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RESULTS

Objective: (a) To assess the ability of membrane-active food

ingredients (10 compounds, known to have antimicrobial activity and act

on cytoplasmic membrane, were screened), to disrupt the desiccation

resistance mechanisms in S. enterica; and (b) assess the ability of a

selected membrane-active additive to inactivate S. enterica during milk

spray–drying and freeze–drying.

Hypothesis: Food ingredients that compromise cytoplasmic membrane 

of S. enterica, cause leakage of intracellular ions and osmoprotectants. This 

makes Salmonella sensitive to drying processing used in low–aw foods’ 

industry 

✓ Low–water activity (low–aw) foods have aw less than 0.85; and include 

nuts and nut products, honey, spices, dried fruits, and others (1).  

✓ The incidence of disease outbreaks linked to low–aw foods is mounting 

due to Salmonella enterica. The pathogen adapts and  survives well 

for extended periods in low–aw foods (2) and causes outbreaks.

✓ Proposed mechanisms of Salmonella survival include accumulation of 

osmoprotectant molecules such as trehalose and potassium ions. 

These mechanisms allow Salmonella to become desiccation-resistant.

✓ Food ingredients that are natural antimicrobials, and generally 

Regarded As Safe (GRAS) can compromise desiccation resistance in 

Salmonella and mitigate the pathogen in low–aw foods. 

1) Screening for potassium leakage using fluorescent probe: 
a)  Food ingredients were used at concentrations encompassing their minimum inhibitory   

concentration (MIC)  as reported previously or determined in the current study

b) Out of 10 antimicrobial food additives tested, carvacrol and thymol were the most capable of    

inducing potassium leakage in desiccation–adapted Salmonella Tennessee and Livingstone, as shown 

below by increasing fluorescence.

c)  Moreover, leakage of intracellular potassium could make the bacterium unable to survive the dry 

environment or during storage of contaminated low–aw food products. 

CONCLUSION
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Experiment:
•Potassium leakage

•Heat treatment
•Food application study (spray-drying and 

freeze drying of milk)

Freeze dryer

Spray dryer

2) Sensitizing desiccation–resistant Salmonella to heat treatment  

using select food additives at their MIC 

- Carvacrol and thymol were investigated at their MIC (200 and 100 ppm, 

respectively) in combination with heat treatment at 55°C for 15 min

- Combination of food additives with heat is more lethal (P < 0.05, causing 

more Salmonella population reduction) than applying heat individually

Treatment time Moisture 
content (%)

Salmonella
population (Log 

CFU/g milk 
solids)

Log CFU/g 

reduction
*

Control (0 ppm carvacrol) 

Time 0 85.86 5.6±0.0.05 0.0±0.00

After drying 4.67 5.3±0.21 0.3±0.26

1–day storage 0.25 5.0±0.07 0.6±0.02a
Carvacrol (200 ppm)

Time 0 85.86 6.1±0.51 0.0±0.00

After drying 4.67 5.9±0.17 0.2±0.34

1–day storage 0.25 5.2±0.53 0.9±0.02b

Carvacrol (500 ppm)
Time 0 85.86 6.6±0.02 0.0±0.00

After drying 4.67 6.1±0.02 0.5±0.00

1–day storage 0.25 5.3±0.13 1.3±0.10c

3) Spray drying experiment
Table 1. Inactivation of Salmonella Typhimurium ASD200 during spray–drying of milk with or without carvacrol.

* The reduction in Salmonella ASD200 populations was calculated in reference to the initial population before spray–drying. 

o Carvacrol at 200 or 500 ppm significantly 

(p < 0.05) decreased the viability of the 

desiccation–adapted Salmonella strain 

ASD200 in response to spray drying

o This antimicrobial effect was observed 

after 1–day storage of the spray–dried 

milk at room temperature 

o This findings prove that carvacrol 

sensitized the Salmonella strain to drying 

processing  

4) Inactivation of S. enterica in milk during freeze-drying

Key findings

o Carvacrol at different concentrations 

(200, 500, and 5000 ppm) was added 

into liquid milk before freeze–drying

o After Freeze drying: Compared to the 

carvacrol–free freeze–dried milk, 

samples with carvacrol at 5000 ppm 

decreased Salmonella Typhimurium 

population below the detection limit of 

the enumeration method, which was 3 

log CFU/g milk

✓ The natural antimicrobials, carvacrol and thymol, decreased 

desiccation resistance in S. enterica via induction of intracellular 

potassium leakage and this sensitized the pathogen to heat 

treatment at 55°C for 15 min.

✓ The presence of carvacrol during dehydrating liquid milk using 

freeze– or spray–drying increased the drying process lethality

✓ Carvacrol can be a potent additive to improve safety of low-aw foods
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