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Abstract 

The new trend for low calorie products, triggered the search for natural alternatives to sucrose. The effect of 

replacing sugar by these new generation sweeteners on microbial growth was the purpose of the present work. 

Stevia, Steviol Glycosides and Tagatose were tested. This study was performed on gelatine and dextran 

medium, resulting in a heterogeneous protein-polysaccharide solid mixture, in contrast with a homogeneous 

gellified mixture with only dextran. Using the technique of viable plate counting, the growth curves at 20ºC of 

Salmonella Typhimurium and Listeria monocytogenes, were obtained. The Baranyi and Roberts model was 

fitted to the experimental data for growth parameter estimation. Confocal microscope observations on the 

heterogeneous system was performed to show phase separation of the media and to visualize the preferential 

phase for microbial growth.  For both media types the addition of Stevia resulted in both higher growth rates 

and cell densities, on the contrary, tagatose slowed and reduced the growth of the two pathogens. The addition 

of a second gelling agent had an effect on growth parameters and dynamics, confirming the effect of food 

structure on microbial growth. Introducing this information into mathematical models leads to more reliable 

predictions and enhances food safety.  
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Introduction 

Sugar has been a part of human life for many years. 
However, with the obesity epidemic and the 
increasing interest in foods with added benefits, 
natural and less caloric sweeteners are of particular 
interest to food technologists and food industry.1,2 
Generally referred to as high potency sweeteners, 
they present a much higher sweetening power than 
sucrose, at least 30 to 13000 times sweeter in taste, 
which allows for smaller portions to yield sugar like 
sweetness in food products.2,3  

Sugar or table sugar, is composed of 99.9% sucrose, 

a disaccharide combination of the monosaccharides 

glucose and fructose and provides 390 kcal per 100 

g of product.4 Recently, research evidence suggested 

that excess sugar consumption promotes the 

development of type 2 diabetes, cardiovascular 

disease or even cancer.5,6 Therefore, several natural 

alternatives are being considered as a substitution of 

sucrose. 

One of them is tagatose which was first described in 

1997. It is 92% as sweet as sucrose and in 1998, and 

a caloric value of 1.5Kcal/g  was approved by the 

Food and Drug Administration (FDA).7,8 This naturally 

occurring, simple sugar, has now been successfully 

formulated in a variety of products. In addition to its 

original use as a sweetener in foods, surprising new 

beneficial uses in health and medicine have been 

discovered, with no toxic manifestations.8 

Another possible replacement to sucrose is Stevia, a 

plant native to Paraguay and Brazil, which has been 

increasing in popularity in the last years.3 The sweet 

taste of its leaves is due to the presence of 

diterpenoid glycosides, which all contain a steviol 

aglycone. There are more than a dozen steviol 

glycosides (SGs) identified including stevioside and 

rebaudioside A. Stevia leaf powder with no 

processing is highly safe to use, calorie free, and 

around 20-30 times sweeter than sugarcane. No 

negative effects have been reported presenting an 

advantage over artificial sweeteners as an industrial 

ingredient. 9-11 

Food poisoning is a reality affecting millions of 

consumers around the world.12 Pathogens like 

Salmonella, Listeria or Escherichia. coli are spreading 

through the supply chain of several products like raw 
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milk, meat, poultry, eggs, cane mixes or salads.13 The 

substitution of sucrose by these new generation 

sweeteners may compromise the safety of the food 

products in question. Due to their high sweetening 

power, the concentration needed to achieve the same 

sweetness is very low.2 This difference in food 

composition can influence microbial growth and the 

products may be more susceptible to contamination. 

According to CDC’s statistics, only in the US 

Samonella causes one million illnesses, 

salmonellosis with 19000 hospitalizations and 380 

deaths, per year.14 It has been found in commercially 

prepared and packaged foods like cane mixes, cookie 

doughs, dinner rolls and also in coconut meal, salad 

dressing, mayonnaise, milk and many other foods.15 

Sources of contamination include water, soil, insects, 

kitchen surfaces, cross contamination, animal faeces, 

raw meats, raw poultry including eggs and raw sea 

foods.16  

Listeria monocytogenes is a Gram-positive food-

borne pathogen that is distributed in a wide variety of 

environments. Generally, strains grow between 1°C 

and 45°C under aerobic and facultative anaerobic 

conditions. Human infection may lead to a serious 

and potentially life threatening illness known as 

listeriosis.17 Per year it is estimated to cause 1600 

illnesses and 260 deaths in the US.18 Products such 

as raw milk, soft cheese, raw meat products and 

salads are frequently implicated as a source of 

Listeria contamination.19  

The growth of microorganisms in foods is affected by 

both intrinsic and extrinsic factors such as 

temperature, pH, water activity, presence of 

antibiotics or structure of the growth media.20 The 

concept of Predictive Microbiology gathers the 

knowledge on microbial behaviour as a function of 

environmental conditions and its translation into 

mathematical models.21 These growth predictions are 

useful tools in risk assessment, food process control 

and product design.22 

Several studies of microbial behaviour in liquid 

systems have been published and most predictive 

models are based on experimental data in this type of 

media. The application of these food models to 

predict microbial growth in structured food systems 

do not take into consideration the key role that 

composition and structure play on microbial growth. 
23 Food model systems that are able to mimic real 

foods are often used to study microbial behaviour 

under reproducible and controllable conditions. 

Plenty of studies in structured systems involving 

different gelling agents and target foodborne 

pathogens have already been conducted. However, 

most systems only handle one gelling agent, resulting 

in a homogeneous growth environment.24 Boons et al. 

(2014)24 studied the effect of different heterogeneous 

microstructures on the microbial dynamics of E. coli 

by performing growth experiments in phase-

separating protein-polysaccharide (gelatine-dextran) 

food model systems. It was concluded that the effect 

of the microstructure on microbial growth cannot be 

neglected when making predictions. Moreover, the 

introduction of stressing factors such as the presence 

of salt, increase the impact of the structure 

composition on the growth dynamics of the studied 

pathogens. 

For this reason, the impact of the introduction of novel 

sweeteners on the growth of foodborne pathogens 

should be studied in heterogeneous structured 

systems. 

The following research work pretends to elucidate 

about the effect of new alternative sweeteners on the 

behaviour of two well-known foodborne pathogens: 

Listeria monocytogenes and Salmonella 

Typhimurium. Two different types of media were 

used: a homogeneous media composed with only 

one gelling agent, dextran, a known component of 

several food products and a heterogeneous solid 

media with the introduction of a second gelling agent: 

Gelatine. Table sugar and two alternatives were 

tested: Commercial Stevia and Tagatose. Steviol 

Glycosides, the agent responsible for the sweetening 

potential in Stevia, was also tested. Based on the 

sweetening potential of each one of them as 

compared to table sugar, different concentrations of 

these sweeteners were used. Growth curves of the 

two microorganisms were obtained using viable plate 

counting technique. The Baranyi and Roberts’ 

(1994)25 predictive model was fitted to the obtained 

growth curves and the specific growth parameters 

were estimated. Additionally, Confocal Laser 

Scanning Microscopy (CLSM) was performed to 

verify the phase separation of the two gelling agents 

used and which part was preferred for microbial 

growth.  

Materials and Methods 

The experimental work was entirely developed at BioTeC+ 

- Chemical and Biochemical Process Technology and 

Control, Department of Chemical Engineering, KU Leuven, 

Belgium under the supervision of Professor Jan Van Impe.  

Microorganisms and pre-culture conditions 

The growth experiments were performed with Salmonella 

enterica serovar Typhimurium SL1334, provided by The 

Institute of Food Research (IFR), Norwick, UK and Listeria 

monocytogenes LMG13305. TSB (Tryptone Soya Broth – 

Oxoid, LTD, Basingstoke, Hampshire, England) medium 

was used for the pre-culture experiments, consisting of 17.0 

g/L of pancreatic digest of casein, 3.0 g/L of enzymatic 

digest of soya bean, 5.0 g/L of sodium chloride, 2.5 g/L of 

di-potassium hydrogen phosphate and 2.5 g/L of glucose. 
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In the experiments with L. monocytogenes every medium 

was supplemented with 0.6% (w/v) of granulated yeast 

extract (Merck, Germany). 

From a stock culture, stored at -80°C, bacterial cells were 

streaked on an agar plate and allowed to grow for 2 days at 

room temperature. The preculture was prepared by 

transferring a colony from the previous plate into a sterile 

Erlenmeyer containing 20.0 mL of TSB for S. Typhimurium 

and TSBYE (with yeast extract) for L. monocytogenes. After 

8.30h in an incubator at 37°C (BINDER) for S. Typhimurium 

and at 30ºC (BINDER) for L. monocytogenes, 20.0 µL of the 

suspension were transferred into 20.0 mL of fresh TSB and 

incubated for 15h under the same conditions. After this pre-

culture, 900.0 µL of the suspension were centrifuged 

(5810R, Eppendorf) for 10 minutes, at 4ºC and at 7500 rpm. 

The supernatant was discharged and the pellet was 

washed with 900.0 µL of TSB without dextrose and 

centrifuged again under the same conditions. After 

discharging the supernatant, the suspension was 

centesimally diluted four times in TSB without dextrose to 

achieve an initial cell density of 103 CFU/mL. The obtained 

cell suspension is used to inoculate as the pre-culture for 

the growth tests. 

Medium preparation and experimental setup for growth 

tests 

Several combinations of media and sweeteners were 

tested. For studies with S. Typhimurium and L. 

monocytogenes dextran medium and a combination of 

gelatine and dextran were tested with the four different 

sweeteners under study. These sweeteners and their 

corresponding concentrations were: table sugar (Tiense 

Suikerraffinaderij®; Belgium) 15.00% (w/v) and commercial 

Stevia (Pure Vie®) 1.50% (w/v), both purchased at the local 

market;  a mixture of steviol glycosides, obtained from 

Bioengineering Technology TC (Technology Campus 

Ostend, KU Leuven) 0.05% (w/v), and  tagatose 7.50% 

(w/v), kindly provided by the Department of chemistry-

biochemistry, KaHo Sint-Lieven (KU Leuven). The control 

samples have the same composition without the addition of 

any sweetener. All media were based on powdered TSB 

without dextrose (TSBdf, Blecton, Dicksons and Company, 

Sparks, MD 21152 USA) 2.75% (w/v) for S. Typhimurium 

and TSBYEdf 2.75% (w/v) for L. monocytogenes. For the 

homogeneous media, TSBdf/TSBYEdf were supplemented 

with one gelling agent, 5.0% Dextran (from Leuconostoc 

spp, SIGMA-ALDRICH, Denmark) and enriched with the 

respective sweetener. For the heterogeneous solid 

structured media, a mix of Dextran 5.0% (w/v), and a 

second gelling agent, Gelatine 5.0% (w/v) (from bovine 

skin, SIGMA-ALDRICH, Denmark). 

The mix of media, gelling agents and sweeteners was 

dissolved in sterile distilled water and was kept 10 min in a 

water bath (Grant) at 70 ºC to melt the gelling agents. Then, 

the medium was filter-sterilized using a 0.20 µm pore-size 

sterile micro-filter (Filtropur S 0.2, Sarstedt, Germany) with 

the aid of a sterile syringe (10 mL). Once the temperature 

of the media was about 37°C, it was inoculated and 

homogenised to obtain an initial cell density of 103 CFU/mL. 

Next, sterile glass screw-cap tubes were filled with 1 mL of 

inoculated medium and incubated at 20 °C (Termaks Inc.). 

At different time intervals, two test tubes are removed from 

the incubator and melted at 37°C. 3 drops of 20.0 µL of 

each tube are plated in TSA (Tryptone Soya Agar – Oxoid, 

LTD, Basingstoke, Hampshire, England) plates to 

determine viable plate count. TSA contains 15.0 g/L of 

pancreatic digest of casein, 5.0 g/L of enzymatic digest of 

soya bean, 5.0 g/L of sodium chloride and 15.0 g/L of Agar. 

Confocal microscopy: sample preparation and image 
analysis 

Preparation of the mixtures for the confocal microscope 

samples was performed in the same way as for the growth 

experiments and were based on the procedure performed 

by Boons et al. (2014)24 For this study strains of S. 

Typhimurium and L. monocytogenes were used, 

expressing GFP protein, elaborated and kindly provided by 

Burke et al. (2008)26 and by Andersen et al. (2006)27, 

respectively. Before filtration of the media, 30 µL of a 0.01% 

(w/v) Rhodamine B-solution (R953, Aldrich, Germany) was 

added to stain the gelatine phase. The media was 

supplemented with antibiotics: 100 µg/mL of Kanamycin for 

S. Typhimurium and for L. monocytogenes, Erythromycin 

and Nalidixic were used at a final concentration of 10 μg/mL 

and 100 μg/mL, respectively. After inoculation, well 

chambers (Open µ-Slide with 8 independent wells, with a 

polymer coverslip, tissue culture treated and sterile, ibidi®) 

were filled with 300 µL of the mixture and incubated at 20ºC. 

After around 40 hours images were taken with a 

commercial laser scanning microscope (FV 1000, Olympus, 

X60 magnification).  

Estimation of growth parameters 

The growth model of Baranyi and Roberts (1994)25 was 

fitted to the obtained growth curves from S. Typhimurium 

and L. monocytogenes and the model parameters were 

estimated, from the set of experimental data. These 

parameters were estimated and graphical illustrations were 

generated using Matlab® R2014a (The MathWorks, Inc., Natick, 

MA). By application of the Isqnonlin outline with the 

Levenberg-Marquardt optimization algorithm from the 

Optimization Toolbox, the sum of squared errors (SSE) 

were minimized. From the Jacobian matrix calculated, 

standard errors of each parameter were obtained.  

Results and Discussion 

Two gelled media were used for the tests: a) a 

dextran-based homogeneous medium and b) a 

gelatine-dextran-based heterogeneous medium. The 

introduction of sweeteners in both growth media had 

an effect on the maximum specific growth rate, on the 

lag phase and on the final cell concentrations 

achieved for the two studied pathogens. 

Effect of novel sweeteners on the growth of S. 

Typhimurium  

In Figure 1 are presented the experimental growth 

curves of S. Typhimurium and the fit of Baranyi and 

https://www.kuleuven.be/wieiswie/en/unit/52469949
https://www.kuleuven.be/wieiswie/en/unit/52469949
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Roberts. The growth parameters resultant from this fit 

are represented on Table 1 and Figure 2. 

Lag phase durations and maximum growth rates: 

Observing the growth curves on Figure 1 a) and b) it 

is evident that the most different curve is the one in 

red, correspondent to the addition of tagatose. Table 

1 show the values of lag phase resultant from the 

fitting of the model. In the homogeneous system, 

longer lag phases are achieved with the addition of 

table sugar, tagatose and stevia. For the control and 

SGs samples no lag phase was reported. It is, 

however, important to consider the high standard 

error associated with this parameter. In the case of 

the heterogeneous system, the longest lag phase is 

achieved in the presence of sugar which means a 

longer adaptation to the medium conditions. 

As a general appreciation, the rise on the sweetener 

concentration seems to increase the lag phase 

duration. The presence of a sweetener in the medium 

results in a longer adaptation of the microorganism to 

the environment. Regardless the structure of the 

medium, the presence of sugar seem to cause a 

longer adaptation of Salmonella. This can possibly be 

explained by the decrease on water activity resultant 

from the presence of sucrose.28 

In Figure 2 – left, a comparison between the 

maximum specific growth rate (µmax) for all 

sweeteners and the control in both types of media are 

represented. The introduction of stevia resulted in the 

higher values of this parameter for both types of 

media as compared to control. The addition of steviol 

glycosides (SGs) and sugar had approximately the 

same effect on the growth rate of Salmonella. 

However, for the heterogeneous medium, the 

increase in the growth rate, as compared to the 

control, is more pronounced. Finally, the lowest 

values are achieved with tagatose. In contrast to the 

remaining sweeteners it has the ability to slow down 

Salmonella’s growth rates, regardless the medium 

type. This decrease is the most significant difference 

between all the sweeteners. 

Population maximum growth capacity: 

Regarding the Nmax for both types of media the same 

results were obtained. Stevia was the only sweetener 

inducing a higher cell growth. The presence of SGs, 

tagatose and sugar resulted in lower cell densities. 

The different impact of SGs and stevia is a curious 

result. SGs are the main component of stevia, 

however, the commercial version of this sweetener 

(Pure Via™ Stevia)29 includes eritritol or maltodextrin 

as bulking agents, cellulose extract and natural 

flavour enhancers. Possibly, one of this ingredients is 

the responsible for the difference in cell densities 

between stevia and SGs.  

Combining the results of all growth parameters, the 

effect of the sweetener had more impact in the more 

complex medium, the two phase gelatine-dextran. 

The presence of a second gelling agent affects the 

rheology of the medium.30 As such, the diffusion of 

nutrients and gases to the colonies and the 

accumulation of metabolites results in slower and less 

growths. Moreover, the additional stressing factor of 

the introduction of the sweetener enhances the 

microstructural effects. 

In short, tagatose show interesting results, as far as 

its presence slows down and reduces the growth of 

S. Typhimurium. On the other hand, the presence of 

Stevia show the opposite effect, enhancing and 

speeding up the growth.

 

        

Figure 1 - Growth curves of S. Typhimurium in 2.75% (w/v) of TSB dextrose free at 20ºC in a) homogeneous medium with 5.0% 

(w/v) of Dextran; b) heterogeneous medium with 5.0% (w/v) of Dextran, 5.0% (w/v) of Gelatine; both enriched with different 

sweeteners: Steviol Glycosides 0.05% (w/v) - Yellow; Stevia 1.50% (w/v) - Green; Tagatose 7.50% (w/v) – Red; Table Sugar 

15.00% (w/v) – Blue and the control in black. Symbols correspond to experimental data and lines to the fit of Baranyi and Roberts 

model (1994). 

a) b) 
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Table 1 - Lag phase duration (L0 (h)) from the Baranyi and Roberts’s model (1994) for S. Typhimurium in dextran-based 
homogenous medium and in a gelatin-dextran-based heterogeneous medium enriched with different sweeteners (% w/v) at 20°C 
and the respective standard error 

Figure 2 - Comparison of maximum specific growth rate (µmax (1/h)) – LEFT - and the maximum cell concentration (Nmax 

(Ln(CFU/mL)) – RIGHT -  of S. Typhimurium in a homogeneous medium – fill bars and in a heterogeneous medium – stripes bars. 

The color code is as follows: Control – Grey; Steviol Glycosides 0.05% (w/v) - Yellow; Stevia 1.50% (w/v) - Green; Tagatose 

7.50% (w/v) – Red; Table Sugar 15.00% (w/v) – Blue

Effect of novel sweeteners on the growth of L. 

monocytogenes  

The growth curves of Listeria are represented on 

Figure 3 and the growth parameters resultant from 

the fit of the model on Figure 4 and Table 2.  

Lag phase durations and maximum growth 

rates: 

For the dextran-based medium, the longest lag 

phase is achieved with the addition of SGs. On the 

contrary, the shortest lag phase is observed with 

tagatose. In comparison with control results, only 

these two conditions show alterations in this 

growth parameter. In the homogeneous system, 

for every sweetener tested, no lag phase was 

reported. Therefore, Listeria presents a fast 

adaptation in this type of medium in the presence 

of all sweeteners despite their concentration. 

Observing the growth curves, all present the same 

behavior for each type of media studied. Once 

more, the curve in red – tagatose is the most 

different in figure 3.a). None the less, if compared 

a) and b) it is obvious that for the heterogeneous 

case the slope is less accentuated, which are 

translated into lower values of µmax. This can be 

verified on Figure 4 - left. The presence of SGs 

results in higher values of µmax as compared to the 

control on both cases. Also, the addition of stevia 

causes an increase in this parameter but only in 

the heterogeneous medium. For the remaining 

sweeteners tested the effect is the opposite, 

presenting lower µmax.  

In the heterogeneous case, the specific growth 

rates are, in general, lower than the homogeneous 

case. Possibly due to the medium constraints of 

nutrient and gas flow, the growth trends to be 

slower. Another interesting result is that, the 

higher the sweetener concentration, the slower 

the growth. Therefore, the presence of tagatose 

and sugar, slows down the growth of Listeria.  

Population maximum growth capacity: 

All sweeteners induced an increase in the Nmax. In 

the homogeneous system, however, the presence 

of SGs resulted in lower cell densities. As for the 

remaining sweeteners, their addition caused no 

significant increase in final cell concentration as 

compared to control conditions. Although there is 

more grow in both types of media, in the 

heterogeneous one this increase is more 
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significant. The highest raise in cell density is 

achieved in the presence of stevia.  

As a general conclusion, when increasing the 

sweetener concentration the maximum specific 

growth rate was reduced in both types of media. 

Regardless the medium complexity, the 

sweetener that had the highest impact on 

Listeria’s growth was SGs. For both tested 

systems, higher values of µmax were reported, 

even being in the lowest concentration. On the 

contrary, the presence of tagatose and sugar 

reduced the µmax both in homogeneous and 

heterogeneous systems. Changes in the water 

activity and in pH can be the reason for these 

differences in growth behaviour. Wilson et al. 

(2002)23 and Meldrum et al. (2003)30 tested the 

effect of sucrose and pH on the growth dynamics 

of L. monocytogenes. The presence of sucrose 

lowered the water activity, resulting in slower 

growths. The factors of low pH and increasing 

concentration of sucrose inhibited the growth of 

this pathogen. Moreover, these effects were more 

pronounced in the structured medium than in 

liquid.  

The introduction of all sweeteners considerably 

enhanced the growth, particularly stevia. These 

higher cell densities may indicate that, for Listeria, 

these sweeteners were used as a source of 

energy. Their metabolization is slower but in the 

end the cell concentration increases.  

The two studied pathogens had different 

responses to the presence of these sweeteners in 

their growth medium. S. Typhimurium showed 

more vulnerability towards these alterations than 

L. monocytogenes. One possible reason for this 

different behaviour may reside on cell wall’s 

composition. Listeria, being a Gram-positive 

bacteria has a thicker LPS wall which makes it 

more resistant to several stressing conditions31. 

Assuming a possible decrease in water activity 

with the presence of these sweeteners, the 

osmotic pressure inside the cell increases. Most 

Gram-negative tolerates a minimum aw of 0.97 

and for most Gram-positive this value is lower, 

0.915. Therefore, changes in water activity have 

more impact on Gram-negative bacteria. In the 

present study, the influence of the sweetener’s 

concentration on water activity was not assessed, 

however the effect of sucrose is already known28. 

To confirm this hypothesis, water activity 

measurements should have been performed.  

 

  

 

 

 

       

Figure 3 - Growth curves of L. monocytogenes  in 2.75% (w/v) of TSB dextrose free supplemented with 0.6% (w/v) of yeast extract 

at 20ºC in a) homogeneous medium with 5.0% (w/v) of Dextran; b) heterogeneous medium with 5.0% (w/v) of Dextran, 5.0% (w/v) 

of Gelatine; both enriched with different sweeteners: Steviol Glycosides 0.05% (w/v) - Yellow; Stevia 1.50% (w/v) - Green; 

Tagatose 7.50% (w/v) – Red; Table Sugar 15.00% (w/v) – Blue and the control in black. Symbols correspond to experimental 

data and lines to the fit of Baranyi and Roberts model (1994). 

a) b) 
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Figure 4 - Comparison of maximum specific growth rate (µmax (1/h)) – LEFT - and the maximum cell concentration (Nmax 

(Ln(CFU/mL)) – RIGHT -  of L. monocytogenes in a homogeneous medium – fill bars and in a heterogeneous medium – stripes 

bars. The color code is as follows: Control – Grey; Steviol Glycosides 0.05% (w/v) - Yellow; Stevia 1.50% (w/v) - Green; Tagatose 

7.50% (w/v) – Red; Table Sugar 15.00% (w/v) – Blue

Table 2 – Lag phase duration (L0 (h)) from the Baranyi and Roberts’s model (1994) for L. monocytogenes in dextran-based 

homogenous medium and in a gelatin-dextran-based heterogeneous medium enriched with different sweeteners (% w/v) at 20°C 

and the respective standard error

As a general conclusion, the presence of tagatose 

and sugar reduced the µmax both in homogeneous 

and heterogeneous systems. On the contrary, 

stevia and SGs speeded up the growth rate of 

Listeria even being in the lowest concentration. 

Nevertheless, the presence of all sweeteners 

resulted in an enhancement of the growth of this 

pathogen. In line to what was concluded for S. 

Typhimurium, the impact of the presence of the 

sweeteners is more pronounced in the 

heterogeneous medium.  

Confocal Laser Scanning Microscopy 

The first purpose of using this technique was to 

verify if the introduction of gelatine in the system 

induced media separation to create a 

heterogeneous system. Another interesting point 

of using this technique was to observe which part 

of the media, dextran or gelatine, was preferential 

for the pathogens to grow. For that, several 

combinations were prepared including cells 

incubated on the same day of the microscopy 

observations and other with cells already in 

exponential phase. From this experiment not clear 

images were obtained, it wasn’t even possible to 

see phase separation of the media.  

Similar studies with confocal microscopy were 

performed by Boons et al. (2014)24 in which a 

gelatine-dextran system was tested.  The study 

was performed with E. coli cells, under similar 

conditions as this one except for the addition of the 

sweeteners. It was found that the microorganism 

prefers the dextran phase to grow. In the 

gelatine/dextran mixtures presented by these 

authors, the Ip (isoelectric point) of gelatine is 

exceeded resulting in a negatively charged 

protein. It is also mentioned a negative charge on 

E. coli’s cell surface which may cause electrostatic 

repulsion with the gelatine part and may be the 

reason for the dextran preference. Being both 

gram-negative bacteria and taking into account 

only the cell wall composition, it can be expected 

a similar behaviour for S. Typhimurium.32,33 

Nevertheless, this experiment should be repeated 

to draw actual conclusions.  
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1.88 ± 1.37 0.00 ± 3.55 0.77 ± 3.24 0.00 ± 3.52 0.00 ± 2.75 
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Conclusion 

The ultimate goal to be achieved in the present 

work was to study whether the replacement of 

sucrose by an alternative low calorie sweetener 

would have an impact on microbial growth, by 

studying the growth of two foodborne pathogens: 

Listeria monocytogenes and Salmonella 

Typhimurium. This study was performed in two 

types of structured media, a homogeneous gelled 

medium with dextran and a two-phase 

heterogeneous solid medium with gelatine and 

dextran.  

Microbial growth in structured systems forces the 

cells to grow as colonies, immobilized in the 

matrix. This type of growth subjects the cells to 

more variable conditions as the transport of 

metabolites and nutrients takes place mainly 

through diffusion. The presence of two gelling 

agents increases the complexity and the 

rheological properties of the medium30. This 

microstructure effect was observed for both 

microorganisms as slower growths were obtained 

in the gelatine-dextran-based system as 

compared to the homogeneous medium, in which 

the constraints previously mentioned for colony 

growth are less pronounced. The two 

microorganisms reacted differently to the 

sweeteners’ presence. S. Typhimurium showed to 

be more vulnerable towards these alterations than 

L. monocytogenes. The fact of being a Gram-

positive bacteria makes Listeria more resistant to 

these media changes. 

When considering the replacement of sugar by 

these novel sweeteners in food products, their 

effect on microbial growth should be taken into 

account. Thereby if the growth is enhanced, this 

replacement may not be ideal. SGs are the 

components responsible for the sweetening 

potential of stevia, and therefore a combined 

effect of both on microbial growth is expected in 

the presence of this last. The introduction of stevia 

resulted in enhanced growth of both studied 

pathogens, however this enhancing potential was 

not due to the SGs since its presence led to lower 

cell densities. For both pathogens, the growth is 

slower in the presence of tagatose. With Listeria, 

however, higher cell densities were reached in the 

presence of this sweetener. Nevertheless, in 

comparison with the values obtained with sugar, 

tagatose induced less growth. With this in mind, it 

can be concluded that, for the studied conditions, 

the safest sweetener to replace sucrose is 

tagatose. 

The different structure of the growth media also 

influences the growth of these two pathogens. 

Media complexity was shown to increase the 

influence of the presence of external stress-

inducing components such as salt24. The results 

obtained show an enhanced effect of the presence 

of the sweeteners in the most complex media. The 

constraints resultant from the microstructure allied 

to the sweetener’s effect constitutes an extra 

stressing factor, conditioning microbial growth. 

The present study emphasizes that the effect of 

the replacement of sucrose by these novel 

sweeteners on microbial growth cannot be 

neglected. Additionally, the microstructure 

environment resultant from the introduction of 

gelling agents also plays an important role in the 

growth behaviour of these pathogens. This study 

is a step forward to the elaboration of more reliable 

food models allowing an effective design of food 

safety assurance systems. 

Future Perspectives 

Further experiments should be performed to 

provide more information on the present subject. 

Since the effect of sucrose in decreasing the water 

activity has already been acknowledged, it would 

have been interesting to see the impact of these 

novel sweeteners in this parameter. Also, the 

addition of the sweeteners could have influence 

on the pH of the medium. Therefore, pH measures 

during the growth of these microorganisms should 

be included in future experiments. The impact of 

these sweeteners on the metabolism of the 

studied pathogens would also be interesting to 

understand. Transcriptomics and proteomics 

analysis would elucidate about what types of 

genes/proteins were being expressed under these 

conditions and if these responses are related to 

the inhibition or enhancement of bacterial growth. 

Microbial growth at refrigerating temperatures 

(4ºC) should also be considered, since several 

sweetened food products, such as ice creams or 

creamy deserts, are stored in these conditions. 

The viability of Listeria at low temperatures 

remains a problem in food preservation and long 

transportations17,31.  

Additionally, the studies with confocal laser 

microscopy need to be repeated to draw precise 

conclusions. The knowledge of whether the 

microorganism preferentially grow on dextran or 

gelatine and the influence of introducing novel 

sweeteners on that tendency would be an 

interesting asset to this work. As a complementary 

study, the influence of these sweeteners should 

be tested with different ratios of gelatine and 
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dextran. The complexity of the studied systems 

should be increased to obtain more reliable growth 

predictions and trustworthy food models.  
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