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Antiseptics, disinfectants and 

preservatives

Chapter 16

Prof Saja Hamed

Introduction:

 Chemical biocides are   used as antiseptics, preservatives 

or disinfectants 

 Differ from antibiotics:

- Chemically synthesized 

- Cause more general damage to cell ) unlike antibiotics 

which have specific targets)

- Are not used therapeutically

- Resistance to biocides tends to occur less readily
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Definitions

 Antiseptics: 

- Have broad spectrum of antimicrobial activity

- Sufficiently non toxic

- Can be used on broken skin or mucosal surfaces

 Disinfectants:

- Have broad spectrum activity

- Have toxicity issues 

- Limit uses to inanimate surfaces (worktops, floors, sinks, 

and drains)

Prof Saja Hamed

Definitions

 Preservatives:

- Broad spectrum antimicrobial agents

- Incorporated into pharmaceutical and other products to 

prevent the growth of contaminant M.O. which might 

arise during use

- Bactericidal, virucidal or fungicidal

- Bacteriostatic, virustatic and fungistatic

(Note : time and concentration dependent)
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Examples of different chemical biocides and 

their uses

 Refer to page 151-153

Prof Saja Hamed
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Factors influencing the activity of biocidal 

agents

 Temperature:

 Concentration

 pH

 Solubility

 Interaction with excipients and packaging materials

Prof Saja Hamed

Factors influencing the activity of biocidal 

agents

 Temperature

- Temperature coefficient (Q10): 
describes the change in rate of 
kill for a 100C change in 
temperature

- Example: 

- Phenols have a Q10 of around 
4

- Means: their rate of kill 
increases by a factor of 4 for 
every 100C rise in 
temperature (limits: above 
400C temperature have 
harmful effects on the cell)

Prof Saja Hamed
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 The general relationship for how the rate changes with 
temperature is:

 Where:

 k1 = reaction rate at temperature T1

 k2 = reaction rate at temperature T2

 Q10 = temperature coefficient

 T2 - T1 = temperature difference in °C

Prof Saja Hamed

Explanation of Temperature Coefficient (Q₁₀) and Its 

Implications in Preservative Activity

 The temperature coefficient (Q₁₀) describes how the rate of an antimicrobial agent's activity 

(such as its ability to kill microorganisms) changes with a 10°C change in temperature. It varies 

depending on:

 The preservative being used,

 The type of microorganism it is acting against, and

 The temperature range being considered.

 Interpreting the Given Example:

 If an antimicrobial agent has a Q₁₀ value of 3, this means that for every 10°C increase, its 

killing rate increases 3-fold.

 However, if we consider only a 3°C increase, the effect follows an exponential relationship: 

 3(3/10)

 which approximately equals 1.44 (a 44% increase in activity).

 Over a full 10°C increase, the increase in activity would be: 31=3 (3-fold increase)

 Over a 3°C increase, the total increase would be: 33=27 meaning the antimicrobial activity increases 27-

fold in this case.

 Effect of Decreasing Temperature:

 If phenol has a Q₁₀ value of 5, it means that its activity changes 5-fold for a 10°C temperature shift.

 A drop in temperature from 30°C to 20°C (a 10°C decrease) would reduce the antimicrobial activity 

by a factor of 5.

 This means the killing rate slows down significantly when the temperature drops. Prof Saja Hamed
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 Why Is This Important in Preservative Testing?

 When testing preservatives, temperature control is 
crucial because even small variations can greatly affect 
antimicrobial effectiveness.

 A high Q₁₀ value means the preservative is highly 
sensitive to temperature changes, while a lower Q₁₀
indicates a more stable effect.

 In challenge testing (where products are deliberately 
contaminated to evaluate preservative efficacy), 
temperature consistency is necessary to obtain 
accurate and reproducible results.

Prof Saja Hamed

 http://jb.asm.org/content/43/4/521.full.pdf

http://jb.asm.org/content/43/4/521.full.pdf
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Factors influencing the activity of biocidal 

agents

 Concentration:

 Concentration exponent (n): describes the change in rate 

of kill with a change in concentration

 n= 
log 𝑡2−𝑙𝑜𝑔𝑡1

𝑙𝑜𝑔𝐶2−log 𝐶1

 C1 & C2 : concentration of the biocides required to kill 
a standard inoculum in times t1 & t 2 

 n= slope of the line when log death time is plotted 
against log concentration

Prof Saja Hamed
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Factors influencing the activity of biocidal 

agents

 Agents with a concentration exponent around one

- doubling of their concentration will increase activity of 
kill by a power of one (21) which is 2.

- A three fold dilution means the biocides activity will be 
reduced by a value 31 ( a third of its original activity)

 Agents with a concentration exponent of 6:

- a doubling in concentration will increase the activity of 
26=64-fold 

- And a halving in concentration will reduce their activity 
by 64-fold

- A three fold dilution will mean a decrease in activity of 36

or 729 times less active than the original

Prof Saja Hamed

Factors influencing the activity of biocidal 

agents

 pH:

- pH of the formulation may have effect on the activity of 

some biocidal agent

- Benzoic acid

- Sorbic acid

- Both are active at low pH values, why?

Prof Saja Hamed
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Factors influencing the activity of biocidal 

agents

 Solubility:

- An issue with classes of molecules having variable alkyl 

chain lengths as parabens

- As the alkyl chain length increases from methyl paraben 

to butyl paraben: activity inc. but aq. Sol. Dec. this why 

parabens are usually used as mixture

- Care must be taken in multiphase products such as 

emulsion, what will happen?

Prof Saja Hamed
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Factors influencing the activity of biocidal 

agents

 Interaction with excipients and packaging materials:

- Charged biocidal agents  interacts with oppositely 

charged excipients in the formulation: e.g. quaternary 

ammonium compounds bind to alginates

- Adsorption to plastic or rubber components of the 

packaging

- Partition into the non-aqueous phase

- all of the above decrease biocidal activity especially with 

biocides with high concentration exponent, why?

Prof Saja Hamed

Measurement of antibacterial activity:

 Evaluate the inhibitory effect of the formulation on live 

cultures:

1. Broth-dilution methods

2. Agar diffusion methods

3. Kill curves

Prof Saja Hamed
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Measurement of antibacterial activity:

1. broth-dilution methods
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Measurement of antibacterial activity:

1. broth-dilution methods

Prof Saja Hamed

broth-dilution methods

Prof Saja Hamed
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Measurement of antibacterial activity:

2. Agar diffusion methods

 Used commonly to:

1. Assay activity of biocides

2. Assay antibiotics

3. Determine the sensitivity of clinical isolates to a 

particular antibiotic prior to treatment

Prof Saja Hamed

Measurement of antibacterial activity:

2. Agar diffusion methods

Prof Saja Hamed
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 Synergistic effect: The effect when chemical substances interact 
resulting in an overall effect that is greater than the sum of individual 
effects of any of them 



Prof Saja Hamed
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Measurement of antibacterial activity:

3. kill curves

 MIC and agar diffusion methods give qualitative information 
about antimicrobial activity

 They do not give any quantitative details on the rate at which 
the agent kills cells and how it might be influenced by 
environmental factors

 Kill curves: inoculate a biocide solution with a known 
concentration of viable cells and then take samples at 
intervals of time to determine the number of surviving cells at 
each time point

 When the sample is taken the antimicrobial agents must be 
neutralized:

- Dilution

- Specific neutralizer

- General neutralizer ( a combination of Tween 80 and lecithin)

Prof Saja Hamed

Prof Saja Hamed
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Preservative efficacy testing

 The activity of the preservative influenced by:

- pH

- Multiphase systems

- Suspended solids

- Adsorption on packaging

 Final product should be tested when the product is first 

manufactured and also during storage, why?

to show there is no deterioration of preservative action 

over time

Prof Saja Hamed
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Preservative efficacy testing

 Pharmacopeia testing procedure for the final product 

(pharmaceutical and cosmetic products)

 The product is tested in its final container and different 

samples are inoculated with a range of different cultures 

(described in details in various pharmacopeias)

 The organisms used are:

Bacteria Fungi

Pseudomonas aeruginosa Candida albicans

Staphylococcus aureus Aspergillus braziliensis

Escherichia coli Zygosaccharomyces rouxii

Prof Saja Hamed

Preservative efficacy testing

Prof Saja Hamed
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Preservative efficacy testing

1. After inoculation of the products in their final 

containers they are stored under specified conditions 

for 28 days

2. During this period samples are removed at intervals of 

time and neutralized before enumerating the survivors 

using plate counts

3. Bacteria are incubated at 30-35C for 18-24 hours 

4. Candida and Zygosaccaromyces at 20-25C for 48 hours

5. Aspergillus at 20-25C for one weeks

Prof Saja Hamed
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Disinfectant testing

 Disinfectants are intended for use within diverse 

environments thus there is requirements that they 

possess bactericidal, sporicidal, fungicidal, and virucidal

properties

 The basic approach is to add MOs to a disinfectant and 

remove samples at interval of time, neutralizes the 

biocides and assess the survivors

Prof Saja Hamed
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Microbiology Testing for Non-sterile Products 

https://www.youtube.com/watch?v=2RsuPBZK058&t=966s

Prof Saja Hamed

Microbiology Testing for Non-sterile Products 

https://www.youtube.com/watch?v=2RsuPBZK058&t=966s
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Microbiology Testing for Non-sterile Products 

https://www.youtube.com/watch?v=2RsuPBZK058&t=966s
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Microbiology Testing for Non-sterile Products 

https://www.youtube.com/watch?v=2RsuPBZK058&t=966s
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Microbiology Testing for Non-sterile Products 

https://www.youtube.com/watch?v=2RsuPBZK058&t=966s
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Microbiology Testing for Non-sterile Products 
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Microbiology Testing for Non-sterile Products 

https://www.youtube.com/watch?v=2RsuPBZK058&t=966s
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Microbiology Testing for Non-sterile Products 
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Microbiology Testing for Non-sterile Products 

https://www.youtube.com/watch?v=2RsuPBZK058&t=966s
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Microbiology Testing for Non-sterile Products 
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Microbiology Testing for Non-sterile Products 

https://www.youtube.com/watch?v=2RsuPBZK058&t=966s
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Microbiology Testing for Non-sterile Products 
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Microbiology Testing for Non-sterile Products 
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