1. Hazards of Conventional Preservatives

" Home and personal care products provide a nutrient-rich
medium for microbial growth.

" Preservatives used to prevent microbial growth in
consumer products include isothiazolinones (MIT/BIT),
guaternary ammonium salts, and formaldehyde releasers.

= Widely used antimicrobials may induce acute or chronic
toxicity endpoints such as irritation, sensitization, or cancer.

Source: soapqueen.com

2. Partner Organizations

= Partner organizations Seventh Generation and Beautycounter helped us
understand the home and personal care industries and develop relevant
recommendations for current product formulations.
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\ %3 Seventh Generation Beautycounter
e A * Dish liquid * Sunscreen
é.%\éﬁﬂ.‘%m * Auto dish gel * Kids’ shampoo
= * Laundry detergent * Face cream

" Primary considerations: safety, efficacy, biodegradability, cost.

3. Biomimetic Approach

= Working with Biomimicry 3.8, we identified
antimicrobial strategies used in natural systems:
*  Amphiphilicity for membrane disruption BIOMIMICRY 3.8
* Synergy
* Nutrient limitation
" These served as inputs to an iterative analysis of
industrially relevant approaches.

(volatility, pKa,
water solubility)

(min. inhibitory conc.,
mechanism of action)

(acute, chronic,
ecotoxicity)

= From this analysis, we identified four classes of compounds for further study.

4. Bioinspired Chemical Preservatives

Terpenoid Antimicrobials

*Naturally sourced, biodegradable
*Color: light yellow to colorless
*Distinctive scents to unscented

*Cost: $10+/kg

Hazards: some are irritants, sensitizers

Potency against:
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Flavonoid Antimicrobials

*Naturally sourced, biodegradable
*Nutraceutical and pharmaceutical features
«Cost: $10/kg (Plant extracts)

*Hazards: some are estrogenic

Potency against: OH O
HO OH
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MIC (C. albicans): 0.3 ng/mL
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Antimicrobial Peptides

*Prepared through chemical or biosynthesis
Low volatility

«Cost: $1-10/kg or prohibitively expensive
*Easily biodegradable, low hazard

*Used as alternative preservatives in food

LW\*%

e-poly-L- Iysme
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MIC (A. niger): 250 ug/mL

Potency against:
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bacteria Source: en.wikipedia.org”

MIC (S. aureus): 4000 ng/mL
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Gram negative
bacteria
Lysine-containing peptide
MIC (E. coli): 4 ng/mL

Antimicrobial Fatty Acids

« Naturally sourced, biodegradable

« Natural anti-infective on human skin surface

 Limited effectiveness again Gram-negative organisms
 Cost: $1-20/kg

» Hazards: skin and eye irritation, skin sensitization

Potency against:

Capric acid
MIC (C. albicans): 2 ng/mL

y-Linolenic acid
MIC (A. fumigatus): 1 ng/mL

O
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Monolaurin

MIC (S. aureus): 25 ng/mL

Gram negative

bacteria _
Monocaprin

MIC (C. trachomatis): 100 ng/mL
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5. Formulation Strategies
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6. Conclusions

" Terpenoids, peptides, flavonoids, and fatty acids are promising alternative

preservatives that are:
- Safe — adverse health effects often occur at much higher exposure
levels than are needed for product preservation
Effective — biostatic or biocidal against a range of pathogens
Biodegradable — unlikely to accumulate in the environment

" Synergistic and antagonistic effects are poorly understood and can
significantly influence the antimicrobial efficacy of a formulation.

For more information, see our full report: bcgc.berkeley.edu/greenersolutions
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