36,37,38] .

This can be illustrates with reference to fig shdvatow, a typical fermenter configuration (a natibRP&ID) is
shown for sterilization, only those valves are shdkat are relevant to this highly simplified regeatation.

Steam In

Control valve for Steam In
airin

Air to Fermenter
Control valve

V.11

for air out
o pressure P1 V.2
Air in Filter VA4 .’i.
steam out Air out Filter
XV.ZA
Temperature T2
steam out

Control Valve for Iv‘3.2|
water In V33

Water to Jacket N

V.3.1

Temperature T1

V.34

steam out

Figure 3: Sequence logic operation for the maintenance of aseptic condition [32]

Sequence Logic for Sterilization Operation

Here in this paper, we are focusing on developréisequence logic, flowchart and a simple execetabbgram
for controlling sterilization operation in a fermen The same logic and program is being used thecontrollers
for sterilization of the fermenter and medium. Beguence logic is given below [25,26].

SEQUENCE LOGIC for sterilization or maintaining ptie operations
1. START: here all valves are closed 3. Heat-up phase
2. Drain jacket 4. Direct-steam injection
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5.  Air filter sterilization 8.  Crash cool

6.  Sterilization temperature 9. Ballast air

7.  Airfilter pressurization 10. Broth hold
CONCLUSION

The sequence logic and flowchart shown here cawmebg efficiently used for the development of a sienpser
interface, fully automated computer controller fermentation processes. Here in this paper, weamasing on
sterilization process which can be controlled gaaild efficiently using such controllers. The cotgpicontrolled
sterilization is very efficient and with the ragidon in the computer industries these days, itvierg cheap process
as compared to the manual control. A simple ugerface controller will prove very beneficial farmenters used
by small infrastructure companies. The use of settrollers will enable these companies to compétie others.
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