
Non-traditional sweeteners (other than glucose and sucrose) are flooding the global western market and are found in a wide variety of foods today,

particularly in zero-calorie sugar substitutes (such as Equal, Sweet’ N Low, Splenda). Contradictory results have been observed from research

conducted on animals about the safety of these sweeteners-in some cases indicating the compounds as safe and in others, as causing cancer. In our

project, we sought to analyze the impact of ten different sugar substitutes (both artificial and natural)-maltitol, xylitol, sorbitol, acesulfame-K, lactitol,

monk fruit, stevia, cyclamate, sucralose, and erythritol on bacterial growth. In the first experiment, E. coli cells were grown on minimal media lacking

glucose but supplemented with the substitutes to determine the impact on growth. Bacterial cells were exposed to 0.4% of the compounds (0.4% is the

standard glucose concentration found in rich LB media) and grown on media plates at 37oC. Positive control included minimal media plates containing

glucose while the negative control included minimal media plates lacking any sugars. Experiments were done in triplicates. Growth was observed on

plates containing monk fruit, stevia and sorbitol 36-48 hours post streaking and no growth was observed in the presence of any of the other sweeteners

(even when incubated for 5 days). Robust growth was observed in the presence of glucose while no growth was evident in the negative control plates.

Our results indicate that bacteria are able to metabolize monk fruit extract (containing mogrosides), stevia extract (steviol glycosides

containing rebaudioside A), and sorbitol (a sugar alcohol) but are unable to grow in the other sugar substitutes. In our second experiment, we

conducted a dose-dependent profile to monitor bacterial growth at different concentrations of the sweeteners ranging from 0.1% to 1.0%. We observed

that while growth was strong in sorbitol even at low doses (0.1-0.3%), in stevia and monk fruit plates, growth was slow and sparse at that concentration

although with an increase in the incubation time, growth improved. All sweeteners showed ample growth at concentrations of 0.4% and above,

indicating that these are not toxic to the bacteria even at a dose of 1.0%. Our third experiment will involve monitoring the growth in liquid media and

getting quantitative values through spectrophotometry since the above experiments conducted on plates simply provide qualitative data. Considering the

enormous use of these sweeteners today, this study will provide useful findings that could have important implications for their continued usage. Of

particular concern would be the possibility of bacteria in the human gut and the oral cavity breaking these sweeteners down to metabolites that may

cause gastrointestinal discomfort or even changing the oral and/or human microbiome composition.
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● Grow bacteria in liquid cultures in the presence of stevia, monkfruit and 

sorbitol for 24 hours, collect the spent/conditioned media and re-seed the 

bacteria in this media to qualitatively determine the “richness” of 

compounds secreted by the bacteria when grown in alternate carbon 

sources

● Explore other sugar alternatives such as agave, maple syrup, yacon

syrup, tagatose, allulose, etc.
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• In the initial screen of 10 different sugar substitutes, only three 

compounds showed appreciable growth of bacteria- stevia, monkfruit

and sorbitol; minimal or no growth was observed in the others

• Stevia, monkfruit and sorbitol were further investigated in a time and 

dose dependent manner; at lower concentrations (< 0.8%), glucose 

was metabolized the best while at higher concentrations (> 0.8%), 

growth in sorbitol exceeded that in glucose 

• In an extended time period (growth for 24 hours, versus 12 hours), 

growth rate in sorbitol was 2-3 fold higher than that observed in stevia 

and monkfruit.

• Positive and negative controls worked as expected- no growth was 

observed in the absence of any sugar/sugar substitutes

• Our results indicate that the sugar alcohol- sorbitol is well utilized by 

bacteria for growth and that bacteria can adapt themselves to using 

this, in addition to the standard glucose carbon source.

Materials and Methods

Materials
● Bacterial culture: E. coli

● Sugar substitutes (SS): Acesulfame-K, sucralose, stevia extract, erythritol, 

xylitol, monkfruit extract, maltitol, sorbitol, lactitol, cyclamate (glucose as 

control)

Methods
● Cells were grown on minimal media plates, in the presence of the sugar 

substitutes @ 0.4% concentration for an initial screen

● Liquid cultures were analyzed for quantitative growth using 

spectrophotometry after selecting the optimal substitutes

● Time and dose responsive profiles were generated

Results (Growth on minimal media plates)
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Objective

To assess the impact of sugar substitutes on the growth of bacteria in a time

and dose-dependent manner.

Figure 8:

TOV 112D growth at absorbance 490 nm with control group (with glucose, without 

glucose) and various artificial sweeteners (Stevia Blend, Stevia Pure, Xylitol, Erythritol, 

Acesulfame Potassium, Sucralose, Monk fruit) at a 0.45% concentration. This 

treatment was with and without serum and it was done for a total of 72 hours. 

Discussion
Figure 1. Effect of sugar substitutes on bacterial growth: SS 

were used at a final concentration of 0.4%; glucose served as a positive 

control and no sugar as negative control; treatment was done in triplicates

Figure 2. Effect of sugar substitutes on bacterial growth: SS 

were used at a final concentration of 0.4%; glucose served as a positive 

control and no sugar as negative control; treatment was done in triplicates

Figure 3. Effect of varying concentrations of SS on bacterial 

growth:  SS were used at a concentration ranging from 0% to 1% and 

growth was monitored 12 hours post seeding; treatment was done in 

triplicates

Figure 4. Effect of varying concentrations of SS on bacterial 

growth:  SS were used at a concentration ranging from 0% to 1% and 

growth was monitored 12 hours post seeding; treatment was done in 

triplicates 

Figure 5. Growth of bacteria on minimal media plates: Cells were grown at different concentrations of the SS (0.1, 0.2, 0.4, 0.8 and 

1.0%). A: Stevia; B: Monkfruit; C: Glucose; D: sorbitol; images were taken 48-72 hours post plating.

Figure 6. Initial screen of the 10 sugar substitutes: Bacteria were grown on minimal 

media plates in the presence of 0.4% of the SS; images were taken 48-72 hours post plating. 0: no 

sugar/negative control; 1: Glucose/positive control; 2: Maltitol; 3: Xylitol; 4: Sorbitol; 5: Acesulfame-K; 

6: Lactitol; 7: Monkfruit; 8: Stevia; 9: Cyclamate; 10: Sucralose; 11: Erythritol
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