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Abstract: A reservoir of food, chemical, and therapeutic molecules is produced by each plant 

through the synthesis of phytochemicals with special properties. It is crucial to extract 

phytochemicals using environmentally friendly solvents rather than conventional, non-

ecofriendly solvents in tandem with the development of green technologies. Traditional 

methods use large amounts of organic solvents, a lot of time, and a lot of energy, which has 

generated interest in newly developed clean or ecologically friendly methods. These might 

reduce or completely stop the use of dangerous solvents, safeguarding the environment and 

its resources. A green solvent called hydrotrope makes hydrophobic or hardly water-soluble 

substances, such sulphate, sulfonate, and carboxylate, more soluble in aqueous solutions. 

Additionally, it increases the solubility of phytoconstituents such diosgenin from dioscorea 

rhizomes, vanillin from vanilla beans, citral from lemongrass, piperine from black pepper, 

and limonin from sour orange herbs. Complexes of hydrotrope-solute are produced when 

hydrotropes and solutes interact strongly. Interjecting itself into the structure of liquid water 

and acting as a structure creator also affects the solvent's composition. As a result, it can self-

associate and form aggregates that can function as micelles at the lowest hydrotrope 

concentration. Contrary to these technologies, hydrotropy is a tried-and-true technique for 

dealing with solubility issues. Due to their unique qualities, ease of accessibility, excellent 

recovery, lack of fire risks, eco-friendliness, and high separation factors, hydrotropic 

solutions are in high demand in the industry. It has been shown that switching to green 

technology instead of traditional techniques may increase extraction yields, speed up 

processing, and lessen the harm that hazardous solvents cause to the environment. 

Additionally, it will help scientists better understand hydrotropy and enhance herbal 

medications. 

Keywords: Green technology, Hydrotrope, Hydrotropic solvent, Phytoconstituents, 

Extraction. 

 

 

1. Introduction 

For survival and everyday sustenance, humans have used plants for thousands of years. But 

ultimately, a shift in this viewpoint was brought about by the combined medicinal benefits of 

the many phytochemicals that plants generate 
[1]. 

Around 80% of the world 's demographic 

still resides in developing countries, particularly rural residents, and seeks care through 
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alternative modalities 
[2]. 

The major causes of this tendency are the development of adverse 

effects and microbiological resistance to chemically generated medications in medicine 
[3]

. 

Based on the molecular makeup of the molecules, alkaloids, terpenoids, and phenolic 

phytochemicals are distinguished from one another 
[4]

. Various green extraction methods 

have been developed recently with the growth of green extraction concepts. Green solvents, 

like water, are regarded as non-toxic, chemically neutral, and recyclable. Furthermore, they 

provide final products that do not deteriorate. When hydrophobic or sluggishly water-soluble 

phytoconstituents were isolated from natural origins, however, challenges might arise. 

Discovering a flaw less green solvents that works in every situation is rare. To extract less 

polar or non-polar phytochemicals, however, hydrotrope-based solvents are being used in an 

environmentally friendly way 
[5]

.
 

In the phytochemical process, the extraction of phytoactive ingredients from the plant 

source is the initial stage. The extraction of phytoconstituents requires the solubility and 

surface permeability of the solvent. Due to the solubility issue, several phytoconstituents are 

frequently not removed during the standard extraction method. Therefore, 100% extraction is 

not accomplished. Numerous strategies have been used repeatedly to address this issue. One 

procedure that aids in solving numerous problems is super-critical fluid extraction, although 

it has several limitations regarding automation, viability, and cost. The usage of hydrotropes 

is a cutting-edge strategy to solve all of these issues 
[6]

. 

2. Conventional Techniques 

Soxhlet, maceration, and hydrodistillation are the primary traditional extraction methods used 

with bioactive chemicals. A tiny quantity of dry sample is applied to the apparatus that the 

solvent goes through in the Soxhlet procedure. Up till the extraction is finished, the operation 

is repeated. The extracted process is optimised, and there are multiple real-world examples in 

the literature 
[7,8]

. During maceration, the model is disassembled into minute pieces to 

maximize the sample's surface area and ensure proper mixing with the solvent. The sample's 

surface is cleaned of the concentrate solution by the agitation of the maceration process, 

which facilitates diffusion and extraction. This method has long been used to produce 

bioactive chemicals and essential oils. The dried chokeberry (Aronia melanocarpa) fruits 

were used to separate polyphenols using the traditional approach 
[9,10]

. In addition, it 

investigated how different factors affected total phenolic and anthocyanin extraction. The 

particle size, solvents, solid-solvent ratio, and extraction time (as independent variables) were 

studied at two-factor levels. As previously mentioned, the investigation found that steeping 

was an efficient and straightforward method for removing bioactive components from 

chokeberry fruit. Using distilled water and hydrodistillation, which normally takes 6 to 8 

hours without using organic solvents, the volatile component of food is removed. The three 

fundamental physicochemical processes used in this procedure are hydrodiffusion, 

hydrolysis, and thermal breakdown. The potential for chemical deterioration at high 

temperatures during extraction limits the use of this approach 
[11]

.  

Organic compounds that are volatile and nonvolatile can be physically separated and 

removed in a single process using hydrodistillation. Azeotropic distillation is used to separate 

the high volatility organic components from the matrix before they are concentrated, 

accumulated, and sorted in a Florentine flask. The soluble in boiling water especially non 

organic chemicals that come into interface with the matrix within the alembic are eliminated. 

However, hydrodistillation takes a long time and uses a lot of energy. Since solvents with 

various polarities are required for identification and separation, the efficacy of traditional 

extraction techniques depends on the solvent of choice as well as the polarity of the 
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component. Chemicals have different polarity. Hence it is challenging to create a single 

extraction technique that is effective for all compounds 
[12]

. 

3. Challenges with Conventional Methods of Extraction 

During the extraction of phytoconstituents, the various problems are raised as mentioned 

below- 

a. Both active and inactive components, such as oils, gums, and carbohydrates, can be 

extracted from raw materials using a continuous solvent extraction process. This process 

is called consistent hot extraction (Soxhlet extraction). As a corollary, methods for 

solvent extraction are commonly utilised to produce the intricate extract. Then, using 

multi-step procedures like chromatography or crystallisation, this has to be purified. It is 

challenging to use significant volumes of flammable, high volatility organic solvents for 

extraction as well as to handle solvents residues that persist in the finished product owing 

to the poor extract quality 
[13]. 

b. Supercritical fluid extraction and high-pressure steam treatment may also boost extraction 

rates by using an osmotic shock and carbon dioxide. However, because to their significant 

price, these methods can only be used to materials with a great quality and minimal 

quantity 
[14]

. 

c. Strong dynamic straining caused by ultrasound therapy causes cell wall rupture, 

increasing productivity and bulk rates in a variety of solid-liquid extraction procedures. 

However, because to its limited effect, applying ultrasound to a significant amount of 

unprocessed matter would be futile 
[15]

.
 

d. It is necessary to effectively diffuse out the essential oil from solid plant materials in a 

manner that can be scaled up to commercial quantities before adequately extracting it 

from the solid matrix. Essential oil extraction is a specific use for microwave-mediated 

processes that benefits from its controllability and small equipment size (portability). 

However, up until this point, microwave technology has been used to purify 85% of the 

piperine found in black pepper. Piperine was preferentially isolated from Piper nigrum 

fruit by cell permeabilization and hydrotropes. 90% of the piperine was recovered was 

pure and free of oleoresins 
[16].

  

Hydrotropy uses hydrotropes to increase an insoluble solute's capacity to dissolve in 

water. Thus, when added at relatively high acceptable concentrations, hydrotropes (metallic 

salts and organic acids) improve the aqueous solubility of weakly aqueous-soluble 

substances. The extraction of phytoactive substances, chemical processing of materials, 

creation of water dye solutions, production of pharmaceutical formulations, the nutrition 

industry, design of detergent solutions, coater in the paint industry, additive for plastic 

products, and selective separation 
[17-19]

. Additionally, hydrotropic compounds are 

particularly useful as transporters for pharmacological active components in a variety of 

products, including medicines, cosmetics, agrochemicals, and alternative drug delivery 

systems. These elements have caused both the supply and consumption of these agents in 

industry to rise. As a consequence, hydrotropes' adequate physicochemical potential is 

successfully used as an eco-friendly solvent for organic processes as well as in analytical 

drug assessment in both pure form and formulations, paving the way for more employment in 

the future 
[20-22]

. 

4. Hydrotropes 

As small, very hydrophilic amphiphilic molecules, hydrotropes are organic salts. These 

compounds have short or branch alkyl chains linked to ionic or polar groups 
[23]

. Aromatic 

rings may be used to replace a sulfate, carboxylate, or sulfonate group in hydrotropes, 

increasing their hydrophobicity. For example, alkylbenzene sulfonates are commonly used 

hydrotropes made up of polyhydroxy benzene, toluene, xylene, cumene, sodium salts of 



European Journal of Molecular & Clinical Medicine 

 

             ISSN 2515-8260    Volume 09, Issue 07, 2022 

 

6950 
 

lower alkanols, and derivatives of aromatic acids 
[24]

. By permeabilizing plant cells, 

hydrotropes like sodium butyl monoglycol sulfate and sodium alkyl benzene sulfonates were 

employed to selectively extract water-insoluble or non-polar phytoconstituents. Sodium 

toluene sulfonate, sodium salt of cumene sulfonate, cymene sulfonate benzene sulfonate, and 

sodium xylene sulfonate (SXS) are some more hydrotropes. Drug solubilization, chemical 

reactions, separation of organic compounds, extraction of curcuminoids (turmeric), diosgenin 

(Dioscorea rhizomes), boswellic acids (Bswellia serrataresins), piperine (Piper nigrum), and 

embelin (Embelica ribes) have all been considered to require the hydrotropes to self-

aggregate 
[25-29]

.
 

Hydrotropic agents are ionic organic salts that, by salt in or salute actions, help to 

enhance or reduce a solute's solubility in a particular solvent. Hydroptropic salts refer to salts 

that exhibit "salt in" of non-electrolytes, while "hydrotropism" refers to the phenomena. Even 

due to a lack of colloidal characteristics, they increase solubility by creating a tenuous bond 

with solutes 
[30]

. A hydrotropic molecule may communicate with a less aqueous-soluble 

molecule through weak van der Waals interactions, including the attractive dipole-dipole 

interaction 
[ 31].

  

Hydrotropes have both hydrophilic and hydrophobic fractions. However, they include 

a much less hydrophobic proportion than surfactants 
[32]

. The ability of the hydrotrope to be 

dissolved depends on how well its hydrophobic and hydrophilic components balance one 

another 
[33]

. The hydrotropic efficiency of an addition increases with the amount of its 

hydrophobic component, but it decreases when the hydrophilic component has a charge 
[34]

. 

In nature, hydrotropic substances can be liquids or solids, organic or inorganic, anionic, 

cationic, or neutral. These are freely soluble organic molecules that, by aggregating in a 

stack-like fashion, augment the solubility of organic substances in an aqueous medium 
[35]

. 

4.1. Truly Solubilizing Hydrotrope  

A solubilizer as a surfactant enhanced the solubility of the insoluble substance in solvents due 

to micelle. Usually, elements that increase the micelle's width or aggregation number cause 

solubilization to rise. Fatty soaps, polyethoxylated nonionic, and quaternary ammonium are 

commonly used solubilizers. The level of solubilization rapidly increases as soon as it attains 

CMC. Therefore, hydrotropes are only helpful at substantial dosages
 [25]

.
 

4.2. Mechanism of Action 

Several ideas have been proposed to elucidate the mechanisms behind hydrotropy, and 

experimental research has been carried out. Numerous scholars have researched the evolution 

of hydrotropy processes; these studies may be categorized into three basic categories 
[36]

.  Hydrotrope-solute complexes are primarily known to arise due to strong interactions 

between hydrotropes and solutes 
[37].

 

According to the subsequent theory, hydrotropes are referred to be structure creators or 

structure breakers since they introduce themselves into the structure of liquid water, altering 

the solvent's structure 
[38]

. The penultimate mechanism claims that hydrotropes may self-

associate and form aggregates to function as micelles at a certain concentration known as the 

minimum hydrotrope concentration (MHC) 
[ 39]

.
 

The basic principle of hydrotrope to enhance water solubility of water-insoluble 

substances due to the self-association of molecules and the interaction of hydrotrope 

molecules with the solutes. Although widely used in many industrial applications, little is 

understood about the mechanisms behind hydrotropism. Numerous research and speculative 

projects are helping to clarify the hydrotrope's mechanics 
[ 40]

. The suggested mechanisms 

may be categorized into three designs as- 

A. Possibility of self-aggregation. 

B. Both structure-makers and -breakers. 
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C. The ability to create structures resembling micelles. 

The unusual geometrical traits and association patterns of the hydrotropes assemblies set 

them apart from other solubilizers.  

a. The cell wall of plants is composed of double phospholipid bilayers. The hydrotrope 

breaks down the phospholipid bilayer and passes via the cell wall to reach the internal 

organelles of the cell. The water soaking has a minor effect on the cork cell wall made up 

of suberin lamella and cellulose. Water cannot enter the cork cell due to the suberin 

lamella. However, the hydrotrope solutions separate the water-tight suberin lamella from 

the completely formed cork cells. The cork cell layers are broken up by the hydrotrope, 

which allows the water solution to seep through the cell wall. The cells are released from 

tightly bound structures when exposed to the interior section of the cell to the hydrotrope 

solution. When diluted with water, hydrotropic solutions induced the dissolved solutes to 

precipitate out of the resolution, allowing for the rapid recovery of the solutes 
[ 41]

.
 

b. Hydrotropes destabilized W/O and O/W microemulsion, and lamellar liquid crystal 

(known as the hydrotrope-solubilization action) causes phase transition from the lamellar 

liquid crystal phase to the bi-continuous structure. Vitamin C is necessary for hydrotrope-

solubilization 
[42]

. 

c. Coupling agents are called hydrotropes. A phase transition occurs when hydrotropes are 

introduced to a turbid liquid, clearing the fluid 
[43]

. 

 

5. Applications of Hydrotropes in Extraction of Phytoactive Compounds from Plants 

To create personal care products and enhance the aqueous solubility of hydrophobic 

biomolecules, novel cationic hydrotropes are employed. The ionic liquids and cationic 

hydrotropes enhanced the solubility of Gallic acid and Vanillin in water. The ionic liquid's 

chemical makeup, temperature, therefore, concentration are the main contributors to 

dissolving the poor biomolecules. The specific application of these ionic liquid aqueous 

solutions, used as substitutes for improving the extraction and addressing the solubility issues 

of Vanillin and Gallic acid in the water, was connected to the mechanism of high-

performance biomolecule extraction from biomass observed. Utilizing such ionic liquid, the 

solubility of the above biomolecules was boosted 40 times more, resulting in amazing 

hydrotropic properties of ionic liquids. Recently, the most remarkable recovery of solutes 

from these biomolecules in water was achieved using the precipitation approach in an 

aqueous media 
[44].

 

a. Birchwood lignin was produced using a modified hydrotropic method. The research 

showed the usefulness of the hydrotropic process based on hydrotrope, a conventional 

technique in the addition of formic acid and hydrogen peroxide to the procedure of lignin 

extraction from industrial birch wood chips has enhanced 
[45]

. Other substances used were 

extractives, carbohydrates, and examining the lignins' elemental compositions. The 

acquired lignins produced up to 16.1% of both non-lignin compounds and significant 

levels of lignin chemicals. Significant structural changes in lignin include a reduction in 

aliphatic hydroxyls and an increase in phenolic ones. The pulp and biorefinery industry 

used rocking digester (10 L) to express hydrotropic lignin. It facilitates the hydrotropic 

process by using a 36% hydrotropic solution based on wood (2.5% formic acid) and the 

amount 
[46].

 

b. Non-micellar hydrotrope help to dissolve poorly water-soluble drugs using nicotinamide 

as a hydrotrope 
[47].

 

c. The chemical foundation of nicotinamide's hydrotropic effectiveness was explained by a 

rigorous statistical thermodynamic theory linked to the Kirkwood-Buff theory of 

solutions. The mechanism used by niacinamide to increase solubility was based on two 
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opposing forces. Preferential drug-nicotinamide interaction is much stronger than urea 

due to strong nicotinamide self-association, and it becomes much stronger as 

concentration goes up, reducing the efficiency of per-hydrotrope solubilization. findings 

on solubility amplified over MHC. Create a fresh viewpoint on the non-stoichiometric 

hydrotropic nicotinamide accumulation that surrounds the medication. 

d. Aza-Micheal reactions take place in hydrotropic aqueous media that contains glycerin. In 

a study, hydrotropes like water have been found to have advantageous characteristics 

including non-toxicity, colourless, odourless liquid, vast availability, and renewability to 

be used as a helpful green solvent. The Aza-Michael reaction was focused on glycerin in 

an aqueous environment. The reaction was tested using various glycerin concentrations in 

water for each session. A high yield of the intended product was obtained at the 50% 

concentration, which was found to be suitable for the transformation. Hydrotropes 

composed of a 50% aqueous glycerin solution in water were therefore used. Similar to 

this, successful reports of the Aza-Micheal reaction's production of amino nitriles in a 

solution of 50% glycerin have been made. The reaction's % conversion rate increased 

considerably as a result of multiple experiments carried out at room temperature 
[48]

. 

e. Using a green hydrotropic process, gold nanoparticles (AuNPs) were produced from the 

biomass of Cucurbita pepo L. 

f. A researcher employed Cucurbita pepo extracts with great success in their green 

hydrotropic bio-catalyzed synthesis of AuNPs. The growing media that has been treated 

with extra metal ions from plants affects the production and structure of AuNPs. Smaller 

sized spherical nanoparticles from the shoot extracts were mixed with the root extract 

(AuNPs). When root extracts are grown in the presence of Cu (II), Ag (I), or Au (III), 

interesting nanoparticles with treatment-dependent morphologies are formed; shoot 

extracts were not a part of this phenomena. The redox state of the cell, which is affected 

by the presence of the metals, is protected by antioxidant compounds, and it has been 

shown that plants produce metal-chelating molecules for their detoxification 
[49]

. 

g. By fractionating sugarcane bagasse using a water-based hydrotropic technique, it is given 

a value. A study demonstrated the separation of sugarcane bagasse using a green 

hydrotropic technique. In order to create valuable chemicals and biopolymers from agro-

industrial waste, sodium xylene sulfonate (SXS) with a purity of >90% may be utilised as 

a hydrotropic agent. A significant produced fraction, the cellulose pulp had a yield of 44-

67% and a cellulose concentration of 60-92%. By diluting with water and filtration, lignin 

that was dissolved during the treatments were isolated. The amounts of dissolved 

hemicelluloses, sugar monomers, furfural, acetic acid, and formic acids, in addition to the 

lignin content, varied depending on the treatment conditions. As a consequence, it is 

successfully used in the hydrotropic process of fractionating sugarcane bagasse into 

lignin, cellulose, and other components in order to vaporize it 
[50]

. 

h. The usage of the watery hydrotrope combination to bring about the crystallisation of 

cinnamic acid and curcumin. In a study scientist used alternating heating and cooling 

cycles for crystallisation to generate crystals of curcumin and cinnamic acid in an agitated 

reactor using the hydrotropic agent sodium cinnamate (Na-CIN) as a photosensitive 

agent. Curcumin formed spheroidal crystals over temperature cycles in the studies, while 

cinnamic acid created porous aggregates. The micelle formation of surfactants, their 

amphiphilic nature, and the aggregation formation of hydrotropes in watery solutions 

cause an organic molecule to become dissolvable. The hydrophobic properties of the 

hydrotrope molecules thus operated against the electrostatic repulsion permitted between 

similarly charged head groups, giving them an ideal aggregation number (m) for these 

self-assemblies 
[51]

. 
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i. As a solvent with a green nanostructure, Cyrene's dissolving characteristics were 

enhanced by providing it with adjustable solubilization qualities in water. Cyrene 

generates remarkable amounts of its capacity to create germinal diol. In this view, with 

the bulk of ketones in fluid configurations, the ketone-geminal diol harmony needs to be 

with the ketone. Many ketone compounds, such as cyclo-heptanone, are insoluble in 

water 
52]

. 

j. Micropolarity tests evaluated the aggregation behavior of a kind of cationic hydrotrope, 

BmimTOS, utilizing a variety of analytical methods, including fluorescence, 

conductivity, surface tension, resonant light scattering, and dynamic light scattering 

measurement. It was found that the microstructure containing the probe pyrene suffered 

from reduced micropolarity and conductivity due to the formation of small aggregates 

after C1. In addition, the surface tension began to decrease much more gradually. When 

BmimTOS concentration exceeded C2, the small aggregate's structure altered, resulting in 

higher totals. Thus, when the micropolarity of the microstructure reduced further, a much 

slower increase in conductivity was seen. In summary, BmimTOS aqueous solution 

produced small aggregates at low concentrations, whereas bigger aggregates developed at 

high concentrations based on the changed architectures of these smaller aggregates. The 

unconventional micelle-like micro-polarity measurements of these aggregates explain the 

peculiar mechanism of the involved hydrotrope 
[53]

. 

k. Green synthesis: For numerous industrial organic transformations, hydrotropes offer a 

straightforward, effective, and environmentally friendly platform. Hydrotropic solutions 

also provide different physicochemical characteristics needed for green solvents for 

organic processes. These are affordable, non-toxic, non-flammable, and environmentally 

beneficial. A practical choice for rapid synthesis, the aqueous hydrotropic approach offers 

several benefits in green chemistry, including easy handling, a cleaner reaction profile, 

high conversion rates, and a brief reaction time. It recovered from the reaction mixture, 

and its recycling capacity is an additional crucial property of hydrotropic media. 

Therefore, this methodology is a desirable green chemistry method due to the simplicity 

and compounds recovered from hydrotropic solutions 
[54].

 

 

Table 1: Role of hydrotropes in the extraction of phytoconstituents from medicinal 

plants. 

Hydrotropes Phytoconstituen

ts 

Purpose/Out comes 

Glycerol Ethers Gallic acid Increased solubility led to an estimate of the 

amount of solute recovered from the 

hydrotropic solution 
[55]

. 

Recyclable acid 

hydrotropes (p-TsOH) 

Lignin Enhanced delignification capabilities were a 

factor in the interaction energy with the greatest 

level 
[56]

. 

Maleic Acid Lignin strengthening lignin's ability to lubricate during 

mechanical nanofibrillation to create cellulose 

nanofibrils 
[57]

. 

Tetraethylammonium 

chloride (TEAC) 

Graphene oxide 

(GO) 

Hydrotropes spontaneously and synergistically 

adsorb on GO sheets 
[58]

. 

Amyl Xyloside short-

chain alkyl 

polyglycosides (heptyl 

glucoside (C7Glu) 

Carnosic acid Excellent selectivity improved the passive 

extractions of carnosic acid 
[59]

. 
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Meglumine (Meg) and 

arginine (Arg) 

Curcumin quicker drug release and a 6.3-fold greater area 

beneath the curve than the Cur suspensions 
[60]

. 

Choline salicylate hexadecyltrimeth

ylammoni um 

increased micelle elongation between hydrated 

deep eutectic solvents and hydrotrope 
[61]

. 

Promethazine 

hydrochloride 

Aniline 

hydrochloride 

(AnHCl) 

higher AnHCl micellar mole fraction values 
[62]

. 

Meglumine and 

Pyroglutamic acid 

Curcumin The aqueous phase (Megulmine) and the oil-

rich area have a wider miscibility gap 

(Pyroglutamic acid) 
[63]

. 

Hexyl triethylene 

glycol and Butyl 

ethylene glycol, Butyl 

or pentyl diethylene 

glycol 

Dunaliella salina 

microalgae 

Fatty esters used in biofuels may be recovered 

easily by lipid transesterification 
[64]

. 

Niacinamide and 

Vanillin 

Caffeine Caffeine was dissolved in water at 25°C, 

reducing the hydrotrope concentration in the 

combined hydrotrope 
[65]

. 

6. Green Technologies  

Low yield and security hazards like solvent toxicity and solvent residues in the extracts have 

sparked the development of alternative extraction methods like clean or green technologies 

that can reduce or completely do away with organic solvents. These methods, which also go 

by the name "cold extraction techniques," do not influence the stability of the extracted 

molecules and need less energy to remove them 
[ 66,67].  

It is moving toward a dry bio-refinery that fully valorizes fruit and vegetable by-

products utilizing microwaves and ultrasound without needing solvents or additional water. 

Faster extraction rates, more efficient energy usage, higher mass and heat transfer, smaller 

equipment, and fewer processing stages are the goals of these green extraction techniques. 

The use of these technologies aims to protect the environment and its resources as well 
[ 68,69].

  

The main principles or core notions of green chemistry have been attempted to be 

outlined by certain writers. Green chemistry frequently calls for the use of the following 12 

elements: safer solvents and auxiliary materials, renewable raw material synthesis, prevention 

(minimising waste), economy of atoms (maximising the inclusion of all starting elements in 

the finished product), safe product design (which performs the required function while being 

non-toxic), the pursuit of renewable energy (limited ecological and economic consequences), 

and prevention 
[ 70]. 

6.1. Extraction of Phytochemicals 

The 5-stage universal recovery process includes macroscopically pre-processing, segregation 

of macromolecules and micro molecules extract, refinement, and products manufacture, is 

employed to recover phytochemicals from plant sources 
[71]

. Extraction is the simplest but 

most crucial stage in this process (Figure 1). This prevents the phytochemicals' potential 

"green value" from being lost, altered, or destroyed 
[72]

.
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Figure 1: Schematic representation of Extraction process of phytoconstituents from 

natural medicinal sources. 

This section describes the specific principles underlying the hydrotrope-based 

phytochemical extraction process. The quantity of hydrotrope utilised to extract the 

phytochemicals and the method by which they are separated from the hydrotropic solvents 

have an impact on the economics of the extraction process. Hydrotrope and plant matrix 

interaction, hydrotropes first adhere to the cellulose cell walls of the plant matrix because 

they are a surface-active chemical 
[73].

 It is easier for hydrotrope molecules to permeate the 

cellulose structure of the plant material because of the improved wettability of the cell wall 

caused by the decrease in surface tensions at the contact. By dissolving some of the 

components of the cell wall, hydrotrope penetration into the structure of the cell wall and 

membrane has the potential to cause molecular chaos and change the permeability of the 

membrane. Liquid lamellar formations that mimic cellular membrane structures may become 

disorganised in the presence of hydrotropes. A hydrotrope affects the permeability of the cell 

membrane by modifying its molecular structure, making it easier for the hydrotropic solvent 

to reach the target phytochemical 
[74,75]. 

Increased hydrotrope concentrations make more hydrotrope molecules accessible to 

further disorganize the cell matrix and increase the permeability of the biomatrix. In addition 

to the hydrotrope penetration technique, the following factors significantly affect the 

phytochemical extraction rate: The ability of hydrotrope molecules to lower the surface 

forces that increase the surface tension of plant cell walls is the first benefit. The capacity to 

self-associate with the hydrophobic moieties in the molecule at a certain concentration would 

be another consideration. The primary cause of a solute's inability to dissolve in water is 

hydrogen bonding inside the molecule. The hydrotrope-solute aggregation is considerably 

boosted by the interaction of the hydrotropes with the sulphonyl and carbonyl groups in this 

instance, which acts as a hydrogen acceptor. However, hydrotropes with an amino or 

hydroxyl group are thought to work as possible hydrogen donors 
[76]

.
 
Additional factors that 

may influence extraction rate include hydrogen bonding, intermolecular interactions, stacking 

of the hydrotrope with the plant cell wall, and others. Because of the solute's characteristics, 
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particularly its size and the presence of hydrophilic groups like -OH, -NH2, and -CHO, the 

molecule is much more soluble in hydrotropic solvents 
[77]

.
 

Researchers have created a variety of safer and non-harmful techniques for 

phytochemical extraction to promote the idea of "green chemistry”, Green extraction includes 

both solvent-based and solvent-free extraction. The popularity of this method was 

nevertheless constrained by a number of issues related to solvent-free extraction, including 

significant heat consumption, mass transfer restrictions, and high viscosity 
[78]

. Solvents like 

water, supercritical fluid, and bio-based solvents are often viewed as dependable and 

advantageous to the environment when it comes to extraction processes based on these 

substances. Due to the lack of motivation to solubilize less-soluble or nonpolar molecules, the 

use of water for extraction has been restricted, requiring partitioning with a bio-based solvent 

like ethanol 
[73]

.
 
Many studies have used ethanol extraction to examine phytochemicals such 

vanillin, xanthone, citral, and many more. For this approach to be useful, the polarity of the 

solvent necessitates the use of aided extraction techniques such soxhlet and ultrasonication to 

increase solubility. Since ethanol is a volatile medium, a large volume of solvent is often 

needed for extraction 
[79]

. In contrast, the manufactured items, as shown in Table 2, had poor 

crystal quality and purity. The use of supercritical fluid as a green solvent is well 

acknowledged. However, this solvent was unattractive due to the expensive equipment setup 

and challenges with solubilizing large-molecular-weight molecules. Ionic liquids (ILs) are 

often thought of as environmentally friendly solvents due to their exceptional qualities, such 

as high conductivity and thermal stability. Due to the toxicity imposed by these solvents, 

these standards are inadequate to classify this solvent as green. Hydrotropic solvents and 

easily accessible green solvents are compared based on similar criteria. According to our 

knowledge, agitation, shaking, and homogenization were used in the majority of hydrotropic 

solvent extractions. A number of assisted extraction techniques can be used to boost a 

compound's solubility in hydrotropic liquids
 [78]

. 
 

Table 2: Different non-conventional methods assisted in extraction of phytoconstituents 

and their principle and advantages. 

Non-

Conventional 

Methods 

Principle Specific parameters Advantages 

Ultrasonic 

assisted 

extraction 

(UAE) 
[80]

 

Microjets and shock waves 

disrupt the cellular matrix, 

and turbulence and acoustic 

streaming increase mass 

transfer. 

Frequency 

Intensity/power/amplitud

e Temperature of the 

solvent Characteristics of 

a matrix Time required 

for extraction  

Simple, faster 

collection 

Microwave 

assisted 

extraction 

(MAE)
 [81]

 

Improve heat and mass 

transmission by raise the 

ambient temperature and 

pressure quickly 

Frequency Control of 

microwave power and 

temperature Pressure 

control Refluxing 

Reduced extraction 

duration and liquid-

to-solid ratio 

Enzyme assisted 

extraction 

(EAE) 
[82]

 

The release of bound target 

bioactive from 

macromolecules is caused 

by cell wall breakage and 

disintegration. 

Type, quantity, and 

specificity of enzymes 

external control variables 

(e.g. pH, temperature) 

Eco-friendly, 

efficient and 

encounters potential 

commercial and 

technical short 

comings. 



European Journal of Molecular & Clinical Medicine 

 

             ISSN 2515-8260    Volume 09, Issue 07, 2022 

 

6957 
 

Pressurized 

Liquid 

Extraction 

(PLE) 
[83]

 

High pressure is utilized for 

extraction to substitute 

water or an organic solvent. 

Extraction temperatures, 

pressure, nature of 

solvents, rinse volume 

High yield. 

High Voltage 

Electrical 

Discharge 

(HVED)
 [84]

 

In the solution, elevated 

compression shock waves, 

bubble cavitation, and liquid 

turbulence are responsible 

for plant ruptures. 

Discharge voltage, peak 

current, pulse duration 

and interval, polarity 

reduced energy input 

compared to MAE, 

UAE, and PLE 

Pulsed electric 

field (PEF) 
[85]

 

High intensity electric fields 

created over hydrotropic 

liquids cause plant cells to 

break. 

Electric field strength, 

pulse frequency, flow 

conditions and flow rate. 

Rapid extraction, 

higher yield of 

extremely pure 

extract, and 

nonthermal 

 

7. Applications of Hydrotropic Solvents in Extraction Phytoactive Constituents 

Hydrotropic solvents are used for extraction of various phytoactive constituents to medicinal 

plants and also altered their yield, as summarized in Table 2. 

7.1. Vanillin (Vanilla Beans)  

Vanillin (A) (a phenolic compound) is one of the most well-known flavours of vanilla beans. 

Vanillin is extracted from vanilla beans utilizing natural solvent such hexane, acetone, 

ethanol, methanol, chloroform, and acetonitrile. Since vanilla extract is widely used in the 

food, beverage, cosmetics, and pharmaceutical industries, it is crucial to ascertain its vanillin 

concentration. The form of vanillin that is most soluble in water is the non-ionic aromatic 

hydrotrope nicotinamide, which is widely used in the pharmaceutical industry. Citric acid, 

resorcinol, and sodium salicylate are among hydrotropes (NaSal). The connection between 

vanillin solubility and nicotinamide concentration is not linear, despite the fact that vanillin 

gets more soluble (up to 2.6 mol/L) with nicotinamide, or the MHC, and Cmax. The 

hydrophobic region of the solute is assumed to be where niacinamide's main mechanism of 

action involves binding to create complex molecules. An alternative hypothesis, however, 

contends that nicotinamide produces solubility by dismantling the water's self-assembled 

structure, that recognized to have chaotropic properties 
[ 86-88]. 

HO

O

O

 
(A) 

7.2. Citral (Lemongrass) 
The primary chemical in lemongrass oil, which is made through the leaves of 

Cymbopogonflexuosus (Steud.) Wats, is citral (B), an aliphatic aldehyde. Citral is frequently 

found in foods, beverages, candies, perfumes, as well as various cosmetic products as a 

lemon flavouring and scenting element. Citral also has sedative, anti-depressant, antiviral, 

antifungal, and anti-tumor properties. Citral has a tremendous amount of promise, thus a 

hydrotropy solubilization technique that combines NaSal and NaCS has been researched 

(sodium cumene sulfonate). Using Taguchi methods improved the extraction. The highest 

concentration of citral was acquired for both hydrotropes using 0.25 mm of plant material at 

1.75 M hydrotrope concentration with solid loading (5%) at 30°C. NaCS was less effective 

than NaSal in extracting citral.To understand the extraction process, plant leaves were 
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examined under a microscope. Additionally, effective recycling of the hydrotropic solution 
[ 

89]. 

O  
(B) 

7.3. Piperine (Black Pepper) 
Piperine (C) is the primary alkaloid in Piper nigrum or black pepper. It has an anti-

inflammatory impact, depresses the central nervous system, and possesses chemo-therapeutic 

properties against pro-sarcoma. In order to protect cancer patients against radiation, it is also 

given to them before therapy. The phytochemical was the first amide from the Piper species 

that was extracted.  A second purification procedure is necessary to remove the essential oils, 

particularly oleoresin, which are typically present in comparable proportions in piperine that 

is extracted traditionally. Piperine that has been hydrotropically extracted is purer than 

petroleum ether-based extract. The hydrotrope molecules display exceptional selectivity for 

the targeted solute and solid penetration into the cellular structure because piperine is 

significantly concentrated in the fruit's pericarp. When a hydrotrope molecule penetrates the 

cell wall and causes molecular chaos, enhancing the plant matrix's permeability, the cell wall 

components gradually disintegrate. 90% of the hydrotropically extracted piperine was 

oleoresin-free and recovered at rate of 95%. The purest and greatest yield percentage of 

piperine were obtained by NaNBBS extraction (sodium n-butyl benzene sulfonate) 
[90,91]. 

O

O

N

O

 
(C) 

7.4. Curcuminoids (Turmeric) 

Turmeric (Curcuma longa), a plant belonging to the Zingiberaceae family, contain curcumin 

(D) is widely known for its many health advantages, including its strong anti-fungal, anti-

cancer, anti-inflammatory, anti-bacterial, and anti-parasitic properties. Hydrotropes have been 

shown to directly affect cell structure, increasing the accessibility of curcuminoids by 

dissolving or rupturing cell wall or membrane components. According to studies, NaCS is the 

hydrotrope that effectively extracts curcuminoids. Since hydrotrope and curcuminoids were 

both present in the recovered precipitate, it also exhibited a continuously diminishing 

quantity of solubilized curcuminoid at a concentration greater than 1.0 mol/dm3, comparable 

to piperine 
[92,93]. 

OO

HO

O

OH

O

 
(D) 

7.5. Limonin (Sour Oranges) 
Limonin (E) (a tetracyclic triterpenoid) in citrus fruits has many therapeutic uses and high 

oxygen concentration. It has cytotoxic efficiency against pancreatic cancer in addition to 

hemoprotective, anti-cancer, anti-cancer, anti-cancer, antioxidant, and anti-inflammatory 

effects. To assess the impact of the variables, like hydrotrope strength, loading capacity of 
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raw material (%), and extraction temperature, a response surface analysis (RSA) of the 

information was performed. In addition, also employed the Box-Behnken box design for the 

study. At a 2M concentration, an extraction temperature (45 °C), and solid loading (10%), 

NaCS produced a highest limonin yield (0.65 mg/g seeds), but NaSal only produced 0.46 

mg/g seeds under the same circumstances
 [ 94,95]. 

O

O

O

O

O

O

O

O

H

H

 

(E) 

7.6. Diosgenin (Dioscorea Rhizomes) 
Inside the star zone of the Dioscorea plant (tuber), dioscin, a glycosylated form of 

diosgenin (F), is often present. A steroidal saponin from the triterpene family is the first 

component utilized to make therapeutic products. Aqueous solutions of aromatic hydrotropes, 

such as NaCS, NaIBBS, NaPTS, PTSA, and NaNBBS, were studied for cell penetration and 

successive dioscin extraction. The regenerated dioscin has been successively hydrolyzed in 

the equivalent hydrotropic solution as diosgenin without running into the many breaks to 3,5-

diene present in the traditional (conventional) approach. The conventional method uses 

organic solvents such as hexane, chloroform, acetonitrile, and n-butanol. The recovery of 

diosgenin required an extra acid hydrolysis step that affects the cellular structure, similar to 

how the hydrotrope destroys lamellar liquid crystal f              ,              , 

           ,                                                                        

                                                    ,                      ,                 

with better than 95% purity, although recovery was only around 80% 
[96,97]. 

O

O

HO  

(F) 

 

 

Table 2: Phytochemical extraction using hydrotropic solvents.  

Phytoco

nstituent

s 

Biological 

Source 

Plant 

part for 

Extractio

n 

Hydrotro

pe 

Optimum MH

C 

(M) 

Cma

x 

(M) 

Effective 

Hydrotro

pe 

(Y: P)% 

Tempera

ture ℃ 

Solid 

loading 

(%) 

Vanillin 
[86]

 

V. 

planifolia 

Beans Nicotinam

ide 

59.85 4 0.20 2.60 Nicotina

mide 

(80:90) NaSal 0.30 2.40 
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Resorcinol 0.40 2.20 

Citral 
[89]

 

 

Cymbopog

onflexuosu

s 

Leaves NaSal 62.85 5 0.5 2.0 NaSal 

NaCS 53.85 

Piperine 
[90]

 

Piper 

nigrum 

Fruit NaCS NF 10 NF 2.0 NaNBBS 

(97:90) NaXS NF 2.0 

NaPTS NF 2.0 

NaNBBS 59.85 0.1 2.0 

NaBMGS 0.8 2.0 

Curcumi

noid 
[93]

 

Curcuma 

longa 

Rhizome NaCS 49.85 5 0.1 1.0 NaCS 

(47:90) NaNBBS 0.1 1.0 

PTSA 0.38 2.0 

NaBMGS 0.7 2.5 

NaSal 0.65 4.0 

Limonin 
[94]

 

Nomilin Fruit NaCS 44.85 10 0.1 2.0 NaCS 

NaSal 0.65 2.0 

Diosgeni

n 
[97]

 

Dioscorea 

alata 

Tubers NaNBBS 69.85 5 NF 2.0 NaCS 

(80:95) NaIBBS NF NF 2.0 

NaCS NF 2.0 

NaPTS NF 2.0 

PTSA NF 2.0 

Xanthon

e 
[98]

 

Garcinia 

mangosta

na 

Pericarp 

(fruit) 

NaSal 59.85 3 0.67 NF NaSal 

Embelin 
[99]

 

Embelia 

ribes 

Berries NaCS 59.85 5 0.1 3.0 NaNBBS 

(95:92) NaNBBS 49.85 NF NF 

NaPTS NF NF NF 

NaXS 0.1 3.0 

Forskolin 
[100]

 

Coleus 

barbatus 

Roots 

and 

tubers 

NaCS 89.85 5 NF 2.0 NaCS 

NaPTS NF 2.0 

Reserpin

e 
[101]

 

Rauwolfia 

serpentina 

Roots NaCS 59.85 6 NF 2.0 NaCS 

(96:16) NaPTS 39.85 NF 2.0 

NaNBBS 49.85 NF 2.0 

 

8. Hydrotropy: Perspectives 

Hydrotropes are potential agents that can improve solubility and speed up the extraction 

process. It has been demonstrated that various phytochemicals may be extracted from plant 

materials using hydrotropic solvents. Their application has increased in several operational 

domains as a result of hydrotropy advancement. Remarkably, the use of hydrotropic 

chemicals in formulation development is becoming more widely acknowledged 
[102].

 Their 

potential for solubility, in addition to being non-toxic, non-flammable, and environmentally 

benign, has been validated by several experimental tests. However, because their significant 

deleterious effects on healthy cells during effective aiming have not yet been revealed, there 

are presently a number of difficulties with their formation modelling and toxicological 

profile. Hydrotropic processes, stability in biological solutions, biocompatibility, and 

improved efficacy will all be closer to reality when advancements in hydrotropy and 

innovative drug delivery strategies surpass the competition. This approach is anticipated to 

significantly progress the development of improved therapeutic delivery for both critically 
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important molecules with restricted therapeutic indices and poorly water-soluble medicines 
[103]. 

Numerous facts about this carrier have been examined as a result of technological 

advancements and ongoing research, including its use in the chemical industry to produce 

aqueous dye solutions, as carriers in the creation of cosmetics, as agrochemical entities, in 

different drug delivery systems as drug release modifiers, and many other pertinent 

applications. Another fantastic use for hydrotropes is in ionic liquids, which act as potent 

cationic hydrotropes and enhance the solubility of biomolecules like acid and vanillin in 

water. Additionally, the hydrotrope form of nicotinamide works as a non-micellar agent to 

aid in the dissolution of medications with limited water solubility. Sodium derivatives of p-

toluene sulphonate, cumene sulphonate, and xylene sulphonate were shown to be the best 

candidates for the chemical synthesis of chemicals in terms of acquired product yield. At the 

time, hydrotropes were also recognized. Moreover, it was found that plant-based ATP, which 

had been beautifully researched as a biological hydrotrope in controlling plant protein 

solubility and preserving cell stability as well as the activities of other multimolecular protein 

machines, had a versatile usage. By applying cutting-edge technology to isolate and extract 

bioactive components, the hydrotrope-assisted approach boosts yield. Hydrotropes can also 

be used for other things 
[104-109]

.
 

9. Conclusions 

After the success of numerous techniques for increasing dissolvability, the hydrotrope-based 

approaches are appropriate and acceptable for enhancing the solubility of water-insoluble 

pharmaceuticals. Their exceptional qualities include water solubilizing them as an alternative 

solvent (solubilizer), inflammability to avoid risks, and excellent electrical conductivity. 

Further, it promotes their acceptance, and hydrotropes have shown to be highly helpful in 

various sectors. There are, however, a great deal more issues that need attention. Most 

research has described how hydrotropes are employed, but they have yet to discuss their 

importance or procedure. The results of this investigation would show a connection between 

changes in the plant cell wall's permeability and the concentrations of hydrotrope MHC. 

Additionally, it is essential to look at the synergistic effects of extraction using a combination 

of hydrotrope solvents. Finally, hydrotropes are one of the most promising and cost-efficient 

solvents for extracting phytoconstituents. 
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AnHCL: Aniline hydrochloride 
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NaBMGS: Sodium butyl monoglycol sulfate 

NaXS: Sodium xylene sulfonate 

 NaSa : Sodium salicylate; 

NaIBBS: Sodium iso-butylbenzene sulfonate 

PTSA: p-Toluenesulfonic acid; NF: Not found. 

 

 



European Journal of Molecular & Clinical Medicine 

 

             ISSN 2515-8260    Volume 09, Issue 07, 2022 

 

6962 
 

REFERENCES 

1. J. Azmir, I. S. M. Zaidul, M. M. Rahman, K. M. Sharif, A. Mohamed, F. Sahena, M. H. 

A. Jahurul, K. Ghafoor, N. A. N. Norulaini and K. M  O   , “                          

of bioactive compounds from plant materials: A review”, Journal of Food Engineering, 

2013, 117(4), 426-436.  

2. R  H        G     , “P                 A    icrobial screening of the polar and 

non-polar solvent root             V               ”, International Journal of 

Pharmacognosy Phytochemical Research, 2013, 5(4), 315–320. 

3. M. M. Poojary, K. A. Vishnumurthy and A. A  V       , “E         , characterization 

and biological studies of phytochemicals from Mammea suriga”, Journal of 

Pharmaceutical Analysis, 2015, 5(3), 182–189. 

4. G  B       , L        , A           , G                  G  M        , “I             

characterization of bioactive compounds from plant resources: The role of analysis in 

the ethnopharmacological approach”, Journal of Pharmaceutical and Biomedical 

Analysis, 2014, 87, 218-228. 

5. Y. Gu     F  J     , “B  -based solvents: an emerging generation of fluids for the 

design of eco-efficient processes in catalysis and organic chemistry”, Chemical Society 

Reviews, 2013, 42(24), 9550–9570 

6. G. Horvath-Szabo, Yin. Q and S.E. F       , “    H       pe Action of Sodium 

Xylenesulfonate on the Solubility of Lecithin”, Journal of Colloid and Interface 

Science, 2001, 236(1), 52-59.  

7. G          ,    B     , S  M       , A  B      , V            F        , “E          

of kiwi seed oil: Soxhlet versus four different nonconventional techniques”, Natural 

Product Research, 2011, 25(10), 974-981. 

8. K  X      , A  K    , A  M           K   , “U                                 

                                        “M   ”                    A      ”, Journal of 

Essential Oil Bearing Plants, 2013, 16(4), 421-428. 

9.  A. Padiyar, O. P  A           R j    , K, “H         ,                 ,           

solvency as trending concept for solubilization of lipophilic drugs”, Advances Pharm 

Product Development and Res, 2020, 16(5),145-178. 

10. N. Cujic, K. Savikin, T. Jankovic, D. Pljevljakusic, G  Z    ć     S  Ibric, 

“O                                                                                

traditional technique”, Food Chemistry, 2016, 194, 135– 142. 

11.    W , F  W   , J  L  , Y  Z       X      , “A                                  

obtained from Lonicera macranthoides via different extraction processes: Ultrasound, 

microwave, Soxhlet extraction, hydrodistillation, and cold maceration”, Integrative 

Medicine Research, 2015, 4(3), 171-177. 

12. L. Petigny, S. Périno, M. Minuti, F. Visinoni, J. Wajsman and F. Chemat, 

“S                                                                   -volatile organic 

compounds of boldo leaves. From lab to industrial scale”, International Journal of 

Molecular Sciences, 2014, 15(5), 7183-7198.  

13. P        , B  K    , M  K   , G  K        H  K   , “P          al screening and 

Extraction: A review”, International Pharmaceutica Sciencia, 2011 ,1(1), 96-106. 

14. S.S. Agrawal, and M. Paridhavi, “H                     ”, U                 , 

Hyderabad, 2007, Edition 1
st
. 

15. G  R         V  G  G     , “M        -assisted extraction of piperine from Piper 

nigrum”, Industrial & Engineering Chemistry Research, 2002, 41(10). 2521-2528. 



European Journal of Molecular & Clinical Medicine 

 

             ISSN 2515-8260    Volume 09, Issue 07, 2022 

 

6963 
 

16. P. P. Dongre,    M  K     , V  K             B          , “S           R       

Hydrotropes in Extraction of Phytoconstituents- A review”, International journal of 

pharmaceutical sciences and research, 2011, 2(4),730-734. 

17. K. M. Huh, S. C. Lee, Y. W. Cho and J. Lee, “Hydrotropic polymer micelle system for 

delivery of paclitaxel”, Journal Control Release, 2005 ,101, 59–68. 

18. J. Y. Kim, S. Kim, R. Pinal and K. Park, “Hydrotropic polymer micelles as versatile 

vehicles for delivery of poorly water-soluble drugs”, Journal of Control Release, 2011, 

152(1), 1–20. 

19. S. C. Lee, K. M. Huh, J. Lee, Y. W. Cho, R. E  G            P   , K, “H           

polymeric micelles for enhanced paclitaxel solubility: in vitro and in vivo 

characterization”, Bio macromolecule, 2007 ,8(1), 202-208. 

20. J. H. Park, K. M. Huh, S. C. Lee, W. K. Lee, T. Ooya and K. Park, “Nanoparticulate 

Drug Delivery Systems Based on Hydrotropic Polymers, Dendrimers, and Polymer 

Complexes”, NSTI Nanotech, 2005, 1, 124-127. 

21. R.K. Maheshwari, S. Jawalker, F. Jahan, S. Patel and D. Mehtani, “Application of 

mixed-hydrotropy in the titrimetric analysis of Aceclofenac bulk drug sample”, Bulletin 

of Pharm Res, 2011, 1, 44-46.  

22. R. K. Maheshwari and A. Indurkhya, “Formulation and evaluation of aceclofenac 

injection made by mixed hydrotropic solubilization technique”, Iran Journal of 

Pharmaceutical and Research, 2010, 9, 233-242. 

23. U. S. Baghel and V. Dhiman, “Exploring the application of hydrotropic solubilization 

phenomenon for estimating diacerein in capsule dosage form by spectrophotometry 

methods”, Asian Pasific Journal of Tropical Biomedical, 2012, 1691(12), 60484-60485. 

24. P. Bauduin, A. Renoncourt, A. Kopf, D. Touraud, and W. Kunz, “Unified concept of 

solubilization in water by hydrotropes and cosolvents”, Langmuir, 2005, 21(9),6769–

6775.  

25. M            J  P     , “              S         A           B           

Hydrotropic Solution”, World Academy of Science, Engineering and Technology, 

2009, 57, 227-229.  

26. J. Lee, S. C. Lee, G. Acharya, C. Chang and K. Park, “Hydrotropic solubilization of 

paclitaxel analysis of chemical structures for hydrotropic property”, Pharmaceutical 

Research, 2003, 20(7), 1022-1030.  

27. B. M. Khadilkar, V. G. Gaikar and A. A. Chitnavis, “Aqueous hydrotrope solution as a 

safer medium for microwave enhanced hantzsch dihydropyridine ester synthesis”, 

Tetrahedron Letters, 1995, 36(44), 8083- 8086. 

28.    V               V  G  G     , “H                                           

turmeric”, Separation Science and Technology, 2003, 38(5),1185-1215.  

29. C. Latha, “Selective extraction of embelin from Embelia ribes by hydrotropes”, 

Separation Science and Technology, 2006, 41(16), 3721 – 3729. 

30. V. Kumar, C. Raja, C. Jayakumar, “A review on solubility enhancement using 

hydrotropic phenomena”, International Journal of Pharmacy and Pharmaceutical 

Sciences, 2014, 6(6), 1-7. 

31. M. G. Neumann, C. C. Schmitt, K. R. Prieto and B. E. Goi, “The photo physical 

determination of the minimum hydrotrope concentration of aromatic hydrotropes”, 

Journal of Colloid and Interface Science, 2007, 315(2), 810-813.  

32. N. Kapadiya, I. Singhvi, K. Mehta, K. Gauri and D. Sen, “Hydrotropy: A promising 

tool for solubility enhancement: A review”, International Journal of Drug Development 

and Research, 2011, 3(2),26-33. 

33. J. Kim, S. Kim, M. Papp, K. Park and R. Pinal, “Hydrotropic solubilization of poorly 

water-soluble drugs”, Journal of Pharmaceutical Sciences, 2010, 99(9), 3953-3965. 



European Journal of Molecular & Clinical Medicine 

 

             ISSN 2515-8260    Volume 09, Issue 07, 2022 

 

6964 
 

34. P. Bauduin, A. Renoncourt, A. Kopf, D. Touraud and W. Kunz, “Unified concept of 

solubilization in water by hydrotropes and co solvents”, Langmuir. 2005, 21(15), 6769-

6775. 

35. N. J. Balaji, “Hydrotropic Solubilization of Albendazole”, Indian Journal of 

Pharmaceutical Education and Research, 2004, 41(2), 150-154. 

36. D. Balasubramanian, V. Srinivas, V. G. Gaikar and M. Sharma, “Aggregation behavior 

of hydrotropic compounds in aqueous solution”, Journal of Physical Chemistry, 1989, 

93(21), 3865–3870. 

37. R. C. Silva, M. Spitzer, H. M. Luis, and W. Loh, “Investigations on the mechanism of 

aqueous solubility increase caused by some hydrotropes”, Thermochimica Acta, 1999, 

328(1–2) ,161–167. 

38. R. Coffman and D. Kildsig, “Hydrotropic solubilization: Mechanistic studies”, 

Pharmaceutical Research, 2010, 13(10), 1460–1463 

39. C. Subbarao, I. Chakravarthy, A. Bharadwaj and K. Prasad, “Functions of hydrotropes 

in solutions”, Chemical Society Reviews, 2012, 35(2), 225–237. 

40. K. Szabo, P. Wang, B. Peles-Lemli, Y. Fang, L. Kollar and S. Kunsagi-Mate, “Structure 

of aggregate of hydrotropic ptoluene sulfonate and hydroxy aceto phenone isomers”, 

Colloids and Surfaces A: Physicochem. Eng. Aspects, 2013, 422, 143–147. 

41.            E     , “P            ”, Rajkamal Electric press, Delhi, 2005, Edition 

15
th

. 

42. R. G  , Q  Z    , J  Q        A     Z  , “H                        -solubilization 

action of penicillin-K in CTAB/n-C5H11OH/H2O system”, Physicochemical and 

Engineering Aspects, 2002, 196, 223– 234. 

43. S. E. Friberg, “Hydrotropes”, Current Opinion in Colloid & Interface Science, 1997, 

2(5),490-494. 

44. A. M. Filipa, M. C. Cláudio, K. Shimizu, N. Jose and L. Canongia, “The magic of 

aqueous solutions of ionic liquids: Ionic liquids as a powerful class of catanionic 

hydrotropes”, Green Chem, 2015, 17, 3948-3963. 

45. K. Gabov, J. A. Richard, I. Annika and P. Fardim, “Characterization of lignin extracted 

from birch wood by a modified hydrotropic process. Journal of Agricultural and Food 

Chemistry, 2014, 62(44), 10759-10767,  

46. K. Gabov, P. Fardim, D. S. Junior, “Hydrotropic fractionation of birch wood into 

cellulose and lignin: a new step towards green biorefinery”, BioResources, 2013, 8(3), 

3   −3 3   

47. J. J. Booth, M. Omar, S. Abbott, and S. Shimizu, “Hydrotrope accumulation around the 

drug: the driving force for solubilization and minimum hydrotrope concentration for 

nicotinamide and urea”, Physics in Chem, 2015, 17(12),8028-803.  

48. S. Kamble, A. Kumbharb and S. J. R. Salunkhe, “Aza-micheal reaction in glycerol as a 

sustainable hydrotropic medium”, Materials Today: Proceedings, 2015, 2(4-5), 1792-

1798,  

49. C. Gonnellia, F. Cacioppo, C. Giordanob, L. Capozzolib and C. Salvaticib, “Cucurbita 

pepo L. extracts as a versatile hydrotropic source for the synthesis of gold nanoparticles 

with different shapes”, Green Chem Letters Revision, 2015, 8, 39-47,  

50. K. Gabova, J. Hemming and P. Fardim, “Sugarcane bagasse valorization by 

fractionation using a water-based hydrotropic process. Industrial Crops and Products, 

2017,108,495-504. 

51. N. Rathi and V.G. Gaikar, “Crystallization of curcumin and cinnamic acid from 

aqueous solutions of hydrotropes”, Journal of Crystallization Process and Technology, 

2018, 8(3), 73-87. 



European Journal of Molecular & Clinical Medicine 

 

             ISSN 2515-8260    Volume 09, Issue 07, 2022 

 

6965 
 

52. M. De bruyn, V. L  B      , A  M            S  S      , “G       diol of 

dihydrolevoglucosenone as a switchable hydrotrope: Dissolution by nano-

structuralization”, A C S sustainable chemistry & engineering, 2019, 7(8), 7878–7883.  

53. T. Yina, Y. Chena and W. Shena, “Aggregation of an ionic-liquid type hydrotrope 1-

Butyl-3- Methylimidazolium p-toluenesulfonate in aqueous solution”, Colloids 

Surfaces, 2019, 564, 95-100. 

54. S. Kamble, A. Kumbhar, S. Jadhav and R. Salunkhe, “Microwave assisted attractive 

and rapid process for synthesis of octahydroquinazolinone in aqueous hydrotropic 

solutions”, Procedia Materials Science, 2014, 6, 1850–1856. 

55. B. P. Soares, D. O. Abranches, T. E. Sintra, A. L. Duaso, J. I. García, E. Pires, S. 

Shimizu, S. P. Pinho and J. A. P. Coutinh, “Glycerol ethers as hydrotropes and their use 

to enhance the solubility of phenolic acids in water”, ACS Sustainable Chemistry & 

Engineering, 2020, 8(14), 5742-5749. 

56. Ji. Hairui and L. Pingli, “Mechanistic insights into the lignin dissolution behaviors of a 

recyclable acid hydrotrope, deep eutectic solvent (DES), and ionic liquid (IL)”, Green 

Chemistry, 2020, 22(4), 1378-1387. 

57. C. Cai, K. Hirth, R. Gleisner, H. Lou, H. Qiu and J. Y  Z  , “M                

dicarboxylic acid hydrotrope for sustainable fractionation of wood at atmospheric 

             ≤ 00 ° :                                          ”, Green Chemistry, 

2020, 22(5), 1605-1617 

58. G. A. Turpin, S. A. Holt, J. M. P. Scofield, M. T. Boon and F.    R   , “S           

adsorption of graphene oxide to oil–water and air–water interfaces by adsorption of 

hydrotropes”, Advanced Materials Interfaces, 2020, 7(9), 1-9. 

59. R. A. Mazaud, R. Lebeuf, C. Pierlot, M. Laguerre and V. N. Rataj, “Amyl xyloside, a 

selective sugar-based hydrotrope for the aqueous extraction of carnosic acid     ”  

ACS sustainable chemistry & engineering, 2021, 9(13), 4801-4811. 

60. Y  Z   ,    W , Y  L , Y      , H  L      W  Y   , “I                          

solubility and bioavailability of curcumin: Its complex formation, and solid-state 

characterization”, Drug Developement. and Industrial Pharmacy, 2021, 47(9), 1392-

1400,  

61. A. S. Fernandez, A. E. Leung, E. J. Kelley and A. J  J      , “                 : 

Hydrotrope-induced micellar growth in deep eutectic solvents”, Journal of Colloid and 

Interface Science, 2021, 581(Pt A), 292-298. 

62. Y. G. Alghamdi, M. A. Rub, M. Azum and A. M  A    , “I                            

aggregation behavior of drug and cationic hydrotrope aniline hydrochloride mixtures: A 

physicochemical assessment”, Journal of Physical Organic Chemistry, 2021, 34(1), 37-

53,  

63. P. Degot, D. Funkner, V. Huber, M. Koglm    ,                K   , W, “Extraction 

of curcumin from Curcuma longa using meglumine and pyroglutamic acid, 

respectively, as solubilizer and hydrotrope”, Journal of Molecular Liquids, 2021, 334, 

1-9.  

64. R. Lebeuf, A. Mazaud and V. N  R   j, “H           cloud point extraction of lipids 

from microalgae: A new pathway for biofuels production”, Energy Fuels, 2021, 35(24), 

20151-20159. 

65. S. Park, I. Kim, S.vH. Lee, K.vW. Park and M.vS  S   , “S           system of caffeine 

using mixed hydrotropy of niacinamide and vanillin”, Review of International 

Geographical Education, 2021, 11(8), 2092-2098. 

66. B. K        , “U         : A      ,                            ”, TrAC Trends in 

Analytical Chemistry, 2015, 71, 100-109 

https://pubag.nal.usda.gov/?f%5Bjournal_name%5D%5B%5D=ACS+sustainable+chemistry+%26+engineering&f%5Bpublication_year_rev%5D%5B%5D=7979-2021&f%5Bsource%5D%5B%5D=2021+v.9+no.13


European Journal of Molecular & Clinical Medicine 

 

             ISSN 2515-8260    Volume 09, Issue 07, 2022 

 

6966 
 

67. M. Jacotet-Navarro, N. Rombaut, S. Deslis, A. S. Fabiano-Tixier, F. X. Pierre, A. Bily 

and F.       , “Ultrasound versus microwave as green processes for extraction of 

rosmarinic, carnosic and ursolic acids from rosemary”, Ultrasonics Sonochemistry, 

2015, 27, 102-109. 

68. A  M                    , “P                                                         

and herbal plants extraction: A review”, Analytica Chimica Acta, 2011, 703(1), 8–18.  

69. R. P. F. F. Silva, T. A. P. Rocha-Santos and A. C.       , “S                      raction 

of bioactive compounds”, Trac Trends in Analytical Chemistry, 2016, 76, 40–51. 

70. E. J. Lenardao, R. A. Freitag, M. J. Dabdoub, A. C. F. Batista and C. D. C. Silveira, 

“G              :      2                     chemistry and it insertion in the teach and 

research activities”, Química Nova, 2003, 26(1), 123–129. 

71. C. M  G        , “R                     -value components from food wastes: 

Conventional, emerging technologies and commercialized applications”, Trends Food 

Science and Technology, 2012, 26(2), 68–87. 

72. S. Sasidharan, Y. Chen, D. Saravanan, K. M. Sundram and Y. L  L    , “E         , 

isolation and characterization of bioactive compounds from plant extracts”, African 

Journal of Traditional, Complementary and Alternative Medicines. 2011, 8(1), 1–10. 

73. S. P. Mishra and V. G  G     , “R                                                   

aqueous hydrotropic solutions of sodium cumene sulfonate”, Industrial and Engineering 

Chemistry Research, 2004, 43(17), 5339– 5346 

74. S. P. Mishra and V. G  G     , “A                                            

solubilizing agent for andrographolide from andrographis paniculata leaves”, Separation 

Science and Technology, 2006, 41(6), 1115–1134.  

75. V. Srinivas, G. A. Rodley, K. Ravikumar, W. T. Robinson, M. M. Turnbull and D. 

B              , “M                                              ”, Langmuir, 1997, 

110(7), 3235–3239 

76. S. A. Narang and R. I  M     , “         delivery of small and macromolecular drugs”, 

CRC Press, U.S.A, 2010, Edition 1
st
. 

77. V. G. Sadvilkar, B. M. Khadilkar, V. G  G     , “A                                   

effective reaction media for the synthesis of 4-Aryl- 1, 4- dihydropyridines”, Journal of 

Chemical Technology Biotechnology, 1995, 63(1), 33–36. 

78.   M  G        , “F    waste recovery: Processing technologies and industrial 

techniques”, A        P    , O     , U K, 2015, Edition 1
st
. 

79. A  S    , S  A         A  A    , “G                methods and environmental 

applications of carotenoids-a review”, RSC Advanced, 2015, 5(77), 62358–62393.  

80. V. Niraimathi, A. J. Suresh and A. Alageswaran, “UV Spectrophotometric 

Determination of Fenofibric Acid by Using Hydrotropy”, International Journal of 

Pharmaceutical Sciences and Research, 2015, 6(2), 451-458. 

81. J. M. Prado, P. C. Veggi and M. A. A  M       , “E                                

carotenoids from vegetables - review”, Current Analytical Chemistry, 2014, 10(1), 29–

66. 

82. L. Laroze, C. Soto and M. E  Z     , “P                     ~                 

raspberry wastes assisted by-enzymes”, Electronic Journal of Biotechnology, 2010, 

13(6), 11–12.  

83. I F  S          V  O         , “R                                                -

products – A review”, Food Research International, 2014, 65(1), 311–321 

84. N. Boussetta, M. Turk, C. Taeye, Y. Larondelle, J. L. Lanoiselle and E. Vorobiev, 

“E                                           ,                                          

extraction of total polyphenols and lignans from flaxseed cake”, Industrial Crops and 

Products, 2013, 49, 690-696. 



European Journal of Molecular & Clinical Medicine 

 

             ISSN 2515-8260    Volume 09, Issue 07, 2022 

 

6967 
 

85. E  P        , O           , E  L     , I  A           J  R   , “P     -electric-field 

assisted extraction of anthocyanins from purple-fleshed potato”, Food Chemistry, 2013, 

136(3-4), 1330–1336. 

86. D. Jadhav, B. N. Rekha, P. R. Gogate and V. K  R     , “(200 ) E                      

from vanilla pods: A comparison study of conventional soxhlet and ultrasound assisted 

extraction”, Journal of Food Engineering, 2009, 93(4), 421–426.  

87. A. K. Sinha, U. K  S          N  S     , “A                                       : 

extraction, isolation and quantification of vanillin and others constituents”, International 

Journal of Food Science Nutrition, 2008, 59(6), 299–326. 

88. N. N. Dhinakaran, M. Mora       A  B  G     , “E                              

hydrotropy”, Asian Journal of Chemistry, 2012, 24(12), 1-6. 

89. M. A            J  P     , “H                                                

flexuosus (Steud.) Wats”, Industrial and Engineering Chemistry Research, 2012, 51(1), 

3750–3757 

90. S. S. Rathod and V. K  R     , “E                           P                  

ultrasound”, Industrial Crops and Products, 2014, 58(1), 259–264. 

91. G. Raman and V. G  G     , “E           f Piperine from Piper nigrum (Black pepper) 

by hydrotropic solubilization”, Industrial and Engineering Chemistry Research, 2002, 

41(12), 2966–2976 

92. G. M. Kuttan, P. Bhanumathy and K. N      , “Potential anticancer activity of turmeric 

(Curcuma longa)”, Cancer Letters, 1985, 29(2), 197–202. 

93. D. V. Dandekar and V. G  G     , “H                                           

turmeric”, Separation Science and Technology, 2003, 38(5), 1185–1215. 

94.    L  , J  L  , Y  R   , N  L         L  R   , “A                     limonin from 

Citrus reticulate Blanco”, Czech Journal of Food Science, 2012, 30(4), 364–368. 

95. R        , M R  L          F  M        , “A                                   

potential health benefits of limonoids and their derivatives”, Critical Reviews in Food 

Science and Nutrition, 2014, 54(2), 225–250. 

96. X  L , J  M , J  X       Y  S  , “S                                                   -

assisted ethanol”, African Journal of Biotechnology, 2014, 13(8), 973–977.  

97. J. Nino, D. A. Jimenez, O. M. Mosquera and Y. M        , “                         

by HPLC in a Dioscorea polygonoides tuber collection from Colombian flora”, Journal 

of Brazilian Chemical Society, 2007, 18(5), 1073–1076. 

98. D. G. Prakash, P. Panneerselvam, S. Madhusudanan     V  A     , “H           

extraction of xanthones from mangosteen pericarp”, Advances in Materials Research, 

2014, 984–985(1), 372–376. 

99.    L    , “S                                                                ”, 

Separation Science and Technology, 2007, 41(16), 3721–3729. 

100. S. P. Mishra and V. G  G     , “H                                              

forskolin from coleus forskohlii roots”, Industrial and Engineering Chemistry Research, 

2009, 48(17), 8083–8090. 

101. A. Srivastava, A. K. Tripathi, R. Pandey, R. K. Verma and M. M  G    , “Q            

determination of reserpine, ajmaline, and ajmalicine in rauvolfia serpentina by reversed- 

phase high-performance liquid chromatography”, Journal of Chromatography Science, 

2006, 44(1), 557–560. 

102. Patil, S. Devtalu, M. Bari     S  B      , “A          : Novel solubility enhancement 

technique hydrotropy”, Indo Am. J. Pharm Res, 2013, 3, 4670–4679. 

103. B. S      , F  A         M  A     , “E                           /                 

antioxidant activity of selected medicinal plant extracts”, Molecules, 2009, 14(6), 

2167– 2180 



European Journal of Molecular & Clinical Medicine 

 

             ISSN 2515-8260    Volume 09, Issue 07, 2022 

 

6968 
 

104. J. Nagarajan, W. Wah Heng, C. M. Galanakis, R. Nagasundara Ramanan, M. E. 

Raghunandan, J. Sun, A. Ismail, T. Beng-Ti and K. N. Prasad, “Extraction of 

phytochemicals using hydrotropic solvents”, Separation Science and Technology, 2016, 

51(7), 1151-1165.   

105. J. Gupta and R. Gupta, Effect of hydrophilic carriers for solubility and dissolution 

enhancement of sulfamerazine by solid dispersions technique. Journal of 

Pharmaceutical Research International, 33(54A), 2021, 313-326. 

106. C. V. Rajesh, A. P.  Singh, J. Gupta and R. Gupta, Study of ion solvent interaction of 

glucose in water-ethanol and ethanol-ultrasonically. International Journal of 

Pharmaceutical Research and Bio-Science, 2014, 3(3), 66-72. 

107. R. Gupta and J. Gupta, chromatographic fingerprint analysis of piperine in polyherbal and 

marketed formulation by HPTLC and GC-MS methods. Current Trends in 

Biotechnology and Pharmacy, 2020, 14(2), 164-173. 

108. J. Gupta and R. Gupta and B. Varshney, Green Approaches of Flavonoids in Cancer: 

Chemistry, Applications, Management, Healthcare and Future Perspectives. Journal of 

Pharmaceutical Research International, 2021, 33(59A), 130-143. 

109. R. Gupta, Ittishree and J. Gupta, Ultrasonication extraction techniques for a new approach 

for development of pharmacognostical and phytochemical screening of Syzygium 

aromaticum, Current Trends in Biotechnology & Pharmacy, 2022, 16(S2), 131 – 138. 


