TECHNICAL BULLETIN
Title
Antibacterial and Antifungal Properties of 1,3-Propanediol and Propylene Glycol
Abstract
Glycols are important in food, cosmetic, personal care, and pharmaceutical applications as carriers for active
ingredients, humectants, and to enhance the function of preservatives. The antibacterial and antifungal
effects of glycols generally occur over a range of 5-25%, with the mode of action thought to be related to the
reduction of water activity (Aw), and/or structural changes in biological membranes that cause membrane
depolarization (Alzamora, et al., 1994; Kinnunen and Kosekela, 1991; Olitzky and Mattly, 1967). These
products are not registered with regulatory agencies as biostatic or biocidal agents, and therefore, are
generally regarded as agents that enhance preservative efficacy.
In this study, we measured the Minimum Inhibitory Concentration (MIC), and Minimum Lethal Concentration
(MLC) of propylene glycol (PG), and 1,3-propanediol (PDO) for a group of 5 Gram-negative bacteria, 2
Gram-positive bacteria, and one fungal species. The MIC50 occurred in a narrow range (approximately 510.2%) with all species tested, and was found to be largely independent of the glycol type. The mean MLC
was similar for PDO (10.4% v:v) and PG (10.5% v:v). These results indicate that aqueous mixtures of 1,3propanediol are effective in reducing viability and inhibiting the growth of microorganisms.
Introduction
Previously, the bactericidal and fungicidal properties of Zemea® propanediol were evaluated using the
Cosmetic, Toiletry, and Fragrance Association (CTFA) Microbiology Guidelines. Neat samples of Zemea®,
propylene glycol (PG), and butylene glycol (BG) were tested, as well as three oil-water emulsions using a
combination of Zemea®, PG, and BG, and three different preservative systems. The preservative systems
included phenoxyethanol, methylparaben, propylparaben, and ethylparaben; caprylyl glycol, phenoxyethanol
and ethylhexylglycerin; cetearyl alcohol, dimethicone DC 200-100 and caprylyl glycol. The test results
indicated that the bactericidal and fungicidal performance for Zemea® was comparable to PG and better
than BG, both as neat solutions and as an ingredient in the o/w emulsion.
In this study, we further evaluated antimicrobial properties of glycol/water solutions for 1,3-propanediol and
PG to compare differences in their ability to control microbiological growth. Antimicrobial impacts occurred
over a range of approximately 5-13.6% (v:v) for the 7 bacterial and 1 fungal species evaluated in this study.
A higher level of glycol resistance to was observed for organisms that were capable of utilizing these
compounds as a carbon and/or energy source. In contrast, organisms that were unable to metabolize
glycols were more sensitive to glycol concentration. These results indicate that aqueous mixtures of 1,3propanediol are effective in reducing the viability of microorganisms and inhibiting their growth.
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Materials and Methods
Microorganisms. Cultures were obtained from the American Type Culture Collection in Manassas, VA.
Testing was completed on a group of 5 Gram-negative bacteria, 2 Gram-positive bacteria, and one fungal
species using media and growth temperatures shown in Table 1. Two organisms, Pseduomonas aeruginosa
and Klebsiella pneumonia were capable of utilizing 1,3-propanediol as a carbon and/or energy source, as
determined by uptake of 1,3-propanediol and production of additional biomass.
Broth Microdilution of Glycols. The 96-well DeepWell™ (2 mL) microwell plates were filled with 1480μL of
sterilized (121ºC, 15 min.) Luria-Bertani broth (LB). Each row contained an un-inoculated control (500 μL of
sterile water), a positive control, which was inoculated with 20 μL of a 5-log CFU/mL culture, but contained
no glycol, and 11 treatment groups consisting of 20 μL of 5-log CFU/mL culture plus a 500 μL addition of a
glycol to a final concentration of 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, or 15% by volume. The
glycol stock solutions consisted of 0.2 μm filter-sterilized 1,3-propanediol (99.99%, DuPont Tate & Lyle Bio
Products), or propylene glycol (99.9%, Sigma-Aldrich Chemical Co.), which were diluted in sterile water.
After the 2 mL microwell plates were inoculated, they were sealed with a gas-permeable silicone membrane
and placed in the shaker at 330rpm for 36 hours at each organism’s optimum growth temperature (Table 1).
After the 36 hours in the shaker, 200μL from each well was transferred to a Corning® CoStar® #3595 assay
plate and the optical density at 600 nm was read using a BioTek® ELx800™ Absorbance Microplate Reader.
From the same deep well plate, 1:10 dilutions were performed using 15 ml tubes containing 9ml of 0.9%
saline solution. Exactly 1 mL from each dilution was plated on the 3M Petrifilms®. These films were then
placed in an incubator and incubated at each organism’s optimum growth temperature for 36 hours, and then
CFU/mL was determined for each dilution.
Data Analysis. All observations were made in triplicate for each glycol and each microorganism, and are
reported as the mean for three observations. The coefficient of variance (CV), defined as the ratio of the
standard deviation,  to the mean, μ ((/μ)*100) for reported data was maintained less than 1%.
Observations that exceeded a CV of 1% were discarded.
Minimum Inhibitory Concentration (MIC). This is the lowest concentration of 1,3-propanediol, or PG that
will inhibit the visible growth of a test microorganism. Optical density measurements were performed on
control and treatment conditions that contained various concentrations of glycols after 3 days of growth in 2mL microwell plates. The MIC value is reported as the concentration of glycol necessary to inhibit 50%
(MIC50) or 90% (MIC90) of visible growth for each microorganism.
Minimum Lethal Concentration (MLC). This is the lowest concentration of 1,3-propanediol, or PG that is
required to kill a test microorganism. This test was performed by sub-culturing broth from MIC 2-mL
microwell plates, after 3 days of growth on to 3M Petrifilms®. These films were then placed in an incubator
and incubated at each organism’s optimum growth temperature for 36 hours, and then CFU/mL was
determined for each dilution. The MBC is reported as the concentration of glycol that reduces the viability of
the positive control condition by ≥99.9% (3-log reduction). This measure reflects biocidal activity of the
glycol.
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Summary:



A glycol concentration range from 0-15% (v:v) was sufficient for accurate measurements of MIC and
MLC for PDO and PG.



PDO and PG achieving nearly identical MIC and MLC values for the organism test group. The only
exception was for Pseudomonas aeruginosa and Klebsiella pneumoniae, which showed a 20% lower
MIC50 value for initial growth inhibition by PG. However, the MIC90 and MLC values were not
different for the two glycols.



With the execption of Candida albicans, the MIC50 and MIC90 differed by less than 2% for glycol
concentration, which indicated a steep slope for inhibition of growth by these glycols. These slopes
were essientially identical for PDO and PG.



In contrast, the MIC for the fungus, Candida albicans showed significantly lower slope
(approximatley 4X lower) than all bacterial test organisms. Furthermore, the MLC data for Candida
albicans was the highest of any organism in the test group. This result is consistent with previous
inhibition studies of PG on fungal organisms by Lyondell (2006), which showed MLCs to be generally
higher than those for bacteria.



As expected, initial growth inhibition (MIC50) occurred at a glycol concentration that was 2-3% lower
than the MLC. The mean MLC for the organism test group appeared independent of the glycol type
(1,3-propanediol = 10.4% (v:v); and propylene glycol = 10.5% (v:v)).



The viability of Gram-positive bacteria, Staphyloccus aureus and Bacillus megaterium showed a
steeper slope than Gram-negative bacteria above a glycol concentration of 10%. Staphyloccus
aureus was completely eliminated (7 to 8-log reduction in viability) at 10% (v:v) 1,3-propanediol, or
11% (v:v) propylene glycol.



Reduction of cell viability for Gram-positive bacteria was more severe than for Gram-negative
bacteria. This result was unexpected based on previous reports that PG isolation agar (12% PG)
could be used for selection of Gram-positive bacteria (Olitzky and Mattley, 1967). Differences in
growth phase (solid-state versus submerged) was found to be the key difference for this effect.
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Table 1. Microorganisms and growth conditions.
Organism

Catalog #

Glycol
Utilization

Growth

Media

Gram
Stain

Bio
Safety
Level

Staphyloccus aureus sbsp. aureus

ATCC 6538

Neg.

37ºC aerobic

LB broth

Positive

2

Bacillus megaterium

ATCC 14581

Neg.

30ºC aerobic

LB broth

Positive

1

Escherichia coli

ATCC 8739

Neg.

37ºC aerobic

LB broth

Negative

1

Pseudomonas aeruginosa

ATCC 9027

Pos.

37ºC aerobic

LB broth

Negative

2

Klebsiella pneumoniae

ATCC 15574

Pos.

37ºC aerobic

LB broth

Negative

2

Enterobacter aerogenes

ATCC 13048

Pos.

30ºC aerobic

LB broth

Negative

1

Pseudomonas fluorescens

ATCC 13525

Neg.

26ºC aerobic

LB broth

Negative

1

Candida albicans

ATCC 10231

Neg.

25ºC aerobic

YM
broth

N/A
Fungi

1
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Table 2. Minimum Inhibitory Concentration (MIC) and Minimum Lethal Concentration (MLC) values for glycol inhibition testing. All observations were made in
triplicate for each glycol and each microorganism, and are reported as the mean for three observations. The coefficient of variance (CV), defined as the ratio of
the standard deviation,  to the mean, μ ((/μ)*100) for reported data was maintained less than 1%.
1,3-Propanediol, % v:v

Propylene Glycol, % v:v

Organism

Glycol
Utilization

MIC50

MIC90

MLC

MIC50

MIC90

MLC

Staphyloccus aureus sbsp. aureus

Neg.

8.2%

9.0%

9.2%

8.3%

9.6%

9.5%

Bacillus megaterium

Neg.

10.2%

11.0%

11.2%

8.0%

9.8%

10.4%

Escherichia coli

Neg.

7.2%

9.0%

9.5%

8.5%

9.0%

9.5%

Pseudomonas aeruginosa

Pos.

8.2%

9.0%

8.5%

6.5%

10.0%

10.0%

Klebsiella pneumoniae

Pos.

9.2%

10.0%

10.5%

5.0%

11.0%

11.0%

Enterobacter aerogenes

Neg.

9.3%

10.0%

13.0%

7.7%

11.0%

10.0%

Pseudomonas fluorescens

Neg.

7.0%

8.0%

9.0%

7.3%

8.5%

10.0%

Candida albicans

Neg.

7.6%

13.2%

12.3%

7.1%

11.0%

13.6%

Mean for group, % v:v

-

8.36%

9.90%

10.40%

7.30%

9.99%

10.50%

Std. deviation for group, % v:v

-

1.12%

1.61%

1.64%

1.14%

0.96%

1.34%
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Figure 1. Minimum Inhibitory Concentration (MIC) and Minimum Lethal Concentration (MLC) values for glycol inhibition testing of E. coli.
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Figure 2. Minimum Inhibitory Concentration (MIC) and Minimum Lethal Concentration (MLC) values for glycol inhibition testing of K. pneumoniae.
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Figure 3. Minimum Inhibitory Concentration (MIC) and Minimum Lethal Concentration (MLC) values for glycol inhibition testing of P. aeroginosa.
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Figure 4. Minimum Inhibitory Concentration (MIC) and Minimum Lethal Concentration (MLC) values for glycol inhibition testing of E. aerogenes.
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Figure 5. Minimum Inhibitory Concentration (MIC) and Minimum Lethal Concentration (MLC) values for glycol inhibition testing of P. fluorescens.
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Figure 6. Minimum Inhibitory Concentration (MIC) and Minimum Lethal Concentration (MLC) values for glycol inhibition testing of S. aureus.
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Figure 7. Minimum Inhibitory Concentration (MIC) and Minimum Lethal Concentration (MLC) values for glycol inhibition testing of B. megaterium.
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Figure 7. Minimum Inhibitory Concentration (MIC) and Minimum Lethal Concentration (MLC) values for glycol inhibition testing of C. albicans.
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DuPont Tate & Lyle Bio Products is a joint venture between DuPont, a global science company, and Tate &
Lyle, a world-leading renewable food and industrial ingredients company. DuPont Tate & Lyle Bio Products
provides natural and renewably sourced ingredients that do not compromise product performance. For more
information on the company’s products, visit www.duponttateandlyle.com.

Zemea® is a registered trademark of DuPont Tate & Lyle Bio Products LLC.
For additional information or samples, please contact:
DuPont Tate & Lyle Bio Products Customer Service
Telephone: 1-866-404-7933
On the web: www.duponttateandlyle.com

This technical product information is presented in good faith and is believed to be accurate and reliable as of the date of publication. DuPont Tate & Lyle Bio Products makes no
guarantee or warranty of any kind, expressed or implied, regarding the product or information contained herein. Purchaser assumes all risk and liability in acting on the information
provided herein. It is the sole responsibility of the Purchaser to determine whether Zemea® propanediol is appropriate and suitable for the Purchaser's specific use and, as required,
to obtain approval by appropriate regulatory authorities for such use. Statements concerning the use of Zemea® propanediol are not to be construed as recommendations,
suggestions, or inducements to use it in the infringement of any patent or in violation of any applicable laws or regulations. DuPont Tate & Lyle Bio Products disclaims any liability for
infringement of any patent by reason of customer's use of any products or information contained herein in combination with other materials or in any process.
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