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Abstract: Increasing toxicity reports and new regulations for existing preservatives has driven a need for cosmetic 
formulations that are self-preserved. Use of preservatives is important to ascertain shelf life stability and minimize contamination 
after opening. While new classes of materials are being researched, their efficacy has been found to be substantially lower than 
their predecessors. Due to the variety of formulation types, it is exceedingly challenging to preserve different product formats 
using a handful of preservatives. Hurdle technology is being adapted by cosmetic scientists for designing formulations by 
modifying physico-chemical properties and use of multi-functional ingredients with antimicrobial properties to improve shelf 
life and minimize in-use contamination of products. This technology will also assist formulation scientists to make 
“preservative-free” claims for products while consumers get the advantage of using “clean cosmetics”. Further, multifunctional 
materials help in reducing the formulation cost while enhancing product stability due to lesser number of ingredients. In this 
focussed review, we describe various techniques for improving preservation with their strengths and weaknesses to assist 
formulation scientists in making informed choices. Implementation of these methods with new preservatives will provide 
solutions to scientists to manage the diverse range of formulations for various benefits. 
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1. Introduction 

Due to high water content and conducive pH (pH 4-9) in 
most formulations, cosmetic products are prone to microbial 
growth. Preservatives are commonly used in cosmetic 
products to prevent microbial contamination and ensure 
product safety during storage as well as after opening. [1, 2] 
Over the years, preservatives have been a subject of bad press 
due to reports of contact dermatitis, skin sensitivity and 
hormonal imbalance. [3, 4] Consumers and clean beauty 
advocates look for cosmetics formulated with safe alternatives. 
While multiple new preservatives and their combinations are 
under development [5], formulators need to look for alternate 
approaches to ensure product safety while following beauty 
trends. 

Hurdle Technology is an effective preservation technique in 

which combination of various preservative factors or hurdles 
are applied in a way that minimizes micro-organism growth. 
Hurdle technology was first coined by Leistner in 1978 [6, 7]. 
An ideal preservation system (internal or external) must 
ensure product safety and protection of product from 
microbial contamination both in original closed packaging 
until expiry, and in an open container throughout its use [8]. 
The combination of various preservative ingredients and 
methods helps to achieve and maintain product quality while 
maintaining safety and stability. Different preservatives that 
act at different cellular targets will have greater impact on 
reducing organism growth. Figure 1 explains the mechanisms 
by which preservatives can achieve bacteriostatic/bactericidal 
effect. 
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Figure 1. Mechanism for achieving bacteriostatic or bactericidal action which will help in increasing preservation. Homeostasis is the tendency of any 

micro-organisms to maintain its internal balance. Disturbed homeostasis will promote Metabolic exhaustion leading to auto-sterilization. Stress reaction due to 

exposure to multiple stresses simultaneously activates the synthesis of various stress shock proteins, in turn making the micro-organisms metabolically weak, and 

Structural damage will eventually lead to leakage of cellular contents and cell death. 

2. Approach 

Various methods, physical and/or chemical can be used 

simultaneously to achieve superior preservation. Figure 2 
enlists the techniques to limit microbial contamination and 
growth. The methods, their pros and cons are discussed in 
detail further. 

 

 

Figure 2. Methods to achieve Hurdle Technology. When combination of different preservative factors or hurdles are applied, they deteriorate the growth of 

micro-organisms present making the product free from microbes, and safe for human use with optimal shelf life. 

Low Water Activity (aw): Water activity or aw is a measure 
of free amount of water available in a product [9]. Most 
formulations contain greater than 50% w/w of water, of which 
80-90% is bound to various chemicals such as salts, thickeners 
and emulsifiers. The remaining 10-20% of unbound water 
may provide media for microbial growth. Water activity of 
formulation can be reduced by increase in use of polyols (e.g., 
glycerol, sorbitol, propylene glycol), hydrocolloids (xanthan 
gum, guar gum etc.), salt (sodium chloride, sodium lactate) 
and hydrogels (polyacrylamide) depending on the ingredient 
properties and formulation design [10, 11]. The minimum aw 
value permitting the growth of micro-organism found or 
present in cosmetics is from 0.8 to 0.97. Addition of 
water-soluble solutes that lower the aw to less than 0.95 will 
prevent growth of gram-negative bacteria (e.g., P. aeruginosa, 

E. coli) and solutes that decrease the aw to less than 0.86 will 
help prevent the growth of most gram-positive and 
gram-negative bacteria [6]. 

Pros – Helps prevent bacterial growth or micro-organism 
spoilage which helps to increase the shelf-life of cosmetic 
products. 

Cons – Impact in formulation cost as the water used will be 
replaced with ingredients such as polyols, hydrocolloids etc. 
which will increase cost. Formulations with high salt 
concentrations are difficult to stabilize and may require 
specific emulsifiers and viscosity enhancers. 

pH: Formulation pH can provide favourable conditions for 
microbial growth [12]. Each micro-organism has a specific pH 
tolerance range. The optimum pH for growth of 
micro-organisms in cosmetic products is between 5 to 8. Thus, 
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pH outside this range induces unfavourable conditions for the 
growth of micro-organisms [10]. For example, the acidic pH 
of cationic hair conditioners (pH = 4, approximately) can 
result in mild antimicrobial action of the product [10]. 

Pros – Cost effective technique [6]. 
Cons – Excess acidity or alkalinity may make products 

harsh or irritating (especially leave-on-products). Choice of 
ingredients stable under such extreme pH is limited. 

Good Manufacturing Practices (GMP): GMP standards 
such as production under stringently aseptic conditions, 
periodic and controlled monitoring of water 
treatment/filtration, disinfection of manufacturing equipment, 
microbial control of raw materials and packaging components, 
environmental monitoring of facility, first in first out practices 
and properly trained personnel reduce the chance of 
contamination. GMP must be followed strictly during 
production of cosmetic products to hinder entry of 
micro-organisms or their spores during processing [6]. 

Pros: A clean, aseptic environment is created during storage 
of raw materials, production process, & storage of finished 
product resulting in low to negligible cross-contamination and 
fewer customer complaints. 

Cons: Periodic monitoring for implementation and 
requirement of trained workforce has implications both on 
production cost and time. Certain disinfection processes such 
as heat sterilization may not be suited for all materials. 

Multi-functional Antimicrobial Ingredients: Surfactants – 
Surfactants or surface-active agents can reduce surface tension, 
generate foam, improve wettability and solubility in water and 
in exceptional cases also show biocidal activity [13]. 
Surfactants can rupture cell membranes causing leakage of 
cellular contents, destabilization of lipid bilayer of bacteria 
inhibiting their growth [10]. 

Cationic surfactants with quaternary ammonium groups 
commonly known as quats are the most effective type of 
antimicrobial compounds. Quats (example – alkyl dimethyl 
benzyl ammonium chloride; ADBAC, alkyl dimethyl ethyl 
benzyl ammonium chloride; ADEBAC, and dodecyl 
ammonium chloride; DDAC) adsorb on cell membranes due 
to charge interactions followed by permeation, membrane 
damage and disturbance in homeostasis leading to cell death 
[14]. Cationic surfactants such as benzalkonium chloride [13] 
and cetyl pyridinium chloride are used often as they reduce or 
eliminate the need of additional preservative [6, 13]. 

Anionic surfactants such as fatty acid soaps have weak 
antibacterial effect under alkaline conditions and are usually 
active against gram positive rather than gram negative bacteria. 
The cell membrane in gram negative bacteria provides 
protection from anionic compounds, however use of chelating 
agents can improve their effectiveness [6]. 

Alcohols – Most commonly used alcohols in cosmetics, 
ethanol and isopropyl alcohol, have dose dependent 
bacteriostatic to bactericidal activity [10]. Alcohols are known 
to increase cell wall permeability; ethanol alters the 
peptidoglycan structure affecting the lipid-protein ratio 
causing cell content leakage [15]. 

Medium Chain Terminal Diols (MCTDs) – MCTDs are one 

of the most important types of multi-functional ingredients 
which are known to control microbial growth in cosmetics 
formulations. Most used MCTDs are ethyl hexyl glycerine, 
caprylyl glycol, pentylene glycol and hexylene glycol. The 
prominent mechanism of action is membrane disruption due to 
improved lipid dissolution [12]. This allows other ingredients 
to enter the cells and water to leak out of cells, leading to 
eventual cell collapse. Commercial examples of MCTDs 
include Lexgard® O (Caprylyl Glycol), Lexgard H (Hexylene 
Glycol), Ethyl hexyl glycerin (Lexgard® E) and Methyl 
heptyl glycerine (Lexgard® MHG Natural MB). 

Fatty Acids, Fatty Alcohols and their derivatives – Medium 
chain saturated fatty acids such as heptanoic acid (C7), 
caprylic acid (C8), capric Acid (C10), and lauric acid (C12) 
and their esters with glycerine and propylene glycol have been 
found to be active against micro-organisms. Glyceryl 
caprylate and glyceryl caprate have been effectively used at 
concentration of 0.5-1% w/w for the preservation of o/w 
formulations, body shower gels and shampoos [12]. Other 
derivatives which can be used includes capryl hydroxamic 
acid, C11/Undecylenic acid and glyceryl undecylenate. In a 
study, capric and lauric acid were found effective against 
Candida albicans in low doses of 2.5-5 mM in 30 minutes of 
incubation by altering the internal cellular turgor pressure 
[16]. 

Aromatic acids such as benzoic acid, p-anisic acid and their 
sodium/potassium salts and alcohols also have antimicrobial 
property. Phenethyl alcohol act as bacteriostatic agent. These 
acids and alcohols cause acidification of the cytoplasm 
resulting in enzyme inhibition and reduced metabolism 
leading to microbial cell death [12]. 

Plant-derived essential oils and extracts – Plant extracts and 
essentials oils also show antimicrobial and anti-inflammatory 
properties [10, 17, 18]. Numerous plant-derived extracts (such 
as Lonicera caprifolium extract and Lonicera japonica extract 
[12], Aloe vera extract [19], olive leaf extract [20], 
Glycyrrhiza glabra root extract [21], rosemary leaf extract 
[22], Citrus aurantium dulcis fruit extract, Citrus limon fruit 
extract, essential oils and extract of peppermint, basil, tea tree 
[23] show antimicrobial efficacy, when used alone or in 
combination with chemical preservatives for preserving 
cosmetic products. 

Essential oils such as clove oil, cinnamon oil, eucalyptus oil, 
lemon oil, lavender oil, rose oil, thyme oil, tea tree oil, 
Calamintha officinalis, totarol, carvocol have been shown to 
prevent the microbial growth in cosmetics [6]. 

Essential oils which shows antimicrobial activity against 
gram positive and gram negative bacteria, and can be used in 
cosmetic formulation as preservatives includes: tea tree, 
lemongrass, oregano, clove [24] and thyme [25]. 

Enzymes and Ferments – In cosmetic formulations 
enzymes are used as exfoliants, and ferments are used to break 
down the molecular structure of ingredients and make the 
nutrients easy and quick to absorb into the skin. There are 
various enzymes and ferments which exhibit antimicrobial or 
antibacterial property and thus can be used as a 
multi-functional ingredient. Proteolytic enzymes such as 
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bromelain have shown activity against P. acne and S. aureus 
[26]. 

According to the study conducted by Denkova et al, 
different Lactobacillus strains, Bifidobacterium bifidum and 
Propionibacterium freudenreichii were active against common 
cosmetic pathogens both bacteria and molds. The mode of 
action involved release of lactic, citric, tartaric acids for 
Lactobacilli, additional acetic acid for Bifidobacterium and 
propionic acid for Propionibacterium. This resulted in 
acidification of the media while creating a competition for 
nutrients between the pathogenic and test species resulting in 
reduced growth of the former [27]. 

In study conducted by Sirilun et al, a natural mouthwash 
solution with Lactobacillus fermented medicinal plant juice 
showed activity against E. coli, S. aureus and P. aeruginosa 
[28]. 

Chelating Agents – Ethylene diamine tetra acetic acid; 
EDTA, citric acid, lactic acid and phytic acid increase the 
permeability of cell membranes and make them more sensitive 
to antimicrobial agents. Chelating agents block the iron 
needed for microbial metabolism and growth enhancing the 
efficacy of antimicrobial agents [12]. 

According to the experiment conducted by Paterson et al 
[29] to examine the effects of different chelating agents used 
as bacteriostatic agents, the influence of eleven chelates 
(EDTA, DTPA, diethylene triamine penta acetic acid; 
DTPMP, diethylene triamine penta methylene phosphonic 
acid; MGDA, methyl glycine diacetic acid; GLDA, glutamic 
acid-N,N-diacetic acid; HBED,N,N-bis(2-hydroxybenzyl) 
ethylene diamine-N,N-diacetic acid; CAT, catechol; CHA, 
capryl hydroxamic acid; PO, piroctane olamine; TPEN, 
N,N,N’,N’-tetrakis (2-pyridylmethyl) ethylene diamine; and 
BCS, bathocuporine disulphonic acid) and inhibitory effects 
on E. coli growth was studied [29]. The test ingredients 
sequestered specific divalent metals like Ca, Mg, Fe, Zn and 
Mn resulting in disturbance in cellular metal reserves 
affecting enzyme function and therefore imbalance in 
various functions like material exchange, growth and 
reproduction [29]. 

Antioxidants – The primary function of antioxidants is to 
delay auto-oxidation or self-oxidation of unsaturated 
lipids/oils in products, but they also show significant 
antimicrobial activity. Butylated hydroxy toluene (BHT), 
Butylated hydroxy anisole (BHA) and propyl gallate are the 
most effective antimicrobial antioxidants [12]. 

Pros – Use of natural ingredients with skin care benefit and 
preservation simultaneously. 

Cons – Formula cost may increase due to multiple 
antimicrobial additives to achieve effective preservation. 
Ingredients, example essential oils have strong odour and may 
cause skin irritation when used at efficacious level [12]. 

Type of Packaging – Packing operations should take place 
under stringently clean conditions. Cleaning and disinfection 
of filling equipment should be done regularly as per GMP, 
cleaning packaging materials with filtered dry air can 
minimize contamination. Choice of closures also impacts 
product contamination during production and in-use. Tubes 

with narrow apertures, pre-sealed tubes, jars with inner lids 
and use of flip top caps and pumps instead of screw-on are 
examples of how formulators can minimize the duration of 
product exposure to the environment. Airless technologies 
based on a movable platform reduce the amount of air 
entrapped in a product during dispensing. These packaging 
reduce the availability of free oxygen in the product compared 
to standard systems thus minimizing the need for high 
preservative concentrations. Despite their benefits, Airless 
systems are expensive and therefore may not be economical 
for all products. 

New studies show development of polymer coatings with 
impregnated nanoparticles or oxides such as silver, copper, 
zinc and titanium that can release free ions in their vicinity 
creating a zone of protection around the product. These 
technologies have been tested on catheters and prosthetics and 
may be suitable for cosmetic applications. Polycationic 
coating like polyethylene imine or quaternary chitin on glass 
surfaces can help reduce the extent of microbial growth. 
Studies need to be undertaken on the compatibility of these 
coatings with formulations and their contribution towards 
overall reduction in preservative content [30, 31]. 

Pros - Lower preservative concentrations can be effective 
while maintaining reduced contamination at the consumer 
end. 

Cons - Certain formats, example, airless systems can be 
expensive. 

Product Format -  

Nano emulsions – Nano emulsions are described as the 
emulsions in which dispersed phase comprises of small 
particles or droplets, with a size range of 5nm-200nm [32]. 
Nano emulsions comprising of detergent, oil and water have 
shown broad-spectrum, non-specific activity against bacteria, 
viruses and fungi. The size of the emulsion droplets helps to 
improve the effectiveness of cosmetics. Thus, in several 
formulations, decrease in size of emulsion droplets, will 
increase the antimicrobial activity [33]. Nano emulsions have 
ability to fuse with the cell membranes of micro-organisms. 
The antimicrobial mechanism in nano emulsions is by the 
charge interaction of nanoparticles (having positive charge) 
and micro-organisms (negative charge) which destabilize the 
cellular permeability and lipid bilayers of cell membrane 
which leads to interruption in the activity of micro-organisms 
[33]. 

Emulsion Form – The risk of microbial contamination in 
water-in-oil emulsion is less as compared to oil-in-water 
emulsions as oil is the dispersion medium in the former 
leading to reduced biological oxygen availability in the 
product [10]. This restricts the product appeal and 
performance and therefore has limited application. 

Treatment of raw materials – Raw materials to be used can 
be treated by different methods such as Pasteurization or 
different sterilisation methods (irradiation, autoclave, dry heat, 
filtration). This includes: 

1) Pasteurization of raw materials (chemicals) to be used in 
formulation. 

2) Sterilization of herbs and dry heat sterilization of 
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powdered raw materials. 
3) Herbs / plant extracts and finished products can be 

treated by gamma irradiation [34]. 
Pros - Gamma irradiation is a clean, non-residual and 

environmentally friendly technology [34]. 
Cons - Materials can be thermolabile and therefore cannot 

be treated by heat sterilization techniques. These treatments 
add additional procedures to production and may impact time 
and cost. 

3. Conclusion 

Hurdle technology provides a method for combining 
several milder preservation techniques to attain an enhanced 
level of product safety and stability throughout shelf life. The 
aim is to interfere with different sustenance and growth 
mechanisms in micro-organisms simultaneously. With use of 
multifunctional ingredients, GMP and suitable packaging, it is 
feasible to obtain a ‘preservative-free’ product without 
compromising aesthetics and performance. This approach is 
useful for creating organic and natural products compliant to 
certifications where traditional preservatives are not permitted. 
A major stumbling block in implementing hurdle techniques is 
the requirement for adequate shelf life preservation studies 
since formulation ingredients can impact activity and 
effectiveness; overall increased cost and lowered 
speed-to-market [4]. 
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