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ABSTRACT

Sterilization is a process that eliminates or kal microbes, including transmissible agents presen a surface,
contained in a fluid, medication or biological amie media (UCLA Department Epidemiology). Dry heat
sterilization is one of the important methods @héelating microbes, as it coagulates the proteimsin organism,
causing oxidative free radical damage thus leadgell death. Heat is lethal to micro organismst bach species
has its own particular heat tolerance. This stuslypased on effect of sterilization, at varied tipegiods as well as
constant temperature and pressure conditions, arudgting and non-sporulating bacteria. Bacillushsilis and
Escherichia coli cultures were inoculated in nuttienedia and incubated. After incubation, the cotregion of
bacterial cells in the media, before and after #iteation at 80°C in hot air oven, was found ouadBerial cultures
were subjected to sterilization and OD values dhlibe cultures were taken at an interval of 10utes, using UV
Spectrophotometer. The reaction constant (K) akediligiation reaction rates were calculated from thbtained
data, for both cultures and an increased sterilizatrate was observed for E.coli. A reaction eqoiativas also
designed for sterilization reaction for both cultsr This study would help us understand the dyrsarofc
sterilization and methods of varying specified dbads in order to increase the rate of sterilizati of pathogenic,
sporulating bacteria.
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INTRODUCTION

To determine proper conditions for thermal proaasgsif media which would ensure product sterilityl @juality, it

is necessary to know both thermal inactivation afroorganisms that are present in the medium aag#nameters
which determine their heat resistance. Thereforéhé case of thermal destruction of microorganjsush factors
as the physiological state of cells and chemica physical characteristics of the medium in whigores are
suspended, should be taken into account. Due fo linégit resistance of bacterial spores, their inaittin is very
difficult when their nutrient values are to be metal [1].

Certain microbes lik@acillus species are seen to be more tolerant to heat, givéimeir spore forming property.
Endospores can survive without nutrients. Theyraséstant to ultraviolet radiation, desiccatiorgthtemperature,
extreme freezing and chemical disinfectants. Epdiasformation is usually triggered by a lack ofriants, and

usually occurs in Gram-positive bacteria. Whergasam-negative bacteria do not undergo sporulatioth are

therefore, more heat labile compared to spore fogrbiacteria. It has been known for years that,dvettspores are
more resistant to biocides than non-sporulatingdsic[2]. The bacterial spore is a more complexcsure than a
vegetative cell and consists of a spore-coat sadimg the cortex which is itself external to thespcore. The
cortex controls the water content of the core,rapdrtant aspect in considering the resistance ofespto moist

heat, dry heat and radiations.
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Microbial inactivation is a kinetic process wher#ie viability of organisms exposed to a biocidgé®t varies as a
function of time. Inactivation kinetics depends tre type of organism, type and concentration ofcidie,
environmental conditions such as temperature andgdth rates make it possible to compare theresattance of
different species at the same temperature or thae fesistance of one species at different tempesitut also
enables us to describe in quantitative terms tfecedf environmental factors such as concentratiopH, upon
heat sterilization [3].

An opinion prevails that thermal inactivation ofosps can be described by a single first order i@a¢t][5]. In
many references [6-8] as well as in former stud®dgLO] it has been shown that the kinetics of thal spores
inactivation is closely connected with the physgital state of cells and in special cases onlgiit lbe described by
the first order reaction [9]. Thermal inactivatiofh microbes follows a first order reaction duedeath of the
bacteria by protein inactivation.

Inactivation of this particular protein in bactér@ells forms the limiting step for sterilizatioeaction, thus the
concentration of protein decreases with increasew tof sterilization, at constant temperature. €fane,
sterilization reaction equation follows the firstler:

-Ia= -qu/dt = KC,

It is known that in spore population there are vidlials who differ significantly in heat resistandeis follows

from the fact that particular spores can be inedéht physiological states, i.e. activated, dornaanat the so-called
“super dormant” state. It is generally acceptdthtt activated spores are more sensitive to disadgaaus

environmental conditions than the dormant formsisitalso known that the state of spore dormancy lman
interrupted by activation (a reversible process)ctvHeads to the state enabling germination, irewing in the

form of colonies on proper substrates. On the dtlaed, spores destruction (inactivation) is a ceteploss of their
ability to live. When only activated spores ardtie medium, thermal treatment will cause their esion and the
spore viability curve will be linear. In other casspores destruction in the semi-logarithmic syste curvilinear.

Particular types of viability curves and equatitimst describe them can be found in literature {37

EXPERIMENTAL SECTION

The methodology adopted can be broadly classifired pre and post-sterilization operations. Prefitation
operation included preparation of nutrient brothuson. 100 ml of nutrient broth solution was pregad by mixing
1.3 grams of nutrient broth in 100 ml of distillacgter. 6 ml of nutrient broth solution was added. stest tubes
labelled as TEST, EB,, E1, E2, E3, E4, E5, B1, B2, B3, B4 and B5 andhaltest tubes were plugged with cotton.
All the test tubes, along with nutrient broth saatwere kept for sterilization (121°C, 30 minutés)remove any
unwanted microbes which could hinder the experialaesults.

Fig.1:Sterilized conical flasks containing Fig2:Sterilized test tubes with nutrient
broth,under LAF broth,under LAF

Sterilized test tubes EE1, E2, E3, E4 and E5 were then inoculated withrl of E.coli culture each, while test
tubes B, B1, B2, B3, B4 and B5 were inoculated with 0.1ahB.subtilisculture each. These test tubes were then
placed in an incubator for 24 hours, to allow tle ticrobial populations to grow in number, in ede$t tube.

Meanwhile, standard nutrient broth curve was deriusing UV-Vis spectroscopy. Test tube ‘TEST' wadi to
take the spectroscopic readings of the nutrienthbab different concentrations of the broth. Théiag density of
nutrient broth solution was taken at 480 nm aftandardizing the spectrophotometer using 1ml dilldid water.
Volume 0.0, 0.2, 0.4, 0.6, 0.8 and 1 ml of nutrieroth (1.0, 0.8, 0.6, 0.4, 0.2 ml of distilled terarespectively)
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were used and optical density values were reconggdg spectrophotometer. A standard,&DVs concentration
(ug/ml) graph was plotted using the obtained d@fatical density values of nutrient broth inoculateith E.coli
(E,) andB.subtilis(B,) culture were also recorded at 480 nm, beforeligaion. Concentration of microbial cells
before sterilization was deduced from the standatdent broth graph.

Fig3:The optical density values of inoculated nutént broth using spectrophotometer

After 24 hours of incubation, the test tubes ElaB8 B1-B5 were placed in a pre-sterilzed test gthad.The test
tube stand, with test tubes, was then placed intain oven at 80°C for sterilization. Test tube &id B1 were
taken out of the oven after 10 minutes and the @IDes for both the cultures were taken at 480 nfterAanother
10 minutes, test tubes E2 and B2 were taken outtledespective OD values were taken at 480 nm. SEinee
procedure was followed for test tubes E3-B3, E4aRd E5-B5 at an interval of 10 minutes. All the gyYalues
were tabulated and plotted on the standard nuthiesth graph. Using projection of point method, @emtration of
microbial cells in all the test tubes was calcudat€hese concentration values were then comparéd initial
concentration of microbial cells (before steriliva) and subsequently Q3 Vs time and concentration Vs time
graphs were plotted. The rate of sterilization aterilization reaction constant was then calculafi@d both
microbial cultures, using first order kinetic eqoat

-Ia= 'dCA/dt = KCA
The sterilization reaction rates fircoli andB.subtiliswere compared and the results were analysed.
RESULTS AND DISCUSSION

Heat sterilization reaction conditions depend aaudety of factors like moisture content of the roi@rganism cells
before and after the sterilisation, flow rate ofsgus atmosphere, physical and chemical compositiotine
surrounding medium of the cells, and total pressiitbe system. [11].

The kinetics of media (inoculated with microbe 3$psy sterilization describes the rate of destructid micro
organisms (by dry heat sterilization method) usrfgst order reaction rate model [1PJeath follows a logarithmic
pattern thereby implying a monomolecular reactibd]

An explanation for this phenomenon is that thet fagler or logarithmic death rate is due to an eggion of a
monomolecular reaction of protein penetration anage essential to reproduction of microbes. It isthalso be
realized that microbial death is a result of théufa of the micro- organism to reproduce even whtated in a
favorable environment and optimal recovery medi@d.[
As the population of the microorganisms decreaststitne, the rate is defined by the following etjoa:

-fa= kCA = 'dCA/dt
Where,
A = reactant: protein involved in sterilization ctian
Ca=concentration of A.
k = reaction rate constant.

After exposure to dry heat in the hot air oven,ftiwing data was obtained using UV Vis-spectroene
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Table 1: OD values of standard nutrient media and atrient media inoculated with microbial cultures (before sterilization)

Volume of Nutrient media Volume of water Concentration
SNo. (ml) (ml) (ug/ml) OD at 480 nm

1. 0.0 (Blank) 1.0 0.0 0.000
2. 0.2 0.8 20.0 0.229
3. 04 0.6 40.0 0.259
4. 0.6 0.4 60.0 0.392
5. 0.8 0.2 80.0 0.556
6. 1.0 0.0 100.0 0.690

1.0 ml of nutrient media inoculated 0.0 207 1.424
7. with E.coli culture (before sterilization E ) (calculated from graph )

1.0 ml of nutrient media inoculated 0.0 254 1.796
8. 2.0 with B.subtilis culture (before sterilization B ) (calculated from graph )

Values, as seen in the above table were plottgdaiph representing concentration Vs OD value. Rtwerstandard
nutrient media graph, we obtain values of concéintreof the bacterial culture after equal intereéltime .The
following tables and graphs show the data relatethé OD value and corresponding concentrationach eof

bacteria:

Table 2: OD values of nutrient media inoculated wi B.subtilis culture at evey 10 minutes of steriliation at 80°C

S.No. | Sample Tlme OD at 480 nm
(minutes)
1. Bl 10 1.759
2. B2 20 1.560
3. B3 30 1.495
4. B4 40 1.475
5. B5 50 1.366

Table 3: OD values of nutrient media inoculated wh E.coli culture at evey 10 minutes of sterilizatio at 80°C

S.No. Sample Tlme OD at 480 nm
(minutes)
1. El 10 1.231
2. E2 20 1.207
3. E3 30 1.170
4. E4 40 1.072
5. E5 50 1.026
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Fig. 4: OD4goVs time graph of B.subtilisand E.coli

1098




Shanthi V. et al J. Chem. Pharm. Res., 2014, 6(5):1095-1100

300
A e—
= 250 - <
= ——
T ——
E T ———
L 200 B —
E N-\\'.————_..___...,____-
E 150 —
5 —4—B.subtilis
S
.E 100 —m—E.coli
[
1=
1=
8 50
0
0 10 20 30 40 50
Time {minutes)

Fig. 5: Concentration Vs time graph forB.subtilisand E.coli

From the data obtained, we analyse that the giatin forE.coliis more than that dBacillus subtilis. From the
logarithmic first order rate reaction we calculared analyse the difference in rate constant andesulently the
difference in rate of sterilization reaction of e bacterial cultures at 80.

-dCp/dt = k.G
Using separation of variables and integrating wittial condition, the following expression is obted:

Ca(t) = CAo-ekt
Taking natural logarithm of the above expression,

In Ca(t) / Cao = -kt

Using this formula we calculate the reaction ratestant ‘k’, and then determine the rate of thetiea ‘r'.

Table 4: Calculation of rate constant and rate of eaction for Bacillus subtilis

SNo C_oncentration ‘I_'ime Rate constant Rate of reaction
" | (micro-gram/ml) | (minutes) (k)

1. 256 0 - -

2. 250 10 0.0024 0.600
3. 222 20 0.0071 1.576
4. 212 30 0.0062 1.314
5. 210 40 0.0049 1.039
6. 194 50 0.0055 1.067
7. Average rate of reaction 1.119

Table 5: Calculation of rate constant and rate of eaction for Escherichia coli

Concentration Time Rate constant .
SNo. ) ) Rate of reaction
(micro-gram/ml) | (minutes) (k)
1. 202 0 - -
2. 176 10 0.0137 2411
3. 170 20 0.0086 1.462
4. 166 30 0.0065 1.079
5. 152 40 0.0071 1.079
6. 146 50 0.0065 0.949
7. Average rate of the reaction : 1.390

Thus, we observe that the rate of reactionEamoli (1.390) > rate of reaction fd&.subtilis(1.119). The action of
heat on bacterial cells and spores during steliisacan be understood from the recent studies dongterilisation
reaction, [15][16] which explain that the wateriaity of A,, of the cells themselves and that of the envirortriren
which the spores are heated affects heat resist@tber works [17-21] have demonstrated that spareshighly
permeable and that a free exchange of water otmtrgeen the spore and its environment. The watdritgcof
spores may be expected, therefore, to change atiaelto the water activity of the suspending floidwith the

1099



Shanthi V. et al J. Chem. Pharm. Res., 2014, 6(5):1095-1100

relative humidity of the environment. The importéaxttors to be considered when measuring the day fesistance
of spores are: the initial moisture content of Hpore, the rate of spore desiccation during heatimg water
retention capacity of the material in or on whigloies are located, and the relative humidity ofdhgtem at the
test temperature. Also, heating dry spores, theydbwer resistance to heat because of the lostrwaipour in the
spores and cells, and the environment [22].

CONCLUSION

From the above experimental analysis and the dddadata, we conclude that the sterilization reaatide constant
is more forE.coli culture than foB.subtilisculture, indicating a faster rate of sterilizati@action ofE.coli culture.
The faster rate for the sterilization reaction dadés a faster death rate of the bacterial culagémplied by the fast
decrease in concentration or the number of viablks én the test tubes from the initial concentratbf bacterial
cells of E.coli before sterilization (&). The explanation for this phenomenon is faubtilisa sporulating, Gram
positive bacteria, is more heat resistant thagoli culture, which is a non-sporulating Gram —negaliaeteria, and
more heat labile. Aerobic mesophilic bacterial spfmrmers, such aBacillus subtilisandBacillus coagulansare
the most resistant among several species of spomgffg bacteria to dry heat sterilization. In comgan to the
heat resistant bacteria, the non-sporulating Gragative bacteria are more efficiently killed a@@vhen sterilised
for the same time interval. It is believed thag thigher flow rates of dry gas causes greater dekipa of the
spores and that spore moisture loss is one of Hjerrfactors in determining the dry-heat thermadtdection rate of
bacterial spores. Thus, we infer that the stetibigaof sporulating bacteria requires more timexposure to heat at
higher temperatures for death of all viable cetisspnt in the culture, given their heat resistharacteristic.
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