
 

 

Thermal destruction of microorganisms 

 

The preservative effect of high temperature treatment depends on the extent of destruction 

of microorganisms. Certain basic concepts are associated with the thermal destruction of 

microorganisms.These include; 

 Thermal death time (TDT) 

 D- value 

 Z- value 

 F- value  

 12D concept  

Thermal death time (TDT) 

TDT is the time required to kill a given number of organisms at a specified temperature. Here, 

temperature is kept constant and the time necessary to kill all cells is determined. Whereas, 

thermal death point is the temperature necessary to kill given number of organisms in a fixed 

time, usually 10 min. But it is of less importance.  

TDT is determined by placing a known number of bacterial cells/spores in sealed containers, 

heating in a oil bath for required time and cooling quickly. The number of survivors from each 

test period is determined by plating on a suitable growth media. Death is defined as the inability 

of organism to form viable colonies after incubation.  

D-value (Decimal reduction time 

D-value is the time in minutes required at specified temperature to kill 90% of microorganisms 

thereby reducing the count by 1 log units. Hence D – value is the measure of death rate of 

microorganisms. It reflects the resistance of an organism to a specific temperature and can be 

used to compare the relative heat resistance among different organisms/spores. D-value for the 

same organism varies depending on the food type. D -value is lower in acid foods and higher in 

presence of high proteins. 

Example: D 250oF (121.1oC) for B. stearothermophilus: 4-5 min 

C. botulinum: 0.1 – 0.2 min. 

D 95oC for B. coagulans: 13.7 min 

B. licheniformis: 5.1 min. 

 

Z - Value 

Z-value refers to degrees of Fahrheit required for the thermal destruction curve to drop by 

one log cycle. Z value gives information on the relative resistance of an organism for different 

destruction temperature. It helps to determine equivalent thermal process at different 

temperature. 

Example: If adequate heat process is achieved at 150oF for 3 min and Z -value was determined 

as 100F, which means the10oF rise in temperature reduces microorganisms by 1 log unit. 

Therefore, at 140oF , heat process need to be for 30 min and at 160oF for 0.3 min to ensure 

adequate process.  

 

F - Value 

F- value is the better way of expressing TDT. F- is the time in minutes required to kill all 

spores/vegetative cells at 250oF (1210oC). It is the capacity of heat process to reduce the 

number of spores or vegetarian cells of an organism.  

F – Value is calculated by  

Fo = Dr (log a-log b) 

Dr = Decimal reduction time (D value) 



 

 

a = initial cell numbers  

b = final cell numbers  

 

12D concept 

12D concept is used mainly in low acid canned foods (pH >4.6) where C. botulinum is a serious 

concern. 12D concept refers to thermal processing requirements designed to reduce the 

probability of survival of the most heat resistant C. botulinum spores to 10-12. This helps to 

determine the time required at process temperature of 121oC to reduce spores of C. botulinum 

to 1 spore in only 1of 1 billion containers (with an assumption that each container of food 

containing only 1 spore of C. botulinum). 

4.3. Food preservation by drying  

Preservation of foods by drying involves reducing the activity of microorganisms and enzymes by 

reducing moisture content. Lowering of moisture content inhibits the activities of food spoilage 

and food poisoning microorganisms. It is a traditional method of preservation of food, simple 

and easy to perform. Drying is generally done by exposing the fresh/ semi processed foods to 

sunlight until desired moisture level in attained. 

4.3.1. Fish drying  

Small fishes are dried whole without any processing while, large fish are dried by cutting open 

or cutting to small pieces to ensure faster drying. Fish may be salted or not salted before 

drying. After drying, fish are packed and stored for later consumption as human food. The 

storage stability or shelflife of dried fish depends on factors such as quality of the raw 

material used, extent of drying and storage conditions to which fish is exposed after drying.  

 

Categories of dried foods 

Dried foods are generally divided in to 2 categories based on moisture content. They are, 

Low moisture foods: These foods do not contain moisture level more than 25%, and have aw of 

0.6 or less. These foods have better keeping quality and shelflife.  

Intermediate moisture foods (IMF): These contain 15-50% moisture and aw between 0.60 and 

0.85.Ex: Dried fruits, cakes etc. 

4.3.2. Effects of drying on microorganisms 

Drying reduces the microbial activity in foods to a large extent, and depends on the moisture 

level attained after drying. Thus the storage stability (spoilage) of dried foods depends mainly 

on the aw of food. Generally, bacteria require high aw for growth (> 0.90) compared to yeasts 

and molds. 

 At aw of 8.0~0.85: Spoilage of dried foods is caused by a variety of fungi and spoilage 

occurs in 1-2 weeks period.  

 At aw of 0.75: Delayed spoilage caused by few types of organisms (fungi). 

 At aw of 0.70: Spoilage greatly delayed, may not occur during prolonged storage.  

 At aw of 0.65: Very few organism can grow, and spoilage is unlikely for 2 years.  

Growth of most organisms is prevented at aw <0.65, but some molds (Ex: Aspergillus echinulatus, 

Zygosaccharomyces rouxii) are able to grow and cause spoilage. Some of the molds involved in 

the spoilage of dried foods are Candida, Botrytis, Rhizopus, Mucor, Saccharomycopsis, 

Alternaria, Aspergillus, Zygosaccharomyces etc.  

Though drying destroys some microorganisms, endospores of bacteria, yeasts, molds and certain 

bacteria survive drying process. Microbial spoilage of dried foods can be prevented by storing at 

low Rh condition. Storage at high Rh condition enables absorption of moisture from the 

atmosphere by dried foods until equilibrium is reached leading to spoilage beginning from the 

product surface.  



 

 

 


