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ABSTRACT
During the last decade, probiotics have been gaining notoriety in complementary medicine and nutrition. Nonetheless, the food 
industry faces challenges in maintaining the required quantity of viable cells in products. The primary obstacle linked with 
probiotics in the food industry lies in their vulnerability to processing conditions, as high temperatures. In this study, the heat 
resistance of L. rhamnosus GG was evaluated upon various thermal stress conditions following pre-exposure to high 
temperature during cultivation, with the objective of innovating the formulation of new functional foods. The strain had two 
different growth temperature conditions: 37°C (non-exposure) and 45 °C (pre-exposure). To evaluate the heat resistance in both 
conditions, samples were exposed to high levels of heat challenge at 60, 80, and 100°C for durations of 1, 30, and 60 minutes. 
The results showed that heat pre-exposed strain had more resistance to thermal stress than heat non-exposed.This occurs 
because thermal exposure induces changes in bacterial metabolism, enabling them to adapt to the new challenging conditions. 
Due to its effective thermal resistance in probiotics, pre-exposure proves to be a beneficial strategy for the food industry.
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1 INTRODUCTION
Organizations, such as FAO and WHO, describe probiotics as living microorganisms that when administered in 

adequate amounts confer health benefits on their hosts1. During the last decade, probiotics have been gaining notoriety in 
complementary medicine and nutrition, supporting in the treatment of intestinal diseases, cancer, hypertension and 
hypercholesterolemia due to its capacity to modular the intestinal microbiota and enhance the immune system. In the era of 
functional foods, probiotics are consumable either by adding them to foods or beverages, such as dairy or non-dairy options, or 
by taking them as supplements2. Nonetheless, the food industry faces challenges in maintaining the required quantity of viable 
cells, which studies indicate to be the effective dose of 10^9 colony-forming units (CFU) per day3,4,. The primary obstacle linked 
with probiotics in the food industry lies in their vulnerability to processing conditions and their sensitivity to gastrointestinal (GI) 
stresses. 

Elevated temperatures represent a key stress factor during the production of various food items like biscuits and bread, 
where probiotics could be utilized. However, the restricted heat resistance of these microorganisms obstructs their integration 
into such foods. Exposure to high temperatures causes protein denaturation and subsequent aggregation, among other 
conditions, impacting the growth, metabolism, and functional attributes of probiotics5,6. Acquiring resistance to stress is a crucial 
physiological requirement for probiotic bacteria to survive heat7. Furthermore, Lacticaseibacillus rhamnosus GG belongs to the 
group of lactic acid bacteria (LAB), an established group of microorganisms that have risen as models for studying bacterial 
stress physiology. Several studies have shown that these bacterias have an adaptive tolerance response that has been 
instrumental in mitigating adverse effects and enhancing cell viability during subsequent sublethal challenges8,9,10,. These 
microorganisms employ diverse mechanisms, such as conserving cellular energy and altering the composition of the plasma 
membrane. This is facilitated by synthesizing molecules like chaperones, enzymes, antioxidants, and exopolysaccharides11,12.

The stress tolerance of LAB can be enhanced through genetic manipulation, pre-exposure to similar stresses 
(pre-adaptation), or adjustments to cultivation conditions13. Moreover, it has been noted that microorganisms resistant to specific 
stress factors can readily endure the effects of others (cross-adaptation) without compromising their physiological activity14,15. In 
this study, the heat resistance of L. rhamnosus GG was evaluated upon various thermal stress conditions following 
pre-exposure to high temperature during cultivation, with the objective of innovating the formulation of new functional foods.
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2 MATERIAL & METHODS

The probiotic strain was L. rhamnosus GG (DSM 33156). To perform pre-exposure to the thermal stress, the 
microorganism was incubated in Man Rogosa and Sharpe broth (MRS) for 24 hours. And it had two different growth 
temperature conditions: 37°C, the standard temperature growth, and 45°, following the methodology adapted17. Afterwards, cells 
were harvested by centrifugation at 4,500 rpm for 5 min and the cell pellet was homogenized with sterile saline solution 0,9% 
(w/v). Cell density (OD 595nm) was measured and cell viability was quantified by serial dilution of each sample in sterile 0.9% 
(w/v) saline solution and spreading them on MRS agar plates. The plates were then aerobically incubated at 37°C for 48 hours, 
and the colony-forming units per milliliter (CFU/mL) were counted to determine the viability. All the samples were lyophilized. 

 For evaluation of the heat resistance by pre-exposure to the thermal stress, 0,1g of lyophilized cells (pre-exposed and 
non-exposed) was resuspended in 0,9 ml of sterile saline solution and then exposed to high levels of heat challenge at 60, 80, 
and 100°C for durations of 1, 30, and 60 minutes, then cell resistance was determined after heat challenge. The results were 
expressed as a percentage of viable cells and the data were statistically compared between individuals pre-exposed and 
unexposed using Student's t-test, with a 95% confidence interval.

3 RESULTS & DISCUSSION

The results indicated that pre-exposed to 45°C during cultivation enhanced the heat resistance of L. rhamnosus GG. In 
the first minute at temperatures of 60°C and 80°C (Table 1), there was no significant difference between the two treatments 
(pre-exposed and non-exposed). This indicates that for processes found in the food industry, such as rapid pasteurization, the 
non-exposed strain can withstand rapid temperature-induced stress. However, pre-exposed samples showed statistically 
significant (p < 0,05) improvement at all time points at 100 °C and for 60 minutes at all temperatures, indicating enhanced 
resistance to thermal stress during subsequent exposures.This approach offers a straightforward and cost-effective solution for 
the food industry, ensuring that probiotic strains remain less affected during processes involving prolonged exposure to high 
temperatures, such as slow pasteurization and incorporation into functional products requiring oven baking.

Table 1 Viability (%) of heat pre-exposed (at 45 ºC) and non-exposed (at 37 ºC) L. rhamnosus GG under different temperatures (60, 80 e 100 
ºC) and times (1, 30 e 60 min) treatments to evaluate thermal resistance.                              

             Pre-exposed (at 45 ºC) Non-exposed (at 37 ºC)
1 min 30 min 60 min 1 min 30 min 60 min

60 °C 91,1% ±11,87 72,55% ±0,21 46,85% ±6,36 * 70,0% ±0,05 43,1% ±0,08 0% *
80 °C 51,55% ±0,21 57,8% ±2,12 * 47,55% ±9,12 * 38,7% ±0,07   0% * 0% *

100 °C 39,9% ±6,36 * 39,05% ±9,82 * 26% ±0,14 * 0% * 0% 0% *
 * means that there is a significant difference (P > 0,05) between pre and non-exposed samples by Student's t-test.

Figure 1 Viability (%) of heat pre-exposed (at 45 ºC) and non-exposed (at 37 ºC) L. rhamnosus GG under different temperatures (60, 80 e 100 
ºC) and times (1, 30 e 60 min) treatments to evaluate thermal resistance.                    
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As previously mentioned, pre-exposure of the microorganism to sublethal heat makes it more readily adaptable to 
thermal stress. Proteomic and transcriptome studies of LAB indicate alterations in metabolism upon exposure to thermal and 
acid stress15,16. These modifications result in the stimulation of additional energy production and a decrease in stress levels. A 
notable example of this is the increased expression of glycolytic enzymes without a concurrent rise in lactic acid production 
during thermal stress. They also enhance the synthesis of basic compounds (e.g., lysine and diacetyl/acetoin), energy-rich 
intermediates ( ATP and NADH), EPS, and/or glycogen7,11.

4 CONCLUSION
Pre-exposure to heat demonstrated efficacy in increasing the heat resistance of L. rhamnosus GG due to the metabolic changes 
that occur in these microorganisms during heat stress. Given its stability observed above 100 °C, further research is needed to 
validate its efficacy at even higher temperatures. This simple and effective method offers food industries an opportunity to 
develop novel food products for consumers.
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