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ABSTRACT:  

Introduction: Acute watery diarrhea is a major problem especially in the paediatric population. Heat attenuated 

probiotics is a widely known therapeutic option with numerous health benefits. But evidences suggest that altered 

storage condition can alter the cell membrane integrity of heat attenuated probiotics, no studies have evaluated the 

efficacy of heat attenuated probiotics in diarrhea condition and simultaneously evaluated the impact of different 

storage conditions on anti-diarrheal efficacy of heat attenuated probiotics. 

Objectives: The current research evaluated the anti-diarrheal efficacy of heat attenuated Lactobacillus rhamnosus 

stored in different storage conditions. 

Methods: Heat attenuated probiotic was stored at 25°C ± 60% RH and 40°C ± 75% RH for 12 months. At baseline, 

months 6 and 12, representative samples from the storage conditions were collected and evaluated for anti-

diarrheal efficacy. Male Albino Wistar rats (n=64) were randomised into groups to receive either saline, 

loperamide, or representative samples of heat attenuated probiotics at different storage conditions. Following 

diarrhea induction by castor oil, rats were evaluated for onset of diarrhea, number and weight of diarrhea faeces, 

and GI transit length using charcoal meal test.  

Results: Heat attenuated probiotics and loperamide therapy significantly reduced diarrhea onset duration, total 

number and mass of diarrhea faeces, and intestinal transit length compared to disease group with loperamide group 

showing better efficacy than the heat attenuated probiotics group. Efficacy was reduced with therapy of heat 

attenuated probiotics stored at 25°C for 6 and 12 months by 31.20% and 38.26%, and that stored at 40°C for 6 

and 12 months by 35.61% and 43.55%, respectively, compared to heat attenuated probiotics therapy stored at 

baseline condition. Similar results were observed for all evaluated parameters. 

Conclusions: The results of this study shows that heat attenuated probiotics can be considered as effective measure 

for the management of acute watery diarrhea. The study also highlights the importance of optimal storage 

condition for maintaining the cell membrane integrity of heat attenuated probiotics that have direct influence on 

its overall efficacy. 

 

1. Introduction 

Diarrhea is defined as the passing of three or more 

loose/liquid stools per day leading to increased stool 

frequency, high fluid level in stools, and rapid 

dehydration and malabsorption of nutrients (1,2). 

Diarrhea is considered a major health concerns 

negatively affecting the quality of life (3,4). Among the 

various patient population, the pediatric age group are the 

most sensitive population for developing diarrhea and 

hence have the highest prevalence rate (3). With ~1.6 

million deaths every year, diarrhea is a major cause of 

global mortality and morbidity (5). Numerous factors are 

linked with the development of diarrhea condition (6,7). 

Trillions of micro-organisms reside in the human 

gastrointestinal tract (GIT) that plays important role in 

maintaining the normal health of the individual (1,8). Gut 

dysbiosis leads to the reduction of friendly microbes and 

increase of pathogens (1,8). Numerous evidences have 
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highlighted gut dysbiosis as a major cause to various 

GIT-related disease conditions, including diarrhea (1). 

Dysbiosis leads to intestinal barrier disruption and 

damage of intestinal integrity, that leads to increased 

absorption of pathogenic toxins, reduced formation of 

beneficial compounds (like short-chain fatty acids 

(SCFAs)), and increased level of intestinal inflammation 

(9,10). Altogether, gut dysbiosis causes alteration of the 

intestinal permeability, leading to more water release in 

the intestinal lumen and reduced water reabsorption 

leading to diarrhea (9,10). 

The current treatment options for diarrhea primarily 

includes pharmacological approaches, including oral 

rehydration salts (ORS) to regain lost fluids and 

electrolytes (11–13). Agents such as loperamide and 

racecadotril are also used to normalize the frequency of 

bowel movements. Antibiotic therapy is opted in case of 

bacterial infections as cause of diarrhea. Probiotics are 

one of the treatment options that are gaining traction for 

use in diarrhea condition as these therapies are capable to 

reduce gut dysbiosis and promote gut eubiosis (1,8,14). 

Probiotics are viable microorganisms that confers health 

benefits. In diarrhea condition, probiotics belonging to 

the Lactobacilli, Bifidobacterium, and Saccharomyces 

genera are widely studied (1,2,8). Numerous studies have 

demonstrated that probiotics are safe therapy and can be 

utilized in various health conditions (15,16). Considering 

special patient population like immunocompromised 

patients and patients with high risk to develop infections, 

probiotics therapy requires utmost caution considering 

the ability of probiotics to invade the systemic circulation 

and provoke abnormal immune activity (17,18). 

Postbiotics are probiotics-derived products that have 

healthy benefits (19). Currently, probiotic-derived 

metabolites (including SCFA and other nutrients), 

probiotic cellular fragments (including 

exopolysaccharides and probiotic lysates), and whole 

dead probiotic cells (also known as paraprobiotics and 

ghost probiotics (ghostbiotics)) are the postbiotics 

available (19,20). Postbiotics are better alternatives to 

probiotics in a number of ways, such as better and 

consistent production yield, predictable safety in special 

patient population, no risk of resistance or mutations, and 

ease of use for product development with other useful 

ingredients (19). Heat attenuated probiotics is one of the 

attractive postbiotic therapeutic approach which is 

gaining traction for development and use in clinical 

practice. The mechanism of action of heat attenuated 

probiotics are different compared to live probiotics. In 

case of live probiotics, the colonization of the probiotics 

in the GIT occurs and further leads to the release of 

various compounds that are responsible for the beneficial 

effects, while in case of heat attenuated probiotics, the 

major focus is given to maintain the integrity of the 

probiotic cell membrane which contains various 

components (like lipoteichoic acid) that are responsible 

for the beneficial effects (17,18,21). From this notion, it 

can be stated that the heat attenuated probiotics’ cell 

membrane integrity is very crucial and is required to be 

maintained throughout shelf life period for desired 

therapeutic benefits. Among the numerous determinants, 

storage condition is an important determinant that have 

effect on the cell membrane integrity of heat attenuated 

probiotics. While numerous studies have shown that 

storage conditions have direct impact on the cell 

membrane integrity, studies evaluating the effect of 

different storage conditions on the anti-diarrheal efficacy 

of heat attenuated probiotics is lacking. 

2. Objectives 

The current study aimed to investigate the efficacy of 

heat attenuated probiotic Lactobacillus rhamnosus in 

experimentally induced diarrhea. We also investigated 

the effect of different shelf-life storage conditions and 

duration on the anti-diarrheal efficacy of heat attenuated 

probiotics. The results can help identify the heat 

attenuated probiotics as an attractive treatment option for 

the management of diarrhea condition and also provide 

insights into the importance of optimal storage 

conditions for maintaining the desired therapeutic 

efficacy throughout shelf life period.  

3. Methods 

3.1. Investigational probiotic procurement and 

storage 

The investigational heat attenuated probiotic L. 

rhamnosus was kindly provided by Sundyota Numandis 

Probioceuticals Pvt. Ltd. (Ahmedabad, India). The brief 

manufacturing process involved the initial growth of L. 

rhamnosus seed culture in growth medium followed by 

batch fermentation. The biomass obtained by batch 

fermentation was then heated at optimal temperature for 

brief duration to form the heat attenuated probiotic 

biomass. The obtained biomass was then centrifuged and 

spray-dried to form the heat attenuated probiotic powder. 
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The powder was stored in aluminium bags at -20°C. The 

initial strength of the heat attenuated probiotic was 300 

billion cells per gram powder. The heat attenuated 

probiotic was analysed for its strength by flow cytometry 

method and then transferred in different aluminium bags. 

The bags were then stored at 25°C with 60% relative 

humidity (RH) and 40°C with 75% RH for 12 months. 

For evaluating the anti-diarrheal efficacy, representative 

sample of the heat attenuated probiotic from particular 

storage condition and duration were collected and stored 

at -20°C to prevent any cellular membrane damage. 

Following the entire storage duration and collection of 

sample from each storage condition and duration 

(baseline and months 6 and 12), the anti-diarrheal 

efficacy was evaluated as per the procedure described in 

the following sections. 

3.2. Experimental animals 

Healthy adult male Wistar rats (150-250 gm) were 

obtained from K.B. Raval College of Pharmacy (Gujarat, 

India). The animals were housed in propylene cages at 

24°C ± 4°C with 12h light/dark cycle. The access to 

standard chow diet and water was free to all the rats and 

one week acclimatization period was considered for 

baseline stabilization. The entire study procedure was 

reviewed and approved by the ethics committee of the 

K.B. Raval College of Pharmacy (Gujarat, India) 

(Proposal No.: KBRCP/2025/11/03). 

3.3. Experimental procedure 

After the acclimatization period, rats were fasted for 

overnight with free access to water. Following fasting, 

rats were randomized in eight groups with 8 animals per 

group. The groups were as follows, normal control (NC), 

disease control (DC), standard control (SC), heat 

attenuated probiotic at baseline condition (P1), heat 

attenuated probiotic stored in 25°C from month 6 and 12 

(P2 and P3), and heat attenuated probiotic from 40°C 

from month 6 and 12 (P4 and P5). Based on the 

randomization schedule, NC and DC group rats were 

administered saline water, while SC group rats were 

treated with loperamide (5 mg/kg/rat). The heat 

attenuated probiotic dose was selected to be 20 mg/rat 

which corresponds to approximately six billion cells of 

baseline heat attenuated probiotic strength. As we aimed 

to identify the effect of different storage conditions and 

duration on the anti-diarrheal efficacy, 20 mg/rat dose 

was administered to rats in the P1-P5 groups from the 

respective storage conditions and duration as described 

above. After 2 hours of therapy supplementation, single 

oral gavage dose of castor oil (1 ml/rat) was administered 

to all rats (except the NC group rats who were gavaged 

saline water). Ricinoleic acid is an ingredient present in 

castor oil that is responsible for irritating the intestines 

leading to widespread intestinal inflammation, excessive 

fluid loss, and reduced water retention. Due to this 

activity, castor oil is widely utilized agent for inducing 

diarrhea in animal models. 

3.4. Evaluation parameters 

Following castor oil oral gavage, rats were immediately 

placed in separate propylene cages. The cages had 

adsorbent paper at the cage floor to collect the diarrhea 

faeces. The onset time of diarrhea (in minutes), number 

of diarrheal faeces, and weight of diarrheal faeces (in gm) 

were evaluated. The evaluation was performed for four 

hours following castor oil administration. The rats were 

then allowed to naturally recover from the condition for 

7 days. After 7 days, the entire study was repeated and 

after 30 minutes of castor oil therapy, the rats were orally 

gavaged single dose of charcoal meal (1 ml of 10% w/v 

in 0.5% CMC). Following ~30 minutes of charcoal meal 

therapy, the rats were sacrificed, intestines collected, and 

evaluated for charcoal transit length, indicator of GI 

transit length. 

3.5. Statistical analysis 

Data was expressed in mean ± SD in pre-designed 

datasheet. GraphPad Prism software was utilized for 

statistical analysis using one way ANOVA with post-hoc 

Tukey test. A p-value of <0.05 was set as threshold for 

statistical significance. 

4. Results 

4.1. Onset of diarrhea 

Diarrhea leads to faster onset of diarrhea and anti-

diarrheal therapies prolongs the duration of diarrhea 

onset. As per the hypothesis, the DC group rats showed 

rapid induction of diarrhea while loperamide and heat 

attenuated probiotics therapy significantly prevented the 

diarrhea onset duration (Figure 1). Loperamide therapy 

was significantly better than the heat attenuated 

probiotics therapy. Among the heat attenuated probiotics 

group, difference in storage temperature and duration 

exhibited variable efficacy to prolong the onset of 

diarrhea. Altogether it was observed that the higher 
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storage temperature and longer duration of storage 

resulted in reduction in the overall efficacy of heat 

attenuated probiotics. Compared to heat attenuated 

probiotic stored at baseline storage condition, gradual 

reduction in efficacy was observed for both the heat 

attenuated probiotics stored at 25°C and 40°C stored for 

6 and 12 months, respectively. Heat attenuated probiotics 

therapy stored at 25°C for 6 and 12 months showed 

31.20% and 38.26% faster diarrhea onset, respectively, 

while heat attenuated probiotics therapy stored at 40°C 

for 6 and 12 months showed 35.61% and 43.55% faster 

onset of diarrhea, respectively, compared to therapy with 

baseline condition stored heat attenuated probiotics 

(Figure 1). This indicates the importance of optimal 

storage temperature and duration for optimal efficacy of 

heat attenuated probiotics throughout shelf-life period. 

 

 

Figure 1: Efficacy of heat attenuated probiotics in onset of diarrhea. *p < 0.05 v/s Normal group; #p < 0.05 v/s 

Disease group; @p < 0.05 v/s Standard control group; ^p < 0.05 v/s Heat attenuated L. rhamnosus (Baseline) 

group; $p < 0.05 v/s Heat attenuated L. rhamnosus (25°C_6M) group; &p < 0.05 v/s Heat attenuated L. rhamnosus 

(40°C_6M) group. 

 

4.2. Number and weight of diarrhea faeces 

The number and weight of diarrhea faeces was 

significantly increased in the DC group rats and was 

suppressed by the loperamide and heat attenuated 

probiotics therapy (Figure 2). Increasing storage 

temperature and duration caused reduction in the overall 

efficacy of heat attenuated probiotics. Therapy with heat 

attenuated probiotics stored at 25°C for 6 and 12 months 

showed 23.51% and 27.43% higher number of diarrhea 

faeces, and therapy with heat attenuated probiotics stored 

at 40°C for 6 and 12 months showed 29.31% and 31.35% 

higher number of diarrhea faeces, respectively, 

compared to therapy with heat attenuated probiotics from 

baseline storage condition (Figure 2). The %defecation 

inhibition compared to DC group rats was found to be 

88.01%, 31.98%, 16.04%, 13.38%, 12.05%, and 10.71% 

in the standard group, heat attenuated probiotics group 

from baseline storage condition, 25°C for 6 and 12 

months, and 40°C for 6 and 12 months, respectively. 

Similar trend was observed for the diarrhea faeces weight 

parameter. Therapy with heat attenuated probiotics 

stored at 25°C for 6 and 12 months showed 42.88% 

higher weight of diarrhea faeces, and heat attenuated 

probiotics therapy stored at 40°C for 6 and 12 months 

showed 45.98% and 51.89% higher weight of diarrhea 

faeces, respectively, compared treatment with heat 

attenuated probiotics from baseline storage condition 

(Figure 3). 

http://www.jchr.org/


 
 

 

1861 

Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2025) 15(3), 1857-1864 | ISSN:2251-6727 

 

Figure 2: Efficacy of heat attenuated probiotics in reducing diarrhea faeces number. *p < 0.05 v/s Normal group; 
#p < 0.05 v/s Disease group; @p < 0.05 v/s Standard control group; ^p < 0.05 v/s Heat attenuated L. rhamnosus 

(Baseline) group. 

 

4.3. Gastrointestinal transit length 

Castor oil therapy significantly increased the GI transit 

length in the DC group rats, while treatment with 

loperamide and heat attenuated probiotics showed anti-

diarrheal efficacy and thereby reduced the GI transit 

length with the greatest effect observed with loperamide 

therapy (Figure 4). Similar to previous observations, 

higher storage temperature and longer storage duration 

reduced the heat attenuated probiotics anti-diarrheal 

efficacy. Treatment with heat attenuated probiotics 

stored at 25°C for 6 and 12 months showed 12.92% and 

17.02% greater GI transit distance, and therapy with heat 

attenuated probiotics stored at 40°C for 6 and 12 months 

showed 14.40% and 20.78% greater GI transit distance, 

respectively, compared to therapy with heat attenuated 

probiotics from baseline storage condition (Figure 4). 

5. Discussion 

Probiotics are among the most widely used therapies in 

various health conditions, due to their promising efficacy 

to reduce gut dysbiosis and promote healthy gut 

microbiome (1,2,8). Heat attenuated probiotics are 

probiotics that are not live but have the cell membrane 

integrity almost similar to the live probiotics. Numerous 

evidences suggests that heat attenuated probiotics are 

promising alternatives to conventional live probiotics in 

patient population who are more vulnerable to develop 

infectious conditions (17,18,21). Despite promising 

evidences, the use of heat attenuated probiotics in the 

management of diarrhea is limited, possibly due to lack 

of sufficient experimental evidence for efficacy. The 

current study investigated the efficacy of heat attenuated 

probiotic Lactobacillus rhamnosus in the management of 

castor oil-induced diarrhea in rats. The results of the 

current study shows that the heat attenuated probiotics 

are effective in the management of diarrhea condition. 

While numerous evidences have shown health benefits 

by probiotics particularly by restoring a gut microbiome 

and reducing gut dysbiosis through various mechanism 

of actions (22–25), the efficacy of heat attenuated 

probiotics are induced due to a completely different 

mechanism compared to live probiotics therapy.  
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Figure 3: Efficacy of heat attenuated probiotics in weight of diarrhea faeces. *p < 0.05 v/s Normal group; #p < 0.05 

v/s Disease group; @p < 0.05 v/s Standard control group; ^p < 0.05 v/s Heat attenuated L. rhamnosus (Baseline) 

group. 

 

 

Figure 4: Efficacy of heat attenuated probiotics on GI transit length. *p < 0.05 v/s Normal group; #p < 0.05 v/s 

Disease group; @p < 0.05 v/s Standard control group; ^p < 0.05 v/s Heat attenuated L. rhamnosus (Baseline) group. 
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The heat attenuated probiotics are manufactured with 

utmost care to ensure that the cell membrane integrity is 

maintained similar to the live probiotics. This process 

ensures that the cell membrane components remain 

intact, which are responsible for their beneficial effects 

(17,18,21). As heat attenuated probiotics are an attractive 

treatment option, it is very important that the cell 

membrane components remains intact during the entire 

storage duration to maintain the desired efficacy. Storage 

temperature have a huge influence of the stability of 

products, including the products with heat attenuated 

probiotics throughout shelf-life period. Improper storage 

conditions, including storage at high temperatures or in 

humid environments, significantly affects the probiotics’ 

characteristics (26–28). The observations of current 

study shows that high storage temperature and longer 

storage duration progressively reduces the anti-diarrheal 

efficacy of heat attenuated probiotics. Such observations 

helps us to envisage the importance of optimal storage 

conditions for ensuring the cell membrane integrity of 

heat attenuated probiotics throughout their shelf life 

duration. 

The current study have various strengths. Firstly, the 

current study is novel as no previous study have 

evaluated the efficacy of heat attenuated L. rhamnosus 

probiotic in the management of diarrhea condition in 

experimental animal model of castor oil-induced 

diarrhea. Many experimental studies have been 

previously conducted and shown that castor oil-induced 

diarrhea is an excellent experimental model for 

evaluating the anti-diarrheal effect of investigational 

therapies (29–32). In the current study, castor oil therapy 

successfully developed diarrhea in rats, which was 

significantly prevented by heat attenuated probiotics 

therapy. Secondly, the current study evaluated the effect 

of different storage conditions and duration on the anti-

diarrheal efficacy of heat attenuated probiotics. Many 

speculations have been made regarding the influence of 

storage condition on the heat attenuated probiotics 

stability and efficacy, but to our knowledge, no study has 

evaluated this hypothesis. The current study is the first 

study that has successfully established a direct 

correlation between the storage condition and duration 

with the heat attenuated probiotics efficacy to mitigate 

diarrhea condition. The current study has certain 

limitations too. The current study used heat attenuated 

Lactobacillus rhamnosus as the investigational probiotic, 

while other probiotics species (including 

Bifidobacterium and Saccharomyces) are also widely 

used that might have different susceptibility to the 

storage conditions. As different probiotics have different 

cellular structure and components, the results of the 

current study cannot be directly extrapolated to other 

heat attenuated probiotics. But considering the fact that 

the current study is novel, it can pave the way for future 

well-designed experimental studies as well that can 

evaluate the effect of storage conditions on different heat 

attenuated probiotic species as well.  

In conclusion, heat attenuated probiotics are promising 

therapeutic agents that have numerous health benefits. 

The current study highlights the potential of heat 

attenuated Lactobacillus rhamnosus probiotics in the 

management of diarrhea condition. The storage condition 

is very important aspect for maintaining the efficacy of 

heat attenuated probiotics throughout shelf life period. 

The results of current study shows that different storage 

condition and duration can lead to significant variability 

in the overall efficacy of heat attenuated probiotic 

therapies. These results help us to identify the importance 

of optimal storage conditions for maintaining the cell 

membrane integrity of heat attenuated probiotics and 

thereby maintaining the efficacy of therapy throughout 

shelf life period. Additionally, the current study can help 

future researchers to conduct more experimental and 

clinical studies to further validate the results of current 

study. 
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