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Module-A. Disinfection efficacy of OptiMaser Microwave System. 
 
Objective 4. Optimization of Corncob disinfection by OptiMaser. 
 
Work Package- WP4.1-WP4.3 
 

Introduction 

Rodents should be housed with bedding because it allows foraging, burrowing, digging, and nest 

building and absorbs urine and faeces. Moreover, the type of bedding selected can influence animal 

wellbeing and experimental results.  Bedding is evaluated for absorbency, biodegradability, toxicity, 

dust, palatability, comfort, cost, availability, damage to cage washers, and effect on research. Several 

bedding materials are available for rodents, including corncob, wood chips, paper products, and grass 

fibre pellets. 

 Untreated softwood bedding can affect rodent metabolism, and the aromatic hydrocarbons of 

cedar shavings can induce hepatic microsomal enzymes and cytotoxicity. Aspen bedding is associated 

with sneezing and respiratory pathology in rats. In a study comparing aspen shavings, virgin pulp, 

recycled paper, corncob, reclaimed wood pulp, virgin cellulose, pine shavings, and hardwood chips, 

ammonia was detectable last in corncob. Rats have been shown to prefer paper bedding to corncob; 

however, corncob has been used to minimize dampness and ammonia concentrations. Mice prefer 

material suitable for nest building such as cloth, cotton, or paper. Although corncob bedding is not a 

sterile material, it is a common bedding choice due to its absorbency, biodegradability, and ability to 

control ammonia levels 

Corncob advantages: 

• Biodegradable  

• Non-toxic  

• Inert  

• Absorbent-holding up to four times its weight of fluid  

• Available in various uniform sizes  

• Tough resilient & durable  

 

Corn Cob bedding is also low dust, which is a big advantage to customers using individually Ventilated 

Cages (IVC’s) and isolators, where HEPA filters often get clogged by conventional bedding. Corn Cob 

is also more densely packed, meaning that more cages can be filled from a single bag and the bags last 



longer. Using Corn Cob bedding, rodent cages can be changed as infrequently as every 2 Week, as the 

cage remains dry and clean longer and labour is reduced as corn Cob bedding rarely gets wet or sticks 

to the cage requiring scrubbing or soaking. It is imperative to decontaminate animal house bedding 

before disposal. The animal house manure may contain high concern endocrine-disrupting compounds 

(EDCs) such as steroid hormones, rodents, such as mice and rats, can leave droppings that can spread 

bacteria, contaminate food, and cause allergic reactions.  Microwave technology provides an efficient 

and quick solution to the animal bedding decontamination. 

 

Material and Methods 

A. Microorganisms used in the study 
 Bacteria 

- Staphylococcus aureus 

- Escherichia coli 

 Spores (Bacillus subtilis) 

 Fungi 

- Candida albicans 

- Candida glabrata 

 
B. Sample preparation 

 
1. Used animal house Corncob bedding was procured from CSIR-IITR rodent animal 

house. 

2. Corncob was packed into autoclavable biohazard plastic bags. 

3. Water was added to these bags in 1:1 ratio (1kg Corncob/ 1lit water) 

4. Bacterial culture were grown in LB broth. 

5. Fungal culture were grown in YPD (Yeast Extract-1%, Dextrose-2% and Peptone- 2%). 

6. Bacillus subtilis sporulation was performed in sporulation media (SM). Composition of 

SM used was- Nutrient broth- 0.8%, KCl- 0.1%, MgSO4·7H2O- 0.012%, pH adjusted 

to 7.6 with 1 M NaOH, volume adjusted to 1 litre with ddH20.  Autoclaved and allowed 

to cool to 50°C.  Just prior to use, following sterile solutions were added: Ca(NO3)2- 

1mM, MnCl2- 0.01mM, FeSO4-0.001mM. 0.5 ml of an overnight grown B subtilis 

culture was inoculated in liquid DSM media in Erlenmeyer flasks. Flasks were kept at 

37 °C in an orbital shaker at 200 rpm for 7 days. Generation of spores was monitored 

microscopically. After 7 days of incubation > 90% of spore population was observed. 



7. All cultures were maintained at 37°C . 

8. Viable cell density of at least 1010 cells was maintained for bacteria and fungus.   

 

C. Methodology 

1. 1g Corncob was taken in sterile 10 ml screw capped glass tubes and 1ml of microbial 

culture (1010 cells) was added to it. The microbial load was determined by total aerobic 

plate count or spectrophotometrically at 600 nm wavelength.   

2. Tubes were deeply embedded into the Corncob bags and the bags were sealed with 

autoclave resistant rubber bands. 

3. Bags were arranged in two rows within the OptiMaser bucket namely top and bottom. 

4. Following OptiMaser treatment 100µl of this culture was plated in triplicates on 

suitable medium as untreated control. 

5. For calculating the disinfection efficacy (Log reduction) total aerobic plate count 

procedure was be followed.  

6. For determining the Corncob disinfection efficacy, each organism was subjected to 

OptiMaser treatment within Corncob matrix at 100°C for two different time points (10 

min and 30 min) (Fig.1). 

7. For statistical significance disinfection efficacy of OptiMaser for each time point was 

determined using three biological replicates for each organism.  

8. After OptiMaser treatment serial dilutions were prepared from each sample (up to 10-

5) and 100 µl sample of 10-1, 10-3, and 10-5 dilutions were plated in triplicates on suitable 

medium and incubated at 37°C for 48 h followed by calculation of log reduction (Fig.1). 

9. As per 2016 guidelines of Biomedical waste management, Bacillus atrophaeus spores 

(104 spores) should be used as biological indicator for monitoring sterilization process. 

We used self-contained vials from gke for confirming the disinfection process in 

Corncob load. 

10. Following OptiMaser cycles were used for this analysis: 

Sprinkle time- 5 sec 

Filament time- 90 sec 

Microwave on time- 300- sec 

Microwave Off time- 120 sec 

Temp hold time- 600- 1800 sec 

Cooling mode time- 400 sec 



Water draining time- 0 

Temp. Thresh hold- 100 °C 

Printing numbers- 6 

Results 

Disinfection efficacy of Bacteria: 

1. OptiMaser bacterial disinfection efficacy in Corncob matrix was tested using 

representative gram negative (Escherichia coli K12) and gram positive bacteria 

(Staphylococcus aureus). 

2. Bacteria was exposed to OptiMaser at 100°C for 10 and 30 min respectively.  

3. It was observed that at 10 min OptiMaser treatment time the disinfection of bacteria 

was good with 10 log reduction achieved in the top row. The log reduction was very 

resonable in the bottom row where 6 log reduction was achieved for both gram negative 

and gram positive bacteria (Fig. 2).  

4. After 30min or 40 min of OptiMaser exposure time a 10 log reduction was achieved in 

both top and bottom row for both gram negative and gram positive bacteria (Fig. 3 & 

4). 

5. Total aerobic plate count method was used for determine disinfection efficacy 

Disinfection efficacy of Fungi: 

1. OptiMaser Fungal disinfection efficacy in Corncob matrix was tested using 

representative pathogenic fungi Candida albicans and Candida glabrata. 

2. It was observed that at 10 min OptiMaser treatment time the disinfection of Fungi was 

good with 10 log reduction in top row. However the log reduction was resonable in the 

bottom row where 6 log reduction was achieved for both C. albicans and C. glabrata 

(Fig. 2).  

3. After 30 min or 40min of OptiMaser exposure time a 10 log reduction was achieved in 

both top and bottom row for both C. albicans and C. glabrata (Fig. 3 & 4). 

4. Total aerobic plate count method was used for determine disinfection efficacy 

Disinfection efficacy of Spores: 

1. OptiMaser heat resistant bacteria spore disinfection efficacy in Corncob matrix was 

tested using representative Bacillus subtilis spores. 



2. It was observed that at 10 min OptiMaser treatment time the disinfection of bacterial 

spores was very poor with only 2 log reduction in top row. However the spores were 

not killed in the bottom row (Fig. 2).  

3. After 30 min of OptiMaser exposure time a 10 log reduction of bacterial spores was 

achieved in the top row whereas 4 log reduction was observed in the bottom row (Fig. 

3). 

4. After 40 min of OptiMaser exposure time a 10 log reduction of bacterial spores was 

achieved in the top row whereas 6 log reduction was observed in the bottom row (Fig. 

4). 

5. Total aerobic plate count method was used for determine disinfection efficacy. 

6. OptiMaser exposure at 100°C for 40 min was good enough to kill 106 B. atrophaeus 

spores, as observed by no change in colour of the growth media after 48hrs of 

incubation at 37°C. The colour of growth medium of untreated vial turned yellow 

within 8hrs of incubation at 37°C (Fig. 4D). 

 

Conclusions 

At least 10 log disinfection efficacy of representative bacterial and fungal culture 

in Corncob matrix was achieved via OptiMaser treatment at 100°C with a hold 

time of 40 min. A disinfection efficacy of 10 log reduction was achieved for heat 

resistant bacterial spores in the top row. Acceptable disinfection efficacy of 

bacterial spores (6 log reduction) was observed in the bottom row. Self-contained 

biological indicator having 106 B. atrophaeus spores was used for monitoring 

disinfection process. The spore vial was subjected to 40min OptiMaser exposure 

at 100°C along with Corncob load. No growth was recorded in the spore vial after 

48hrs incubation at 37°C, suggesting successful disinfection process. 
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Figure 1: Plan of study for determining the Corncob disinfection efficacy of OptiMaser-30 (2.45 GHz and 1.5 kW). (A)
Disinfection efficacy of OptiMaser was determined in Corncob matrix using representative bacteria, fungi and spores as indicated in
the figure. (B) Due to complex matrix microbe disinfection efficacy was calculated at 100°C (two hold times). (C) For statistical
significance three biological replicates of each samples were exposed to OptiMaser, following microwave exposure, samples were
serially diluted and 10-1, 10-3 and 10-5 dilutions were plated in triplicates on LB agar plates for total aerobic plate. (D) Brief
methodology. Bacteria was grown in LB media at 37°C and 1010 cells were exposed to OptiMaser. Fungus was grown in YPD (Yeast
Extract-1%, Dextrose-2%, Peptone- 2%) broth at 37°C and 1010 cells were exposed to OptiMaser. Bacillus subtilis spores were
generated via magnesium sulphate method.
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Figure 2. Corncob Disinfection efficacy of
OptiMaser at 100°C. (A) Representative plates for
total aerobic plate count. (B) OptiMaser parameter at
10min hold time at 100°C and Log reduction in
bacteria, spores and Fungi upon OptiMaser
treatment. (C) Relation between log reduction and %
reduction. (D) Arrangement of husk bags in
OptiMaser bucket. Bags were arranged in two rows
namely top and bottom.



FungiA
B. subtilis spores Candida albicans

Bacteria

Escherichia coli Staphylococcus aureus

Temp. hold  
mode

Max . Temp. 
achieved

Total run 
time

Log reduction

Bacteria Fungi Spores

100°C for 
30 min 100°C 53min

Top Bottom Top Bottom Top Bottom 

10 9 10 10 10 4

Log Reduction % Reduction of 
bacteria

10 99.99999999

C

B

Bottom

Top 

O
p

ti
M

as
er

10
0°

C
,3

0 
m

in
Untreated

D

Candida glabrata

Figure 3. Corncob Disinfection efficacy of OptiMaser
at 100°C. (A) Representative plates for total aerobic
plate count. (B) OptiMaser parameter at 30min hold time
at 100°C and Log reduction in bacteria, spores and Fungi
upon OptiMaser treatment. (C) Relation between log
reduction and % reduction. (D) Arrangement of husk
bags in OptiMaser bucket. Bags were arranged in two
rows namely top and bottom.
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Figure 4. Corncob Disinfection efficacy of OptiMaser at
100°C. (A) Representative plates for total aerobic plate count.
(B) OptiMaser parameter at 40min hold time at 100°C and Log
reduction in bacteria, spores and Fungi upon OptiMaser
treatment. (C) Relation between log reduction and % reduction.
(D) Disinfection of 106 B. atrophaeus spores upon OptiMaser
exposure at 100°C for 30min along with rice husk load. No
change in colour of the medium after 48hrs of incubation at 37°C
suggest complete disinfection. C, Untreated control; T, Treated
vial.

C T


	CornCob.pdf
	corncob figs

