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ABSTRACT 
This comprehensive review examines the potential of Aloe vera powder as a potent bioenhancer. Aloe vera has 
long been recognized for its numerous health benefits, and recent research has focused on its bioenhancing 
properties. The review provides a detailed analysis of the composition and bioactive components of Aloe vera 
powder, highlighting its vitamins, minerals, polysaccharides, and other compounds. It explores the mechanisms 
through which Aloe vera powder enhances bioavailability, including improved absorption, increased cellular 
uptake, and modulation of drug metabolism enzymes. The review discusses the diverse applications of Aloe vera 
powder as a bioenhancer in pharmaceuticals, nutraceuticals, and cosmeceuticals. Safety considerations and 
potential adverse effects are also addressed, emphasizing the importance of quality control in manufacturing 
processes. The review concludes by identifying research gaps and future directions for investigating the 
bioenhancing potential of Aloe vera powder. Overall, this comprehensive review consolidates existing 
knowledge and highlights the potential of Aloe vera powder as a versatile bioenhancer, contributing to 
advancements in drug delivery and optimization of bioactive compounds.  
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INTRODUCTION 

The use of natural compounds to enhance the 

bioavailability and efficacy of drugs and bioactive 

compounds has gained significant attention in recent years. 

Aloe vera, a succulent plant known for its therapeutic 

properties, has emerged as a promising bioenhancer [1]. 

Aloe vera powder, derived from the gel of Aloe vera leaves, 

contains a rich array of bioactive components that have 

been shown to possess bioenhancing properties [2, 3]. 

Bioenhancers have emerged as a promising approach to 

address these challenges. Bioenhancers are substances that 

enhance the absorption, distribution, metabolism, and 

elimination of drugs and bioactive compounds, thereby 

improving their bioavailability and therapeutic effects [4]. 

They play a crucial role in maximizing the potential of 

pharmaceutical and nutraceutical interventions [5]. 

The poor bioavailability of certain drugs and bioactive 

compounds can be attributed to various factors such as low 

solubility, degradation in the gastrointestinal tract, poor 

membrane permeability, and rapid metabolism [6, 7]. 

These limitations often result in suboptimal therapeutic 

outcomes and necessitate the use of higher drug doses, 

which may lead to unwanted side effects. 

In this context, the exploration of natural bio-enhancers 

presents a promising avenue for improving drug delivery 

and optimizing the efficacy of bioactive compounds. Aloe 

vera powder, derived from the gel of the Aloe vera plant, 

has gained significant attention due to its potential as a 

natural bioenhancer. 

Aloe vera has long been used in traditional medicine for its 

multiple therapeutic benefits. It contains various bioactive 

ingredients such as vitamins, minerals, polysaccharides, 

phenolic compounds, and enzymes that are reported to 

have bioenhancing effects. Aloe vera powder, obtained by 

processing Aloe vera leaf gel, provides these bioactive 

ingredients in a concentrated form. 

By harnessing the bioenhancing potential of Aloe vera 

powder, it is possible to enhance the absorption and 
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bioavailability of drugs and bioactive compounds. This can 

lead to improved therapeutic outcomes, reduced dosage 

requirements, and minimized side effects [8]. 

Aloe vera, a succulent plant native to various regions of the 

world, has been revered for centuries for its medicinal 

properties. It has been used in traditional medicine 

systems, such as Ayurveda and traditional Chinese 

medicine, for its diverse therapeutic applications. Aloe 

vera gel, derived from the inner leaf pulp, has been 

extensively studied and utilized for its beneficial effects on 

the skin, digestion, and immune system [9]. 

In recent years, Aloe vera has garnered attention for its 

potential as a bioenhancer – a substance that enhances the 

bioavailability and efficacy of drugs and bioactive 

compounds. This recognition is rooted in the composition 

and bioactive components of Aloe vera, which contributes 

to its bioenhancing properties [10]. 

Aloe vera is rich in polysaccharides, such as acemannan, 

mannose, and glucomannan, which have been shown to 

have immunomodulatory, anti-inflammatory, and 

antioxidant effects. These polysaccharides are believed to 

enhance the absorption and bioavailability of co-

administered drugs or bioactive compounds through 

various mechanisms, including the modulation of 

transporters and cellular receptors [11, 12]. 

Additionally, Aloe vera contains vitamins (A, C, and E), 

minerals (calcium, magnesium, and zinc), enzymes 

(amylase, lipase, and protease), and bioactive compounds 

like anthraquinones and flavonoids. These components 

contribute to the overall therapeutic potential of Aloe vera 

and may further enhance the bioavailability and efficacy of 

co-administered substances. 

The significance of Aloe vera as a bioenhancer lies in its 

potential to address the challenges associated with poor 

bioavailability and limited therapeutic outcomes of drugs 

and bioactive compounds [13]. By leveraging the natural 

bioenhancing properties of Aloe vera, it is possible to 

improve the absorption, distribution, metabolism, and 

elimination of co-administered substances, leading to 

enhanced therapeutic effects. 

Moreover, Aloe vera offers a natural alternative to 

synthetic bio-enhancers, potentially minimizing the risks 

of adverse effects and drug interactions. Its long history of 

traditional use and extensive scientific research supports its 

safety profile. 

Given the increasing demand for effective drug delivery 

systems and the optimization of bioactive compounds, the 

exploration of Aloe vera as a bioenhancer holds great 

promise. A comprehensive review of the scientific 

evidence regarding Aloe vera powder as a potent 

bioenhancer can provide valuable insights into its potential 

applications, mechanisms of action, safety considerations, 

and future directions [14]. 

The objective of this comprehensive review article is to 

provide a thorough evaluation and analysis of the scientific 

evidence surrounding the use of Aloe vera powder as a 

potent bioenhancer [15-17]. By examining the existing 

scientific literature, this review aims to consolidate the 

knowledge and evidence surrounding the use of Aloe vera 

powder to enhance the absorption, bioavailability, and 

therapeutic effects of drugs and bioactive compounds. 

RESULTS AND DISCUSSION 

Consolidate existing knowledge 

The review seeks to consolidate the existing scientific 

literature on the bioenhancing properties of Aloe vera 

powder. It aims to gather and analyze relevant studies, 

research articles, and clinical trials to provide a 

comprehensive overview of the subject matter. 

Examine the composition and bioactive components 

The review aims to delve into the composition of Aloe 

vera powder and highlight the key bioactive 

components responsible for its bioenhancing effects. It 

will explore the diverse array of vitamins, minerals, 

polysaccharides, enzymes, and other bioactive 

compounds present in Aloe vera powder. 

Explore the mechanisms of action 

The review intends to elucidate the mechanisms 

through which Aloe vera powder exerts its 

bioenhancing effects. It will examine how Aloe vera 

powder enhances absorption, improves bioavailability, 

modulates drug metabolism enzymes, and enhances 

cellular uptake of co-administered drugs or bioactive 

compounds. 

Evaluate applications in pharmaceuticals, 

nutraceuticals, and cosmeceuticals 

The review will investigate the potential applications of 

Aloe vera powder as a bioenhancer in various fields, 

including pharmaceuticals, nutraceuticals, and 

cosmeceuticals. It will examine how Aloe vera powder 

can enhance the efficacy and delivery of drugs, 

supplements, and bioactive compounds in these 

domains. 

Address safety considerations and potential adverse 

effects 

The review will address safety considerations 

associated with the use of Aloe vera powder as a 

bioenhancer. It will discuss the importance of 

standardized manufacturing processes and quality 

control to ensure the purity and safety of Aloe vera 

powder-based products. Potential adverse effects and 

precautions will also be examined. 

Identify research gaps and future directions 
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The review aims to identify current gaps in knowledge 

and research on Aloe vera powder as a bioenhancer. It 

will highlight areas where further investigation is 

needed and suggest future research directions, such as 

well-designed clinical studies, in vitro and in vivo 

experiments, and advanced analytical techniques to 

optimize the application of Aloe vera powder as a 

bioenhancer. 

Aloe vera plant and its extraction process [18-20] 

Aloe vera (Aloe barbadensis Miller) is a succulent plant 

that belongs to the Liliaceae family. It has been cultivated 

for centuries for its medicinal and therapeutic properties. 

Aloe vera plants typically have thick, fleshy leaves that 

contain a gel-like substance within. 

The extraction process of Aloe vera gel involves several 

steps to obtain a concentrated form known as Aloe vera 

powder. The process begins with harvesting mature leaves 

from the Aloe vera plant. These leaves are carefully 

selected to ensure their quality and potency. 

After harvesting, the leaves are washed thoroughly to 

remove any external impurities. This step is crucial to 

maintain the purity and quality of the Aloe vera gel. Once 

cleaned, the leaves are typically subjected to a peeling 

process to remove the outer rind, exposing the translucent 

gel inside. 

The gel is then carefully separated from the leaf by hand or 

using mechanical methods. It is essential to handle the gel 

gently to avoid contamination or degradation of its 

bioactive components. The extracted gel is collected and 

processed further to create Aloe vera powder. 

To convert the gel into powder form, various drying 

methods are employed. The most commonly used method 

is freeze-drying, which involves freezing the gel and then 

subjecting it to a vacuum where the frozen water is 

sublimated, leaving behind a dry powder. Alternatively, 

spray drying may be used, where the gel is sprayed into a 

hot air stream to evaporate the moisture, resulting in 

powder formation. 

The extraction process may also include additional steps 

such as filtration, homogenization, and standardized 

processing to ensure the purity, consistency, and 

concentration of the Aloe vera powder. These steps help 

preserve the bioactive components and enhance the 

bioenhancing properties of the final product. 

It is worth noting that the extraction process and 

manufacturing techniques can vary among different 

manufacturers and regions. Quality control measures, 

adherence to good manufacturing practices, and 

standardized extraction methods are crucial to ensure the 

safety and efficacy of Aloe vera powder as a bioenhancer. 

Key bioactive compounds present in Aloe vera powder [21-

23] 

Aloe vera powder contains a diverse range of bioactive 

compounds that contribute to its potential as a potent 

bioenhancer. These compounds have been extensively 

studied for their various therapeutic properties. Here is a 

description of some key bioactive compounds found in 

Aloe vera powder: 

Polysaccharides 

Aloe vera powder is rich in polysaccharides, including 

acemannan, glucomannan, and mannose. These 

polysaccharides have immunomodulatory effects and 

are known for their ability to stimulate the immune 

system. They have been shown to enhance the 

absorption and bioavailability of co-administered drugs 

or bioactive compounds by modulating transporters 

and cellular receptors. 

Vitamins 

Aloe vera powder contains several vitamins, including 

vitamin A, vitamin C, and vitamin E. Vitamin A is 

essential for maintaining healthy skin and mucous 

membranes, while vitamin C is an antioxidant that 

supports immune function and collagen synthesis. 

Vitamin E is known for its antioxidant properties and 

helps protect cells from oxidative damage. These 

vitamins contribute to the overall therapeutic potential 

of Aloe vera powder. 

Minerals 

Aloe vera powder is a source of essential minerals, such 

as calcium, magnesium, zinc, and potassium. Calcium 

plays a crucial role in bone health and muscle function, 

while magnesium is involved in numerous enzymatic 

reactions in the body. Zinc is essential for immune 

function and wound healing, and potassium helps 

maintain proper fluid balance and nerve function. The 

presence of these minerals in Aloe vera powder 

supports cellular processes and may enhance the 

bioavailability and efficacy of co-administered 

substances. 

Enzymes 

Aloe vera powder contains various enzymes, including 

amylase, lipase, and protease. These enzymes have 

digestive properties and aid in the breakdown of 

carbohydrates, fats, and proteins. They may enhance 

the absorption and bioavailability of co-administered 

substances by promoting their digestion and facilitating 

their interaction with cellular receptors and 

transporters. 

Anthraquinones 

Aloe vera powder contains anthraquinones, such as 

aloin and emodin. These compounds have been shown 

to possess anti-inflammatory and laxative effects. 

While their specific bioenhancing mechanisms require 
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further investigation, they may contribute to the overall 

therapeutic effects of Aloe vera powder by modulating 

inflammatory processes and improving gastrointestinal 

function. 

Other bioactive compounds 

Aloe vera powder also contains flavonoids, sterols, and 

saponins, among other bioactive compounds. 

Flavonoids are known for their antioxidant and anti-

inflammatory properties, while sterols have been 

associated with cholesterol-lowering effects. Saponins 

have antimicrobial and immune-stimulating properties. 

Although the specific bioenhancing mechanisms of 

these compounds are not fully understood, their 

presence in Aloe vera powder may synergistically 

contribute to its overall bioenhancing effects. 

 

Mechanisms of action of Aloe vera powder as a 

bioenhancer [24-30] 

Aloe vera powder has been recognized for its potential as a 

bioenhancer, improving the absorption, bioavailability, 

and therapeutic effects of co-administered drugs or 

bioactive compounds. The bioenhancing properties of Aloe 

vera powder can be attributed to several mechanisms of 

action, which are outlined below: 

Increased intestinal permeability 

Aloe vera powder has been shown to enhance intestinal 

permeability, facilitating the absorption of co-

administered substances. It helps open tight junctions 

between intestinal epithelial cells, allowing for 

improved paracellular transport of drugs or bioactive 

compounds. This increased permeability leads to 

enhanced absorption and bioavailability of the 

substances. 

Modulation of drug metabolism enzymes 

Aloe vera powder has been found to modulate drug-

metabolizing enzymes, such as cytochrome P450 

enzymes, in the liver and intestine. It can inhibit or 

induce specific enzymes involved in drug metabolism, 

leading to altered pharmacokinetics of co-administered 

drugs. This modulation can result in enhanced drug 

concentration, prolonged half-life, and improved 

therapeutic outcomes. 

Interaction with transporters 

Aloe vera powder can interact with various transporters 

present in the gastrointestinal tract, such as P-

glycoprotein (P-gp) and organic anion-transporting 

polypeptides (OATPs). By inhibiting or activating 

these transporters, Aloe vera powder can influence the 

absorption and distribution of co-administered 

substances, allowing for increased cellular uptake and 

improved bioavailability. 

Antioxidant and anti-inflammatory effects 

Aloe vera powder contains bioactive compounds with 

antioxidant and anti-inflammatory properties. These 

effects can help reduce oxidative stress and 

inflammation in the gastrointestinal tract, thereby 

creating a more favorable environment for absorption 

and minimizing potential barriers to drug delivery. 

Stimulation of mucus secretion 

Aloe vera powder has been shown to stimulate mucus 

secretion in the gastrointestinal tract. Increased mucus 

production can enhance the solubility and dissolution 

of co-administered drugs or bioactive compounds, 

facilitating their absorption and improving their 

bioavailability. 

Enhanced cellular uptake 

Aloe vera powder may enhance the cellular uptake of 

co-administered substances by promoting their 

interaction with cellular receptors and transporters. 

This increased cellular uptake can result in improved 

intracellular concentrations and enhanced therapeutic 

effects. 

Gut microbiota modulation 

Aloe vera powder has been found to influence the 

composition and activity of gut microbiota. The gut 

microbiota plays a crucial role in drug metabolism and 

absorption. By modulating the gut microbiota, Aloe 

vera powder may impact the metabolism and 

bioavailability of co-administered substances, 

ultimately enhancing their therapeutic effects. 

 

Applications of Aloe vera powder as a bioenhancer [17, 

31-33] 

Pharmaceutical applications 

Aloe vera powder as a bioenhancer holds great potential 

in pharmaceutical applications. Enhancing the absorption 

and bioavailability of co-administered drugs, can 

improve their therapeutic outcomes and optimize patient 

treatment. Some specific pharmaceutical applications of 

Aloe vera powder as a bioenhancer include: 

Oral drug delivery 

Aloe vera powder can be used to improve the oral 

bioavailability of a variety of drugs, including poorly 

soluble and poorly absorbed compounds, and can 

enhance the effects of oral medications by increasing 

their absorption and reducing the required dosage. 

Transdermal drug delivery 
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Aloe vera powder can also be incorporated into 

transdermal drug delivery systems to improve drug 

penetration through the skin. It enhances the absorption 

of drugs, such as topical analgesics or anti-

inflammatory agents, leading to enhanced therapeutic 

effects. 

Novel drug formulations 

Aloe vera powder can be utilized in the development of 

novel drug formulations, such as nanoparticles, 

liposomes, or microspheres. These formulations can 

improve drug solubility, stability, and absorption, 

resulting in enhanced therapeutic efficacy. 

 

Nutraceutical applications 

Aloe vera powder as a bioenhancer can also find 

applications in the nutraceutical industry, where it is used 

to enhance the absorption and bioavailability of bioactive 

compounds in dietary supplements. Some nutraceutical 

applications of Aloe vera powder as a bioenhancer 

include: 

Herbal extracts and supplements 

Aloe vera powder can be combined with herbal extracts 

or other bioactive compounds in dietary supplements to 

improve their absorption and enhance their therapeutic 

effects. This is particularly relevant for compounds 

with low oral bioavailability. 

Functional foods and beverages 

Aloe vera powder can be incorporated into functional 

foods and beverages to increase the bioavailability of 

specific nutrients or bioactive ingredients. It can 

enhance the absorption of vitamins, minerals, 

antioxidants, and other beneficial components present 

in these products. 

Sports nutrition 

In the field of sports nutrition, Aloe vera powder can be 

used to improve the absorption and utilization of 

performance-enhancing supplements, such as amino 

acids, creatine, or herbal extracts. It can optimize 

nutrient delivery to muscles and enhance exercise 

performance. 

Cosmeceutical applications 

Aloe vera powder as a bioenhancer also holds potential 

in cosmeceutical applications, where it can enhance the 

delivery and efficacy of active ingredients in skincare 

and cosmetic products. Some cosmeceutical applications 

of Aloe vera powder as a bioenhancer include: 

Topical skincare products 

Aloe vera powder can be incorporated into creams, 

lotions, gels, and serums to improve the absorption and 

penetration of active ingredients, such as antioxidants, 

moisturizers, or anti-aging compounds. It enhances the 

bioavailability of these ingredients, leading to 

improved skincare benefits. 

Hair care products 

Aloe vera powder can be used in shampoos, 

conditioners, and hair masks to enhance the absorption 

of nourishing and strengthening ingredients. It 

improves the delivery of nutrients to the scalp and hair 

follicles, promoting healthier and more lustrous hair. 

Dermatological treatments 

Aloe vera powder can be utilized in dermatological 

treatments, such as wound healing creams, sunburn 

treatments, or anti-inflammatory formulations. It 

enhances the absorption of active ingredients and 

promotes the therapeutic effect of various skin 

diseases.  

Safety considerations and adverse effects 

Importance of standardized manufacturing processes 

When considering the use of Aloe vera powder as a 

bioenhancer, it is crucial to emphasize the importance of 

standardized manufacturing processes. Standardization 

ensures the consistency, quality, and safety of the 

product. It involves rigorous testing and quality control 

measures to minimize the presence of contaminants and 

ensure the desired concentration of bioactive 

compounds. Standardization also helps in determining 

the appropriate dosage and formulation for safe and 

effective use. 

Potential adverse effects and precautions 

While Aloe vera powder is generally considered safe 

when used appropriately, there are some potential 

adverse effects and precautions to consider: 

Allergic reactions 

Some individuals may be allergic to Aloe vera. Allergic 

reactions can manifest as skin rashes, itching, or hives. 

It is important to perform a patch test before applying 

Aloe vera powder topically and to discontinue use if 

any allergic symptoms occur. 

Gastrointestinal disturbances 

Ingesting excessive amounts of Aloe vera powder may 

cause gastrointestinal disturbances, such as diarrhea, 

abdominal cramps, or electrolyte imbalances. It is 

crucial to follow recommended dosages and consult a 

healthcare professional if any adverse gastrointestinal 

effects occur. 
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Drug interactions 

Aloe vera powder may interact with certain 

medications, including antidiabetic drugs, 

anticoagulants, and diuretics. It is important to consult 

a healthcare professional if taking any medications to 

ensure there are no potential interactions. 

Pregnancy and lactation 

There is limited scientific evidence on the safety of 

Aloe vera powder during pregnancy and lactation. 

Pregnant or lactating individuals should exercise 

caution and consult a healthcare professional before 

using Aloe vera powder. 

Quality and purity 

Ensuring the quality and purity of Aloe vera powder is 

essential to minimize the risk of contamination and 

adverse effects. It is important to source Aloe vera 

powder from reputable manufacturers that follow strict 

quality control processes. 

Individual variations 

Individuals may respond differently to Aloe vera 

powder. It is recommended to start with a lower dosage 

and monitor for any adverse effects. If any unusual 

symptoms occur, it is advisable to discontinue use and 

seek medical advice. 

 

Future directions and research gaps 

Identification of gaps in knowledge 

Despite the growing interest in Aloe vera powder as a 

bioenhancer, there are still several gaps in knowledge 

that need to be addressed. Identifying these gaps will help 

guide future research and experimentation. Some key 

gaps in knowledge include: 

Mechanistic understanding 

While the mechanisms of action of Aloe vera powder 

as a bioenhancer have been explored to some extent, 

there is still a need for a deeper mechanistic 

understanding. Further research is required to elucidate 

the specific molecular pathways and cellular 

mechanisms through which Aloe vera powder enhances 

absorption and bioavailability. 

Optimal dosage and formulation 

The determination of optimal dosage and formulation 

is crucial for the safe and effective use of Aloe vera 

powder as a bioenhancer. Future research should focus 

on establishing standardized dosing guidelines and 

identifying the most appropriate formulations to 

maximize their bioenhancing effects. 

Human clinical trials 

While preclinical studies have provided valuable 

insights, there is a lack of well-designed human clinical 

trials evaluating the bioenhancing effects of Aloe vera 

powder. Conducting robust clinical trials is essential to 

validate the findings from preclinical studies and 

establish the efficacy and safety of Aloe vera powder in 

humans. 

Drug-specific interactions 

There is a need for more research to understand the 

potential drug-specific interactions of Aloe vera 

powder. Investigating its interaction with a wide range 

of drugs and bioactive compounds will help identify 

any specific interactions, potential synergistic effects, 

and the impact on therapeutic outcomes. 

Suggestions for future research and experimentation: 

To address the gaps in knowledge and advance the field 

of Aloe vera powder as a bioenhancer, the following 

suggestions for future research and experimentation can 

be considered: 

Mechanistic studies 

Conduct in-depth mechanistic studies to elucidate the 

underlying cellular and molecular mechanisms through 

which Aloe vera powder enhances absorption and 

bioavailability. This may involve exploring specific 

transporters, cellular receptors, signaling pathways, 

and interactions with drug-metabolizing enzymes. 

Human clinical trials 

Design and conduct well-controlled, randomized 

clinical trials to evaluate the bioenhancing effects of 

Aloe vera powder in specific drug formulations. These 

trials should involve a diverse population and assess 

various endpoints, such as pharmacokinetics, efficacy, 

and safety. 

Formulation development 

Investigate the impact of different formulation 

strategies on the bioenhancing effects of Aloe vera 

powder. This may include exploring novel delivery 

systems, such as nanoparticles or liposomes, to 

optimize drug solubility, stability, and absorption. 

Drug interactions 

Systematically evaluate the potential drug interactions 

of Aloe vera powder with a wide range of drugs. This 

research should include in vitro and in vivo studies to 

assess the impact on drug metabolism, transport, and 

therapeutic outcomes. 

Safety assessments 
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Conduct comprehensive safety assessments of Aloe 

vera powder as a bioenhancer, including long-term 

toxicity studies and evaluations of its use during 

pregnancy and lactation. This literature will offer 

valuable information on the safety profile and potential 

adverse effects. 

Comparative studies 

Compare the bioenhancing effects of Aloe vera powder 

with other known bio-enhancers or excipients. This 

will help determine its comparative efficacy and 

highlight its potential advantages or limitations. 

By addressing these research gaps and pursuing future 

research and experimentation, a more comprehensive 

understanding of Aloe vera powder as a potent 

bioenhancer can be achieved. This will contribute to its 

effective and safe utilization in pharmaceutical, 

nutraceutical, and cosmeceutical applications, 

ultimately benefiting patient care and therapeutic 

outcomes. 

CONCLUSION 

This comprehensive review highlights the potential of Aloe 

vera powder as a potent bioenhancer in various fields, 

including pharmaceuticals, nutraceuticals, and 

cosmeceuticals. With its rich composition of bioactive 

compounds and diverse mechanisms of action, Aloe vera 

powder offers the ability to enhance the absorption and 

bioavailability of co-administered drugs and bioactive 

compounds. Determining optimal doses and formulations, 

conducting human clinical trials, and understanding drug-

specific interactions are important areas for further 

research. Standardized manufacturing processes and safety 

considerations are very important for effective and safe 

use. The integration of Aloe vera powder as a bioenhancer 

can lead to improved therapeutic outcomes, offering a 

natural and alternative approach to enhance the efficacy of 

various compounds. Overall, Aloe vera powder holds great 

promise and warrants continued investigation to fully 

unlock its potential in enhancing drug delivery and 

optimizing therapeutic effects. 
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