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The recent developments in the use of polysaccharide-based oral delivery 

systems for improvement in the efficacy of probiotics have been organized 

under discussion within this review. The aspect of using polysaccharide as a 

carrier for probiotics seems to offer a particularly promising avenue for further 

stabilization and efficiency at the level of crossing the gastrointestinal tract. 

This paper covers some applications and current trends, along with future 

perspectives of using polysaccharide-based delivery systems for probiotics. This 

review explains and sheds light on how to develop novel strategies that could be 

used for optimizing probiotic delivery, thereby maximizing the health-

promoting effects in the gut environment by discussing potential pros and cons 

related to the use of polysaccharides as a carrier for probiotics. 

Keywords: Polysaccharide-based delivery systems, Probiotic efficacy, 

Gastrointestinal tract, Innovative strategies, Gut health 

Graphical Abstract:  

 

http://www.nano-ntp.com/


                                                   Enhancing Probiotic Efficacy through.... Sachin S. Mali et al. 3102 
 

Nanotechnology Perceptions Vol. 20 No.6 (2024) 

1. Introduction 

Probiotics are live microorganisms that, provided in adequate amounts, confer health 

benefits. Beneficial bacteria in the gut have a big responsibility in the maintenance of gut 

health through creating a balanced microbial environment and supporting various functions 

of the body within the gastrointestinal tract. Over the past decade or two, significant interest 

has been generated in probiotics based on their proposed therapeutic utility for a variety of 

health conditions ranging from disturbances in the gastrointestinal tract and immune 

modulation to challenges of metabolic health. One of the most critical issues with probiotic 

supplementation is the survival and functionality of the probiotics once they are shielded 

from the hostile acidic environment of the stomach so that they arrive at the intestines where 

they exert beneficial effects. (1–4). 

 
Fig. 01: The Role and Challenges of Probiotics 

Many challenges limit the chances of survival and efficacy of the probiotic organisms from 

orally administered probiotics. These include low pH levels, bile salts, and enzymatic 

activity in the stomach, which leads to a very drastic reduction in viable counts of probiotic 

cells. This consequently dampens the probability of colonization potential of the bacteria in 

the gut and their health-promoting effect. To overcome these problems and increase the 

probiotic delivery of probiotics to the intestines, researchers have made attempts to find 

ingenious ways of protecting probiotic cells during their journey through the digestive 

system (5–7). 

 

The concept recently reported regarding the application of polysaccharides as carriers for 

probiotics appears to develop as a promising route toward achieving better viability and 

therapeutic effects of probiotics. Polysaccharides are complex carbohydrates that occur in 

many natural sources such as plants, algae, or microorganisms. Such biocompatible and 

biodegradable materials offer several benefits as a carrier for probiotics, which include the 

encapsulation of protective barriers over probiotic cells, the protection of the probiotics 

against extreme environmental conditions, and targeting delivery to some site in the gut(8–

11). 

 

In efforts to enhance their survival, protect them from the acidic conditions of the stomach 

interior, and guarantee a better release and colonization in the intestines, scientists 
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encapsulated the cells of probiotics using polysaccharide-based matrices. Since many of the 

polysaccharides demonstrated excellent carrier properties for probiotics, such as chitosan, 

alginate, pectin, cellulose derivatives, they soon represented ideal candidates for the 

development of new oral delivery systems that would make it possible to increase the 

efficacy of administered probiotic supplementation(12–15). 

 

This review aims to explore the applications, current trends, and future prospects of 

polysaccharide-based oral delivery systems for enhancing the efficacy of probiotics. By 

investigating the potential benefits and challenges associated with the use of polysaccharides 

as carriers for probiotics, this review seeks to provide valuable insights into the development 

of innovative strategies that can optimize probiotic delivery and maximize their health-

promoting effects in the gut(16,17). 

 
Fig.02: Enhancing Probiotic Delivery with Polysaccharides 

 

2. Polysaccharide-Based Oral Delivery Systems: 

Polysaccharides have garnered significant interest as carriers for probiotics in oral delivery 

systems due to their biocompatibility, biodegradability, and functional properties. Among the 

various polysaccharides used in probiotic delivery systems, chitosan, alginate, pectin, and 

cellulose derivatives have emerged as promising candidates for enhancing the survival and 

efficacy of probiotic cells in the gastrointestinal tract(18–22). 

 
Fig. 03: Enhancing Probiotic Delivery 

 Chitosan: Chitosan, a natural polysaccharide derived from chitin, has been 

extensively studied for its potential applications in probiotic delivery systems. Its cationic 

nature allows it to interact with negatively charged surfaces of probiotic cells, facilitating 
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their adhesion and encapsulation. Chitosan forms mucoadhesive films that protect probiotic 

cells from the acidic environment of the stomach, thus promoting their survival during transit 

to the intestines(23–25). 

 Alginate: Alginate, a biopolymer extracted from seaweed, is widely used in the 

encapsulation of probiotics due to its gel-forming properties. Alginate forms a protective 

barrier around probiotic cells, shielding them from gastric fluids and bile salts. The gel 

matrix created by alginate encapsulation enables controlled release of probiotics in the 

intestines, enhancing their viability and colonization in the gut(25,26). 

 Pectin: Pectin, a soluble dietary fiber found in fruits, offers several advantages as a 

carrier for probiotics. Pectin-based delivery systems provide a protective microenvironment 

for probiotic cells, shielding them from adverse conditions in the stomach. Pectin 

encapsulation enhances the survival of probiotics by promoting their resistance to low pH 

and enzymatic degradation, thereby facilitating their targeted delivery to the 

intestines(27,28). 

 Cellulose Derivatives: Cellulose derivatives, such as methylcellulose and 

hydroxypropyl cellulose, have been explored for their potential in probiotic delivery systems. 

These derivatives form hydrogels that can encapsulate probiotic cells, protecting them from 

acidic conditions and enzymatic degradation in the stomach. Cellulose-based matrices 

provide sustained release of probiotics in the intestines, ensuring prolonged exposure and 

improved colonization(29,30). 

 

Mechanisms of Protection by Polysaccharides: Polysaccharides play a crucial role in 

protecting probiotic cells from harsh gastric conditions through various mechanisms. The 

mucoadhesive properties of polysaccharides enable them to adhere to the mucosal lining of 

the gastrointestinal tract, forming a protective barrier that shields probiotic cells from acidic 

pH and enzymatic activity. Polysaccharide encapsulation enhances the survivability of 

probiotics by maintaining a conducive microenvironment that supports their viability and 

functionality during transit(31–33). 

 
Fig.04: Polysaccharides: Guardians of Probiotics 
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 Mechanisms of Protection by Polysaccharides in Probiotic Delivery: 
Polysaccharides serve as key players in safeguarding probiotic cells from the challenging 

conditions encountered in the gastrointestinal tract. Through a myriad of protective 

mechanisms, polysaccharides play a pivotal role in enhancing the survival and functionality 

of probiotics, ultimately maximizing their beneficial effects on gut health and overall well-

being(34–37). 

 Mucoadhesive Properties of Polysaccharides: 
One of the primary mechanisms through which polysaccharides protect probiotic cells is via 

their mucoadhesive properties. Polysaccharides possess an inherent ability to adhere to the 

mucosal lining of the gastrointestinal tract, forming a bioadhesive barrier that shields 

probiotic cells from the hostile environment of the stomach. By adhering to the mucosal 

surface, polysaccharides create a protective shield that prevents direct exposure of probiotics 

to acidic pH levels and enzymatic degradation, thus improving their chances of survival as 

they navigate through the digestive system(38–41). 

 Formation of Protective Barrier: 
The formation of a protective barrier by polysaccharides is crucial in preventing probiotic 

cells from succumbing to the harsh conditions of the gastric environment. By creating a 

physical barrier between probiotics and the acidic gastric juices, polysaccharides offer a 

shield that helps maintain the viability and functionality of probiotic cells. This protective 

barrier not only safeguards probiotics during their passage through the stomach but also 

ensures their arrival in the intestines with their beneficial properties intact, ready to exert 

their health-promoting effects(42,43). 

 Maintaining a Conducive Microenvironment: 
Polysaccharide encapsulation provides probiotic cells with a conducive microenvironment 

that supports their survival and functionality throughout transit in the gastrointestinal tract. 

The encapsulated probiotics are ensconced within a protective matrix of polysaccharides, 

which helps create a stable environment for the probiotic cells. This protective matrix acts as 

a buffer against fluctuations in pH, temperature, and other environmental factors, 

safeguarding probiotics from external stressors and ensuring their viability until they reach 

the target site for colonization and activity(44,45). 

 Enhanced Survivability and Viability: 
By leveraging the protective mechanisms of polysaccharides, probiotic cells experience 

enhanced survivability and viability during their journey through the gut. The mucoadhesive 

properties of polysaccharides ensure prolonged contact between probiotics and the intestinal 

mucosa, increasing their retention time and bioavailability. This extended interaction allows 

probiotics to establish themselves more effectively in the gut environment, enhancing their 

chances of colonization and beneficial effects on gut microbiota and immune function(46–

49). 

 Optimization of Probiotic Functionality: 
Moreover, polysaccharide encapsulation not only protects probiotic cells but also optimizes 

their functionality by providing a supportive microenvironment for their metabolic activities. 

The encapsulated probiotics are shielded from hostile conditions that could compromise their 

enzymatic functions, ensuring that they retain their ability to produce beneficial metabolites, 

modulate immune responses, and maintain gut homeostasis. This optimization of probiotic 

functionality through polysaccharide protection contributes to the overall efficacy of 
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probiotic therapies in promoting gut health and well-being(50,51). 

 The mechanisms of protection provided by polysaccharides in probiotic delivery 

systems are multifaceted and essential for ensuring the viability, functionality, and 

therapeutic efficacy of probiotic cells. Through their mucoadhesive properties, formation of 

protective barriers, maintenance of conducive microenvironments, and enhancement of 

survivability and functionality, polysaccharides play a crucial role in safeguarding probiotics 

through the challenging journey of the gastrointestinal tract. By understanding and 

harnessing these protective mechanisms, researchers can develop innovative probiotic 

delivery strategies that optimize the benefits of probiotics for gut health and overall 

wellness(51). 

 

Encapsulation Techniques and Formulation Strategies: Various encapsulation techniques 

and formulation strategies are employed in developing polysaccharide-based delivery 

systems for probiotics. These include emulsion-based methods, ionotropic gelation, 

coacervation, and spray-drying. By optimizing the formulation parameters such as polymer 

concentration, crosslinking agents, and processing conditions, researchers can tailor the 

release kinetics and stability of probiotics within polysaccharide matrices. The choice of 

encapsulation technique influences the physicochemical properties and performance of the 

probiotic delivery system, ultimately impacting their survival and efficacy in the gut(52,53). 

 

Polysaccharides serve as versatile carriers for probiotics in oral delivery systems, offering 

protection, targeted delivery, and controlled release mechanisms that enhance the viability 

and therapeutic effects of probiotic cells in the gastrointestinal tract. The selection of 

appropriate polysaccharides, encapsulation techniques, and formulation strategies plays a 

critical role in optimizing the performance of probiotic delivery systems, paving the way for 

the development of innovative solutions in gut health and functional foods(54,55). 

 

3. Applications of Polysaccharide-Based Probiotic Delivery Systems: 

Polysaccharides have shown immense potential in delivering various strains of probiotics to 

confer specific health benefits on the host. By utilizing polysaccharide carriers, researchers 

aim to target probiotics to specific sites in the gastrointestinal tract, optimizing their efficacy 

and therapeutic effects. The diverse applications of polysaccharide-based delivery systems 

span across functional foods, dietary supplements, and pharmaceutical products, offering 

innovative solutions for enhancing gut health and overall well-being(56–58). 

 
Fig.05: Exploring Polysaccharide-Based Probiotic Delivery Systems 
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 Delivery of Different Probiotic Strains: Polysaccharide carriers enable the 

encapsulation and targeted delivery of different strains of probiotics, each with unique 

health-promoting properties. By selecting specific strains known for their beneficial effects, 

such as Lactobacillus, Bifidobacterium, and Saccharomyces, researchers can tailor the 

probiotic formulation to address specific health concerns. Polysaccharide matrices provide a 

protective microenvironment for probiotic cells, ensuring their viability and functionality in 

the gut for delivering distinct health benefits(59). 

 Diversified Delivery of Probiotic Strains Using Polysaccharide Carriers: 

The delivery of various probiotic strains through polysaccharide carriers represents a 

significant advancement in personalized probiotic therapy, offering a tailored approach to 

addressing specific health concerns and optimizing health outcomes. By encapsulating and 

targeting different strains of probiotics known for their unique health-promoting properties, 

researchers can leverage the protective and stabilizing capabilities of polysaccharides to 

enhance the viability, functionality, and efficacy of probiotic delivery systems(60,61). 

 Tailoring Probiotic Formulations to Address Specific Health Concerns: 

The versatility of polysaccharide carriers allows for the encapsulation and delivery of diverse 

probiotic strains, each with distinct health benefits and therapeutic effects. Probiotic strains 

such as Lactobacillus, Bifidobacterium, and Saccharomyces are well-known for their roles in 

promoting gut health, immune function, and overall well-being. By selecting specific 

probiotic strains based on their documented effects, researchers can customize probiotic 

formulations to target specific health concerns, such as digestive disorders, immune system 

modulation, and metabolic health(62). 

 Utilizing the Protective Microenvironment of Polysaccharide Matrices: 

Polysaccharide matrices offer a protective microenvironment for probiotic cells, shielding 

them from harsh gastric conditions and ensuring their viability and functionality during 

transit through the gastrointestinal tract. The encapsulation of probiotic strains within 

polysaccharide carriers provides a stable and supportive environment that helps maintain the 

integrity of the probiotic cells and protects them from environmental stressors. This 

protective microenvironment facilitates the targeted delivery of probiotic strains to the 

intestines, where they can exert their health-promoting effects and contribute to overall gut 

health(63,64). 

 Enhancing Viability and Functionality of Probiotic Strains: 

The use of polysaccharide carriers in delivering different probiotic strains enhances the 

viability and functionality of these beneficial microorganisms. Polysaccharides act as 

protective barriers that shield probiotic cells from the acidic pH of the stomach and 

enzymatic degradation, increasing their chances of survival and colonization in the gut. By 

encapsulating probiotic strains within polysaccharide matrices, researchers can improve the 

stability and bioavailability of probiotics, ensuring that they reach the target site in the 

intestines with their health-promoting properties intact(65,66). 

 Promoting Distinct Health Benefits with Specific Probiotic Strains: 

Each probiotic strain offers unique health benefits and therapeutic effects, making the 

targeted delivery of specific strains crucial for addressing different health concerns. For 

example, Lactobacillus strains are known for their role in supporting digestive health and 

immune function, while Bifidobacterium strains contribute to gut microbiota balance and 
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metabolic health. Saccharomyces strains have been studied for their potential in managing 

gastrointestinal disorders and promoting gut barrier function. By encapsulating and 

delivering these specific probiotic strains using polysaccharide carriers, researchers can tailor 

probiotic formulations to target specific health conditions and optimize therapeutic 

outcomes(67–70). 

 Innovative Approaches to Personalized Probiotic Therapy: 

The delivery of different probiotic strains through polysaccharide carriers represents an 

innovative approach to personalized probiotic therapy, allowing for the customization of 

probiotic formulations to meet individual health needs. By leveraging the protective and 

stabilizing properties of polysaccharides, researchers can develop tailored probiotic products 

that address specific health concerns and deliver distinct health benefits. This personalized 

approach to probiotic therapy holds great promise for optimizing gut health, immune 

function, and overall well-being, offering a targeted and effective solution to a wide range of 

health conditions(71,72). 

 

The delivery of different probiotic strains through polysaccharide carriers enables a 

diversified and personalized approach to probiotic therapy, allowing for the targeted delivery 

of specific strains with unique health-promoting properties. By encapsulating probiotic 

strains within protective polysaccharide matrices, researchers can enhance the viability, 

functionality, and efficacy of probiotic delivery systems, providing tailored solutions to 

address individual health concerns and optimize health outcomes. This innovative approach 

to probiotic therapy harnesses the protective and stabilizing capabilities of polysaccharides to 

deliver distinct health benefits and promote overall well-being through the targeted delivery 

of probiotic strains known for their therapeutic effects(73,74). 

 Targeted Delivery to Specific Sites: Polysaccharides play a crucial role in 

facilitating targeted delivery of probiotics to specific sites in the gastrointestinal tract, 

maximizing their efficacy and therapeutic outcomes. Through mucoadhesive interactions and 

controlled release mechanisms, polysaccharide carriers can guide probiotic cells to desired 

locations within the gut. This targeted delivery approach ensures that probiotics reach the 

colon or other regions where they can exert their health-promoting effects most effectively, 

such as modulating gut microbiota, enhancing immune function, and alleviating digestive 

disorders(75,76). 

 Applications in Functional Foods: Polysaccharide-based delivery systems have 

found widespread applications in the development of functional foods enriched with 

probiotics. By incorporating probiotics into polysaccharide matrices, food products such as 

yogurt, fermented beverages, dairy products, and snack bars can be fortified with beneficial 

microorganisms. The use of polysaccharides ensures the stability and viability of probiotics 

in food matrices, enabling the creation of functional foods that offer enhanced nutritional 

value and potential health benefits to consumers(77,78). 

 Applications in Dietary Supplements: Dietary supplements are another prominent 

area where polysaccharide-based probiotic delivery systems find extensive use. Formulating 

probiotics in polysaccharide capsules, tablets, or powders enhances their stability and shelf-

life, ensuring optimal survival during storage and transit. Polysaccharide carriers provide a 

protective barrier that shields probiotic cells from external factors, maintaining their viability 
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until ingestion. Such dietary supplements offer a convenient and effective way to deliver 

probiotics for maintaining gut health and supporting overall well-being(79–81). 

 Applications in Pharmaceutical Products: In the pharmaceutical industry, 

polysaccharide carriers are employed in the development of probiotic formulations for 

therapeutic purposes. Polysaccharide-based probiotic products can be designed to target 

specific health conditions, such as gastrointestinal disorders, immune modulation, or 

metabolic dysfunction. The controlled release properties of polysaccharides enable sustained 

delivery of probiotics, ensuring prolonged exposure and efficacy in the gut. Pharmaceutical 

products incorporating polysaccharide-based probiotic delivery systems offer a promising 

avenue for personalized medicine and targeted treatments tailored to individual health 

need(82)s. 

 

The applications of polysaccharide carriers in probiotic delivery systems are vast and 

diverse, offering innovative solutions for enhancing gut health, immune function, and overall 

wellness. By utilizing polysaccharides for delivering different probiotic strains, targeting 

specific sites in the gastrointestinal tract, and developing functional foods, dietary 

supplements, and pharmaceutical products, researchers are unlocking the potential of 

probiotics to promote health and well-being through advanced delivery strategies(83,84). 

 

4. Current Trends in Polysaccharide-Based Probiotic Delivery: 

In recent years, significant progress has been made in the development of polysaccharide-

based oral delivery systems for probiotics, aiming to enhance their efficacy and therapeutic 

benefits. This review explores the latest research and developments in this field, focusing on 

emerging trends such as nanotechnology-based delivery, bio-adhesive formulations, and 

personalized probiotic therapies utilizing polysaccharides. Additionally, the challenges and 

opportunities in commercializing polysaccharide-based probiotic delivery systems are 

examined to provide insights into the future of probiotic formulations(85,86). 

 
Fig.06: Advancements in Probiotic Delivery 

Latest Research and Developments: Recent research has demonstrated the effectiveness of 

polysaccharide carriers in improving the viability and functionality of probiotics during 

transit through the gastrointestinal tract. Studies have investigated novel encapsulation 

techniques, such as microencapsulation and nanoencapsulation, using polysaccharides to 

protect probiotic cells from harsh environmental conditions. These advancements have 
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shown promising results in enhancing the survival rates and colonization of probiotics in the 

gut, leading to improved health outcomes(85–88). 

Emerging Trends in Polysaccharide-Based Probiotic Delivery(88–92): 

1. Nanotechnology-Based Delivery: Nanotechnology has revolutionized the field of 

probiotic delivery by enabling the development of nano-sized carriers for enhanced 

protection and targeted release of probiotics. Polysaccharide-based nanoparticles offer 

controlled delivery of probiotic cells to specific sites in the gut, ensuring optimal 

bioavailability and efficacy. Nanoencapsulation using polysaccharides allows for precise 

modulation of probiotic release kinetics, offering a customizable approach to probiotic 

therapy. 

2. Bio-Adhesive Formulations: Bio-adhesive polysaccharide formulations have 

garnered attention for their ability to improve the adhesion of probiotics to the intestinal 

mucosa, enhancing their retention and bioavailability. By exploiting the mucoadhesive 

properties of polysaccharides, researchers have developed formulations that prolong the 

residence time of probiotics in the gut, increasing their interaction with the host epithelium 

and maximizing their therapeutic effects. 

3. Personalized Probiotic Therapies: Personalized medicine approaches have 

extended to probiotic therapies, with polysaccharides playing a key role in tailoring 

treatment strategies to individual health needs. By incorporating probiotics into 

polysaccharide-based formulations customized for specific health conditions, personalized 

probiotic therapies offer targeted solutions for gut health, immune modulation, and disease 

management. Polysaccharide carriers enable the design of probiotic products that address 

unique health concerns, providing personalized benefits to users. 

 

Challenges and Opportunities in Commercialization(93–95): 

1. Regulatory Hurdles: The commercialization of polysaccharide-based probiotic 

delivery systems faces regulatory challenges related to safety, efficacy, and labeling 

requirements. Ensuring compliance with regulatory standards and obtaining approval for 

novel probiotic formulations can be a barrier to market entry. 

2. Scale-Up Challenges: Scaling up production processes for polysaccharide-based 

probiotic formulations can pose technical challenges, especially in maintaining consistency, 

quality control, and cost-effectiveness at industrial scales. Optimizing manufacturing 

processes and ensuring product stability are essential for commercial success. 

3. Market Competition: The probiotics market is highly competitive, with numerous 

products available to consumers. Differentiating polysaccharide-based probiotic 

formulations from existing products and communicating their unique benefits to consumers 

present marketing challenges but also opportunities for innovation and market growth. 

4. Consumer Education: Educating consumers about the benefits of polysaccharide-

based probiotic delivery systems and their role in improving gut health and overall well-

being is crucial for market acceptance. Clear communication of the science behind these 

formulations and their advantages over traditional probiotic products can help drive 

consumer interest and adoption. 
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Fig.07: Challenges in Commercializing Polysaccharide-Based Probiotics 

The advancements in polysaccharide-based oral delivery systems for probiotics offer 

promising prospects for improving gut health and personalized therapy options. Leveraging 

nanotechnology-based delivery, bio-adhesive formulations, and personalized probiotic 

therapies using polysaccharides opens up new avenues for enhancing probiotic efficacy and 

commercial viability. While challenges in regulatory compliance, scale-up, market 

competition, and consumer education exist, the opportunities for innovation and growth in 

the polysaccharide-based probiotic market are substantial, paving the way for a future of 

tailored probiotic solutions that cater to individual health needs(95–98). 

 

5. Conclusion:  

In conclusion, the review underscores the transformative potential of polysaccharide-based 

oral delivery systems in revolutionizing probiotic supplementation. The effectiveness of 

polysaccharides as carriers for probiotics has been demonstrated through their ability to 

enhance survival rates, improve functionality, and deliver therapeutic benefits to consumers. 

By emphasizing the vital role of polysaccharides in probiotic delivery, this review sets the 

stage for future research directions and innovation in leveraging polysaccharides for 

optimizing probiotic efficacy and promoting gut health.  

 

Through ongoing advancements in polysaccharide-based probiotic delivery systems, the 

potential for innovation and improvement in probiotic therapies remains vast, promising a 

future of enhanced health outcomes and personalized probiotic solutions tailored to 

individual needs. 

 

 

 

 

 



                                                   Enhancing Probiotic Efficacy through.... Sachin S. Mali et al. 3112 
 

Nanotechnology Perceptions Vol. 20 No.6 (2024) 

References 
1. Obuobi S, Škalko-Basnet N. Understanding vaginal biofilms: The first step in harnessing 

antimicrobial nanomedicine. Journal of Controlled Release. 2024 Dec 1;376:1190–208.  

2. Kong J, Cai M, Zhu R, Zhang Y, Du Y, Jing X, et al. The utilization of metal-organic 

frameworks in tumor-targeted drug delivery systems. Vol. 9, Journal of Science: Advanced 

Materials and Devices. Elsevier B.V.; 2024.  

3. Tang X, He M, Ren Y, Ji M, Yan X, Zeng W, et al. Traditional Chinese Medicine formulas-

based interventions on colorectal carcinoma prevention: The efficacies, mechanisms and 

advantages. Vol. 337, Journal of Ethnopharmacology. Elsevier Ireland Ltd; 2025.  

4. Radaic A, Kapila YL. The oralome and its dysbiosis: New insights into oral microbiome-host 

interactions. Vol. 19, Computational and Structural Biotechnology Journal. Elsevier B.V.; 

2021. p. 1335–60.  

5. Yuan S, Wang KS, Meng H, Hou XT, Xue JC, Liu BH, et al. The gut microbes in 

inflammatory bowel disease: Future novel target option for pharmacotherapy. Vol. 165, 

Biomedicine and Pharmacotherapy. Elsevier Masson s.r.l.; 2023.  

6. Fu Y, Li J, Cai W, Huang Y, Liu X, Ma Z, et al. The emerging tumor microbe 

microenvironment: From delineation to multidisciplinary approach-based interventions. Vol. 

14, Acta Pharmaceutica Sinica B. Chinese Academy of Medical Sciences; 2024. p. 1560–91.  

7. Ma T, Shen X, Shi X, Sakandar HA, Quan K, Li Y, et al. Targeting gut microbiota and 

metabolism as the major probiotic mechanism - An evidence-based review. Vol. 138, Trends in 

Food Science and Technology. Elsevier Ltd; 2023. p. 178–98.  

8. Han D, Zhang X, Ma Y, Yang X, Li Z. The development of live microorganism-based oxygen 

shuttles for enhanced hypoxic tumor therapy. Vol. 18, Materials Today Bio. Elsevier B.V.; 

2023.  

9. Xu Y, Yan X, Zheng H, Li J, Wu X, Xu J, et al. The application of encapsulation technology in 

the food Industry: Classifications, recent Advances, and perspectives. Vol. 21, Food 

Chemistry: X. Elsevier Ltd; 2024.  

10. Kang X, Yang X, He Y, Guo C, Li Y, Ji H, et al. Strategies and materials for the prevention 

and treatment of biofilms. Vol. 23, Materials Today Bio. Elsevier B.V.; 2023.  

11. Hellebois T, Fortuin J, Cambier S, Contal S, Leclercq CC, Gaiani C, et al. Stability and 

adhesion properties of Lacticaseibacillus rhamnosus GG embedded in milk protein cryogels: 

Influence of plant seed gum inclusion. Food Hydrocoll. 2024 Jun 1;151.  

12. Mujtaba M, Negi A, King AWT, Zare M, Kuncova-Kallio J. Surface modifications of 

nanocellulose for drug delivery applications; a critical review. Vol. 28, Current Opinion in 

Biomedical Engineering. Elsevier B.V.; 2023.  

13. Li Y, Ding X, Hu H, Xu FJ. Stimulus-responsive polysaccharide-based hydrogels: From design 

to biomedical applications. Precision Medicine and Engineering. 2024 Sep;1(1):100001.  

14. Tang J, Yao D, Xia S, Cheong L, Tu M. Recent progress in plant-based proteins: From 

extraction and modification methods to applications in the food industry. Vol. 23, Food 

Chemistry: X. Elsevier Ltd; 2024.  

15. Rathee S, Singh KR, Mallick S, Singh J, Pandey SS, Ojha A, et al. Smart Alginate 

Nanomaterials: Revolutionizing Food Across Delivery, Preservation, Packaging, Safety, and 

Waste Upcycling. Carbohydrate Polymer Technologies and Applications. 2024 Dec;100568.  

16. Chen Y, Zhu Z, Shi K, Jiang Z, Guan C, Zhang L, et al. Shellac-based materials: Structures, 

properties, and applications. Vol. 279, International Journal of Biological Macromolecules. 

Elsevier B.V.; 2024.  

17. Kopp KT, Saerens L, Voorspoels J, Van den Mooter G. Solidification and oral delivery of 

biologics to the colon- A review. European Journal of Pharmaceutical Sciences. 2023 Nov 

1;190.  

18. Liu P, Fei L, Wu D, Zhang Z, Chen W, Li W, et al. Progress in the metabolic kinetics and 



3113 Sachin S. Mali et al. Enhancing Probiotic Efficacy through....                                                              
 

Nanotechnology Perceptions Vol. 20 No.6 (2024) 

health benefits of functional polysaccharides from plants, animals and microbes: A review. 

Vol. 7, Carbohydrate Polymer Technologies and Applications. Elsevier Ltd; 2024.  

19. Arif A, Khar MS, Shahid N, Aman W, Javed J, Rubab A, et al. Progression in nano-botanical 

oral hygiene solutions: The Dawn of biomimetic nanomaterials. Vol. 12, European Journal of 

Medicinal Chemistry Reports. Elsevier Masson s.r.l.; 2024.  

20. Pan C, Yue H, Zhu L, Ma G hui, Wang H liang. Prophylactic vaccine delivery systems against 

epidemic infectious diseases. Vol. 176, Advanced Drug Delivery Reviews. Elsevier B.V.; 

2021.  

21. Chen Y, Shui M, Yuan Q, Li H, Zhou H, Wang Y, et al. Oral chondroitin sulfate functionalized 

natural polyphenol for targeted therapy of ulcerative colitis. Mater Des. 2024 Feb 1;238.  

22. Sadeghi A, Ebrahimi M, Shahryari S, Assadpour E, Jafari SM. Potential applications of 

encapsulated yeasts especially within alginate and chitosan as smart bioreactors and intelligent 

micro-machines. Vol. 7, Carbohydrate Polymer Technologies and Applications. Elsevier Ltd; 

2024.  

23. Zhao C, Cai L, Chen H, Tan H, Yan D. Oral biomaterials for intestinal regulation. Vol. 2, 

Engineered Regeneration. KeAi Communications Co.; 2021. p. 116–32.  

24. Rotter A, Varamogianni-Mamatsi D, Pobirk AZ, Matjaž MG, Cueto M, Díaz-Marrero AR, et 

al. Marine cosmetics and the blue bioeconomy: from sourcing to success stories. iScience 

[Internet]. 2024 Nov;111339. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S2589004224025641 

25. Priyanka, Abusalah MAH, Chopra H, Sharma A, Mustafa SA, Choudhary OP, et al. 

Nanovaccines: A game changing approach in the fight against infectious diseases. Vol. 167, 

Biomedicine and Pharmacotherapy. Elsevier Masson s.r.l.; 2023.  

26. Wang W, Zhu S, Zhang Y, Chu L, Liu S, Yang H, et al. Microbiota, metabolites and mucosal 

immunity as potential targets of traditional Chinese medicine for respiratory diseases based on 

the lung-gut crosstalk. Vol. 10, Pharmacological Research - Modern Chinese Medicine. 

Elsevier B.V.; 2024.  

27. Chen Z, Cai Z, Zhuang P, Li F, Cui W, Li Z. Living probiotic biomaterials for osteoporosis 

therapy. Vol. 1, Biomedical Technology. KeAi Communications Co.; 2023. p. 52–64.  

28. Prakash M, Chandraprabha MN, Hari Krishna R, Satish H, Girish Kumar S. Iron oxide 

nanoparticles for inflammatory bowel disease: Recent advances in diagnosis and targeted drug 

therapy. Applied Surface Science Advances. 2024 Feb 1;19.  

29. Khin MN, Ahammed S, Kamal MM, Saqib MN, Liu F, Zhong F. Investigating next-generation 

edible packaging: Protein-based films and coatings for delivering active compounds. Food 

Hydrocolloids for Health. 2024 Dec 1;6.  

30. Shen YH, Zhu H, Zhou L, Zheng YQ, Zhang Z, Xie Y, et al. In inflammatory bowel disease 

and extraintestinal manifestations: What role does microbiome play? Vol. 4, Engineered 

Regeneration. KeAi Communications Co.; 2023. p. 337–48.  

31. Chakraborty P, Banerjee D, Majumder P, Sarkar J. Gut microbiota nexus: Exploring the 

interactions with the brain, heart, lungs, and skin axes and their effects on health. Vol. 20, 

Medicine in Microecology. Elsevier B.V.; 2024.  

32. Wang Y, Zeng Y, Chen X, Lu A, Jia W, Cheung KC. Gut microbiota modulation through 

Traditional Chinese Medicine (TCM) - improving outcomes in Gastrointestinal (GI) cancer 

prevention and management. Vol. 13, Pharmacological Research - Modern Chinese Medicine. 

Elsevier B.V.; 2024.  

33. Yu S, Sun H, Li Y, Wei S, Xu J, Liu J. Hydrogels as promising platforms for engineered living 

bacteria-mediated therapeutic systems. Mater Today Bio. 2022 Dec 1;16.  

34. Wu Z, Tian E, Chen Y, Dong Z, Peng Q. Gut microbiota and its roles in the pathogenesis and 

therapy of endocrine system diseases. Vol. 268, Microbiological Research. Elsevier GmbH; 

2023.  



                                                   Enhancing Probiotic Efficacy through.... Sachin S. Mali et al. 3114 
 

Nanotechnology Perceptions Vol. 20 No.6 (2024) 

35. Hosseini H, Hosseini F, Bolourian S, Sabet Sarvestani H, Assadpour E, Jafari SM. Functional 

chewing gum: Transition from a conventional chew to a novel matrix delivering encapsulated 

bioactives with health-promoting properties. Vol. 10, Future Foods. Elsevier B.V.; 2024.  

36. Refaey MS, Abosalem EF, Yasser El-Basyouni R, Elsheriri SE, Elbehary SH, Fayed MAA. 

Exploring the Therapeutic Potential of Medicinal Plants and Their Active Principles in Dental 

Care: A Comprehensive Review. Heliyon. 2024 Sep;e37641.  

37. Liu Z, Li N, Dang Q, Liu L, Wang L, Li H, et al. iScience Exploring the roles of intestinal flora 

in enhanced recovery after surgery. Available from: https://doi.org/10.1016/j.isci. 

38. Guo Y, Qiao D, Zhao S, Liu P, Xie F, Zhang B. Biofunctional chitosan–biopolymer 

composites for biomedical applications. Vol. 159, Materials Science and Engineering R: 

Reports. Elsevier Ltd; 2024.  

39. Dong QQ, Wu Q, Lu Y, Shi Y, Yang K Da, Xu XL, et al. Exploring β-glucan as a micro-nano 

system for oral delivery targeted the colon. Vol. 253, International Journal of Biological 

Macromolecules. Elsevier B.V.; 2023.  

40. Rezghi Rami M, Forouzandehdel S, Aalizadeh F. Enhancing biodegradable smart food 

packaging: Fungal-synthesized nanoparticles for stabilizing biopolymers. Vol. 10, Heliyon. 

Elsevier Ltd; 2024.  

41. Sun A, Liu H, Sun M, Yang W, Liu J, Lin Y, et al. Emerging nanotherapeutic strategies 

targeting gut-X axis against diseases. Vol. 167, Biomedicine and Pharmacotherapy. Elsevier 

Masson s.r.l.; 2023.  

42. Lian S, Lamprou D, Zhao M. Electrospinning technologies for the delivery of 

Biopharmaceuticals: Current status and future trends. Vol. 651, International Journal of 

Pharmaceutics. Elsevier B.V.; 2024.  

43. Singh AK, Pal P, Pandey B, Goksen G, Sahoo UK, Lorenzo JM, et al. Development of “Smart 

Foods” for health by nanoencapsulation: Novel technologies and challenges. Vol. 20, Food 

Chemistry: X. Elsevier Ltd; 2023.  

44. Xu Y, Le J, Qin J, Zhang Y, Yang J, Chen Z, et al. Decoding the microbiota metabolome in 

hepatobiliary and pancreatic cancers: Pathways to precision diagnostics and targeted 

therapeutics. Pharmacol Res. 2024 Oct 1;208.  

45. Zheng B, Wang L, Yi Y, Yin J, Liang A. Design strategies, advances and future perspectives of 

colon-targeted delivery systems for the treatment of inflammatory bowel disease. Vol. 19, 

Asian Journal of Pharmaceutical Sciences. Shenyang Pharmaceutical University; 2024.  

46. Sher EK, Džidić-Krivić A, Sesar A, Farhat EK, Čeliković A, Beća-Zećo M, et al. Current state 

and novel outlook on prevention and treatment of rising antibiotic resistance in urinary tract 

infections. Vol. 261, Pharmacology and Therapeutics. Elsevier Inc.; 2024.  

47. Tavares TD, Ribeiro ARM, Silva C, Antunes JC, Felgueiras HP. Combinatory effect of nisin 

antimicrobial peptide with bioactive molecules: A review. Vol. 91, Journal of Drug Delivery 

Science and Technology. Editions de Sante; 2024.  

48. Roe AL, Boyte ME, Elkins CA, Goldman VS, Heimbach J, Madden E, et al. Considerations 

for determining safety of probiotics: A USP perspective. Vol. 136, Regulatory Toxicology and 

Pharmacology. Academic Press Inc.; 2022.  

49. McCoubrey LE, Favaron A, Awad A, Orlu M, Gaisford S, Basit AW. Colonic drug delivery: 

Formulating the next generation of colon-targeted therapeutics. Vol. 353, Journal of Controlled 

Release. Elsevier B.V.; 2023. p. 1107–26.  

50. Uyanga VA, Ejeromedoghene O, Lambo MT, Alowakennu M, Alli YA, Ere-Richard AA, et al. 

Chitosan and chitosan-based composites as beneficial compounds for animal health: Impact on 

gastrointestinal functions and biocarrier application. Vol. 104, Journal of Functional Foods. 

Elsevier Ltd; 2023.  

51. Li Z, Xu X, Wang Y, Kong L, Han C. Carrier-free nanoplatforms from natural plants for 

enhanced bioactivity. Vol. 50, Journal of Advanced Research. Elsevier B.V.; 2023. p. 159–76.  



3115 Sachin S. Mali et al. Enhancing Probiotic Efficacy through....                                                              
 

Nanotechnology Perceptions Vol. 20 No.6 (2024) 

52. Gong Y, Liu Z, Zhou P, Li J, Miao YB. Biomimetic nanocarriers harnessing microbial 

metabolites usher the path for brain disease therapy. Vol. 2, Nano TransMed. KeAi Publishing 

Communications Ltd.; 2023.  

53. Das A, Patro S, Simnani FZ, Singh D, Sinha A, Kumari K, et al. Biofilm modifiers: The 

disparity in paradigm of oral biofilm ecosystem. Vol. 164, Biomedicine and Pharmacotherapy. 

Elsevier Masson s.r.l.; 2023.  

54. Wang Y, Guo X, Huang C, Shi C, Xiang X. Biomedical potency and mechanisms of marine 

polysaccharides and oligosaccharides: A review. Vol. 265, International Journal of Biological 

Macromolecules. Elsevier B.V.; 2024.  

55. Zhang T, Liu D, Zhang Y, Chen L, Zhang W, Sun T. Biomedical engineering utilizing living 

photosynthetic cyanobacteria and microalgae: Current status and future prospects. Vol. 27, 

Materials Today Bio. Elsevier B.V.; 2024.  

56. Xiang Q, Hao Y, Xia Z, Liao M, Rao X, Lao S, et al. Biomedical Applications and Nutritional 

Value of Specific Food-Derived Polysaccharide-Based Hydrogels. Vol. 15, Advances in 

Nutrition. Elsevier B.V.; 2024.  

57. Homaeigohar S, Liu X, Elbahri M. Antiviral polysaccharide and antiviral peptide delivering 

nanomaterials for prevention and treatment of SARS-CoV-2 caused COVID-19 and other viral 

diseases. Vol. 358, Journal of Controlled Release. Elsevier B.V.; 2023. p. 476–97.  

58. Rezagholizade-shirvan A, Soltani M, Shokri S, Radfar R, Arab M, Shamloo E. Bioactive 

compound encapsulation: Characteristics, applications in food systems, and implications for 

human health. Vol. 24, Food Chemistry: X. Elsevier Ltd; 2024.  

59. Araújo-Rodrigues H, Sousa AS, Relvas JB, Tavaria FK, Pintado M. An Overview on 

Mushroom Polysaccharides: Health-promoting Properties, Prebiotic and Gut Microbiota 

Modulation Effects and Structure-function Correlation. Vol. 333, Carbohydrate Polymers. 

Elsevier Ltd; 2024.  

60. Salem HM, Saad AM, Soliman SM, Selim S, Mosa WFA, Ahmed AE, et al. Ameliorative 

avian gut environment and bird productivity through the application of safe antibiotics 

alternatives: a comprehensive review. Vol. 102, Poultry Science. Elsevier Inc.; 2023.  

61. Tao W, Zhang Y, Wang B, Nie S, Fang L, Xiao J, et al. Advances in molecular mechanisms 

and therapeutic strategies for central nervous system diseases based on gut microbiota 

imbalance. Journal of Advanced Research. Elsevier B.V.; 2024.  

62. Liu S, Loo YT, Li Z, Ng K. Alginate-inulin-chitosan based microspheres alter metabolic fate of 

encapsulated quercetin, promote short chain fatty acid production, and modulate pig gut 

microbiota. Food Chem. 2023 Aug 30;418.  

63. Chen H, Lei P, Ji H, Yang Q, Peng B, Ma J, et al. Advances in Escherichia coli Nissle 1917 as 

a customizable drug delivery system for disease treatment and diagnosis strategies. Mater 

Today Bio. 2023 Feb 1;18.  

64. Gou K, Li Y, Qu Y, Li H, Zeng R. Advances and prospects of Bletilla striata polysaccharide as 

promising multifunctional biomedical materials. Vol. 223, Materials and Design. Elsevier Ltd; 

2022.  

65. Wang L, Hu J, Li K, Zhao Y, Zhu M. Advancements in gene editing technologies for 

probiotic-enabled disease therapy. iScience. 2024 Sep;27(9):110791.  

66. Liu H, Fan Y, Zhong J, Malkoch M, Cai Z, Wang Z. Advance in oral delivery of living 

material. Vol. 3, Biomedical Technology. KeAi Communications Co.; 2023. p. 26–39.  

67. Pedro NA, Mira NP. A molecular view on the interference established between vaginal 

Lactobacilli and pathogenic Candida species: Challenges and opportunities for the 

development of new therapies. Vol. 281, Microbiological Research. Elsevier GmbH; 2024.  

68. Fernandes A, Rodrigues PM, Pintado M, Tavaria FK. A systematic review of natural products 

for skin applications: Targeting inflammation, wound healing, and photo-aging. Vol. 115, 

Phytomedicine. Elsevier GmbH; 2023.  



                                                   Enhancing Probiotic Efficacy through.... Sachin S. Mali et al. 3116 
 

Nanotechnology Perceptions Vol. 20 No.6 (2024) 

69. Deehan EC, Al Antwan S, Witwer RS, Guerra P, John T, Monheit L. Revisiting the Concepts 

of Prebiotic and Prebiotic Effect in Light of Scientific and Regulatory Progress—A Consensus 

Paper From the Global Prebiotic Association. Advances in Nutrition [Internet]. 2024 

Oct;100329. Available from: https://linkinghub.elsevier.com/retrieve/pii/S2161831324001637 

70. Sieow BFL, Wun KS, Yong WP, Hwang IY, Chang MW. Tweak to Treat: Reprograming 

Bacteria for Cancer Treatment. Vol. 7, Trends in Cancer. Cell Press; 2021. p. 447–64.  

71. Chen J, Vitetta L, Henson JD, Hall S. The intestinal microbiota and improving the efficacy of 

COVID-19 vaccinations. Vol. 87, Journal of Functional Foods. Elsevier Ltd; 2021.  

72. Martellet MC, Majolo F, Ducati RG, Volken de Souza CF, Goettert MI. Probiotic applications 

associated with Psyllium fiber as prebiotics geared to a healthy intestinal microbiota: A review. 

Vols. 103–104, Nutrition. Elsevier Inc.; 2022.  

73. Wang R, Zhang Y, Guo Y, Zeng W, Li J, Wu J, et al. Plant-derived nanovesicles: Promising 

therapeutics and drug delivery nanoplatforms for brain disorders. Fundamental Research. 2023 

Dec;  

74. Colbère-Garapin F, Martin-Latil S, Blondel B, Mousson L, Pelletier I, Autret A, et al. 

Prevention and treatment of enteric viral infections: possible benefits of probiotic bacteria. Vol. 

9, Microbes and Infection. 2007. p. 1623–31.  

75. Abedi M, Ghasemi Y, Nemati MM. Nanotechnology in toothpaste: Fundamentals, trends, and 

safety. Vol. 10, Heliyon. Elsevier Ltd; 2024.  

76. Nidhi, Rashid M, Kaur V, Hallan SS, Sharma S, Mishra N. Microparticles as controlled drug 

delivery carrier for the treatment of ulcerative colitis: A brief review. Vol. 24, Saudi 

Pharmaceutical Journal. Elsevier B.V.; 2016. p. 458–72.  

77. Cangiano LR, Yohe TT, Steele MA, Renaud DL. INVITED REVIEW: Strategic use of 

microbial-based probiotics and prebiotics in dairy calf rearing. Vol. 36, Applied Animal 

Science. Elsevier Inc.; 2020. p. 630–51.  

78. Hitch TCA, Hall LJ, Walsh SK, Leventhal GE, Slack E, de Wouters T, et al. Microbiome-

based interventions to modulate gut ecology and the immune system. Vol. 15, Mucosal 

Immunology. Springer Nature; 2022. p. 1095–113.  

79. Baugher JL, Klaenhammer TR. Invited review: Application of omics tools to understanding 

probiotic functionality. Vol. 94, Journal of Dairy Science. 2011. p. 4753–65.  

80. Shi C, Cheng C, Lin X, Qian Y, Du Y, Chen G. Flammulina velutipes polysaccharide-iron(III) 

complex used to treat iron deficiency anemia after being absorbed via GLUT2 and SGLT1 

transporters. Food Science and Human Wellness. 2023 Sep 1;12(5):1828–40.  

81. Parker EP, Grassly NC, Church JA, Parker EP, Kirkpatrick BD, Grassly NC, et al. 

Interventions to improve oral vaccine performance: a systematic review and meta-analysis 

[Internet]. Vol. 19, Articles Lancet Infect Dis. 2019. Available from: https://osf.io/bemw6/ 

82. Wang Y, Gao P, Li C, Lu Y, Zhang Y, Zhou Y, et al. High-fidelity gut metagenome: A new 

insight of identification of functional probiotics 1.  

83. Zhou Y, Han Y. Engineered bacteria as drug delivery vehicles: Principles and prospects. Vol. 

2, Engineering Microbiology. Elsevier Inc.; 2022.  

84. Selvamani S, Mehta V, Ali El Enshasy H, Thevarajoo S, El Adawi H, Zeini I, et al. Efficacy of 

Probiotics-Based Interventions as Therapy for Inflammatory Bowel Disease: A Recent Update. 

Vol. 29, Saudi Journal of Biological Sciences. Elsevier B.V.; 2022. p. 3546–67.  

85. DIAO Q yu, ZHANG R, TU Y. Current research progresses on calf rearing and nutrition in 

China. Vol. 16, Journal of Integrative Agriculture. Chinese Academy of Agricultural Sciences; 

2017. p. 2805–14.  

86. Corthésy B, Gaskins HR, Mercenier A. The Journal of Nutrition Effects of Probiotics and 

Prebiotics Cross-Talk between Probiotic Bacteria and the Host Immune System 1,2.  

87. Amini Khiabani S, Asgharzadeh M, Samadi Kafil H. Chronic kidney disease and gut 

microbiota. Vol. 9, Heliyon. Elsevier Ltd; 2023.  



3117 Sachin S. Mali et al. Enhancing Probiotic Efficacy through....                                                              
 

Nanotechnology Perceptions Vol. 20 No.6 (2024) 

88. Abavisani M, Ebadpour N, Khoshrou A, Sahebkar A. Boosting vaccine effectiveness: The 

groundbreaking role of probiotics. Vol. 16, Journal of Agriculture and Food Research. Elsevier 

B.V.; 2024.  

89. Zhu Y, Wang Z, Bai L, Deng J, Zhou Q. Biomaterial-based encapsulated probiotics for 

biomedical applications: Current status and future perspectives. Mater Des. 2021 Nov 15;210.  

90. Kang SR, Nguyen DH, Yoo SW, Min JJ. Bacteria and bacterial derivatives as delivery carriers 

for immunotherapy. Vol. 181, Advanced Drug Delivery Reviews. Elsevier B.V.; 2022.  

91. Gupta M, Kapoor B, Gulati M. Bacterial consortia-The latest arsenal to inflammatory bowel 

disease bacteriotherapy. Vol. 20, Medicine in Microecology. Elsevier B.V.; 2024.  

92. Xu R, Weber MC, Hu X, Neumann PA, Kamaly N. Annexin A1 based inflammation resolving 

mediators and nanomedicines for inflammatory bowel disease therapy. Vols. 61–64, Seminars 

in Immunology. Academic Press; 2022.  

93. George Kerry R, Patra JK, Gouda S, Park Y, Shin HS, Das G. Benefaction of probiotics for 

human health: A review. Vol. 26, Journal of Food and Drug Analysis. Elsevier Taiwan LLC; 

2018. p. 927–39.  

94. Chowdhury S, Chakraborty MP, Roy S, Dey BP, Gangopadhyay K, Das R. E41K mutation 

activates Bruton’s tyrosine kinase by stabilizing an inositol hexakisphosphate-dependent 

invisible dimer. Journal of Biological Chemistry. 2024 Aug 1;300(8).  

95. Kim SSY, Sim DCN, Carissimo G, Lim HH, Lam KP. Bruton’s tyrosine kinase phosphorylates 

scaffolding and RNA-binding protein G3BP1 to induce stress granule aggregation during host 

sensing of foreign ribonucleic acids. Journal of Biological Chemistry. 2022 Aug 1;298(8).  

96. Aloui M, Er-rajy M, Imtara H, Goudzal A, Zarougui S, El fadili M, et al. QSAR modelling, 

molecular docking, molecular dynamic and ADMET prediction of pyrrolopyrimidine 

derivatives as novel Bruton’s tyrosine kinase (BTK) inhibitors. Saudi Pharmaceutical Journal. 

2024 Jan 1;32(1).  

97. De Lorenzi F, Weinmann T, Bruderer S, Heitmann B, Henrici A, Stingelin S. Bayesian 

analysis of 1D 1H-NMR spectra. Journal of Magnetic Resonance. 2024 Jul 1;364.  

98. Bakhtiyari M, Hamidi-Esfahani Z, Barzegar M. Optimization of co-encapsulation of L. 

plantarum cells and Silybum marianum seed extract and evaluation of protective effect of 

extract on cells survival in simulated gastrointestinal fluids. LWT. 2022 Aug 1;165.  

  

 


