
Shivakumar	G.	Sajjanar	/	Int.	J.	Res.	Ayurveda	Pharm.	17	(4),	2026	

 

 109	

			Review	Article	
   www.ijrap.net		

(ISSN	Online:2229–3566,	ISSN	Print:2277–4343)	
 

BRIDGING AYURVEDA AND NANOTECHNOLOGY: A NARRATIVE REVIEW OF  
THE BHAVANA PROCESS 

Shivakumar G. Sajjanar * 
Professor, Department of Agada Tantra & VA, Shri C.B. Guttal Ayurvedic Medical College & Hospital, Dharwad, 

Karnataka, India 
 

Received on: 08/4/26 Accepted on: 17/7/26 
 
*Corresponding author 
E-mail: shiva2006dg@gmail.com 
  
DOI: 10.7897/2277-4343.174146 
 
ABSTRACT 
 
For thousands of years, the Ayurvedic pharmacy process of Bhavana (wet grinding or levigation) has been utilized to enhance the potency and safety 
of therapeutics. Traditionally categorized as a Sanskara (transformation), this process imparts Suksma (minute or subtle) qualities to the medicine. 
While historically approached through an experience-based paradigm, this review examines the traditional mechanisms of Bhavana through the modern 
lenses of materials science and pharmacology, proposing it as an ancient, highly intelligent form of eco-friendly green nanotechnology. A synthesis of 
classical Ayurvedic texts and contemporary modern research demonstrates that continuous mechanical friction during Mardana (grinding) reduces 
particle size via physical shear forces, acting as a top-down synthesis method. Concurrently, plant exudates within the Drava (liquid medium) form a 
protective phytochemical coating around these newly cleaved particles, representing a bottom-up synthesis method. This dual mechanism prevents 
particle agglomeration, alters surface electrical charges, and yields stable nanoparticles with enhanced lipophilicity and cellular absorption. Therefore, 
Bhavana transcends simple mechanical grinding to function as an early form of bio-nanotechnology. This perspective not only validates the scientific 
foundation of classical Ayurvedic pharmaceutics but also offers a sustainable, non-toxic model for contemporary drug manufacturing. 
 
Keywords: Bhavana (wet grinding), Green Nanotechnology, Bioavailability, Mechanochemistry, Suksma (minute), Ayurvedic Pharmaceutics, 
Phytochemical Capping, Agada Tantra (toxicology). 
 
 
INTRODUCTION 
 
A major challenge in modern medicine is ensuring optimal 
systemic absorption of pharmacological agents, which is known 
as bioavailability.1 Many powerful phytochemicals and minerals 
exhibit poor aqueous solubility and cannot easily pass through 
lipid-based cellular membranes. Because of this, they exhibit 
reduced therapeutic efficacy in their raw powder form. To solve 
this, modern pharmaceutical science invests heavily in 
nanotechnology, using heavy machinery to mechanically cleave 
particles or strong chemicals to synthesize nanoparticles that the 
body can easily absorb.2,3 

 
Interestingly, classical Ayurvedic texts provided a practical 
solution to this exact problem over two thousand years ago: the 
pharmaceutical process of Bhavana (wet grinding).4 Grouped 
under Sanskara (transformation)—which means changing the 
natural qualities of a substance ("Sanskaram hi 
gunantaradhanam")—Bhavana is the process of continuously 
grinding a powdered drug (Churna (powder)) with a specific 
liquid (Drava (liquid)) until it becomes completely dry.5 While 
traditionally it was said to bring out the Suksma (minute) guna 
(property) (the quality of being very minute and capable of 
entering micro-channels), modern science shows an amazing 
reality: Bhavana is an ancient, standardized methodology of 
executing green nanotechnology.6 This review combines classical 
texts with modern materials science to understand how this 
ancient process works at a nanoscale level. 
 
 
 
 

The classical idea of bhavana 
 
In Ayurvedic pharmacy (Bhaishajya Kalpana (Ayurvedic 
pharmaceutics)), Bhavana is crucial for formulating potent herbo-
mineral medicines (Rasaushadhis (herbo-mineral formulations)) 
and powerful herbal powders.5,7 The process depends on three 
main variables: 
• The Base Powder (Churna (powder)): The main dry material, 

which can be herbs, minerals, or metals. 
• The Liquid (Drava (liquid)): Fresh plant juices (Swarasa 

(fresh juice)), decoctions (Kwatha (decoction)), or biological 
fluids like cow’s milk that match the therapeutic goal of the 
medicine. 

• The Process (Mardana (grinding)): Continuous, rhythmic 
grinding in a mortar and pestle (Khalva Yantra (mortar and 
pestle)) until the liquid is fully absorbed and the mixture dries 
up (Subhavita (well-ground/dried). 

 
Classical texts declare that repeating this process multiple times 
(for example, Sapta Bhavana or seven cycles) reduces the 
required therapeutic dosage, while greatly increasing the 
medicine's efficacy and its ability to reach the target organs, 
known as Yogavahi (bio-enhancer) properties.8,9 
 
Physical change: Breaking things down by force 
 
The clearest connection between Bhavana and modern 
nanotechnology is seen in the "top-down" synthesis method, 
which involves breaking large structures into smaller pieces using 
force.10 
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When a drug is continuously ground (Mardana (grinding)), it 
faces significant friction, shear, and pressure. If a substance is 
ground completely dry, the particles reach a "grinding limit" 
where they agglomerate instead of breaking further due to 
physical forces. Adding the liquid (Drava (liquid)) in Ayurveda 
solves this problem. The liquid acts like a fluid lubricant. It 
prevents premature agglomeration and allows the heavy grinding 
of the pestle to cleave the particles down to sub-micron and nano 
sizes.6 

Modern microscopic studies on Bhavita (ground/levigated) 
medicines show a drastic reduction in particle size. Rough, large 
crystals change into smooth, uniform nano-spheres.11 In physical 
chemistry, the Noyes-Whitney equation explains that when 
particles get smaller, their surface area increases exponentially, 
which means they dissolve much faster in the body's fluids. This 
scientifically validates the Ayurvedic claim that Bhavana reduces 
the required therapeutic dosage.10,12 

 

 
 

Figure 1: Mechanism of Physical Particle Size Reduction during Bhavana (Top-Down Synthesis) 
 
Plant synergy: Coating the particles (bottom-up synthesis) 
 
If Bhavana were solely reliant on mechanical breakdown, plain 
water would be sufficient as the liquid. But Ayurveda specifically 
mandates the use of complex plant juices and herbal teas. This 
brings us into the territory of "bottom-up" green 
nanotechnology.13,14 

 
In modern green synthesis, plant extracts are used to coat and 
protect newly formed nanoparticles. The active chemicals in 
plants (like flavonoids, tannins, and alkaloids) act as a protective 
"cap" around the nanoparticle.15,16 During Bhavana, the organic 
molecules in the liquid (Swarasa (fresh juice) or Kwatha 
(decoction)) physically and chemically coat the newly broken  
 

surfaces of the ground powder. This plant coating performs two 
very important jobs: 
• Prevents Agglomeration (Zeta Potential Stabilization): The 

plant coating changes the electrical charge (zeta potential) on 
the surface of the particles. This creates a barrier that keeps 
the newly formed nanoparticles from sticking together when 
the mixture finally dries.6 

• Boosts Absorption (Bio-enhancement): The plant coatings 
often act as bio-enhancers (Yogavahi (bio-enhancer)). For 
example, grinding a medicine with ginger (Zingiber 
officinale) juice coats the particles with gingerols. This active 
coating helps open up the cells in the intestine and stops the 
body from rejecting the drug, allowing the medicine to enter 
easily.17 

 

 
 

Figure 2: Phytochemical Capping and Zeta Potential Stabilization during Bhavana (Bottom-Up Synthesis) 
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Improving absorption: Opening the body's doors 
 
The main goal of Bhavana is to achieve Suksmatva (minuteness), 
which means the medicine becomes minute enough to penetrate 
deeply into the body's micro-channels (Srotas (micro-channels)).4 

Modern pharmacokinetics explains this ancient concept perfectly. 
Because the nanoparticles made during Bhavana are coated with 
plant fats and active phytochemicals, they mix very easily with 
the body's lipid membranes (high lipophilicity).15,18 This allows 
the medicine particles to directly cross the lipid-based walls of 
human cells, totally bypassing standard digestion hurdles. The 
ancient Ayurvedic seers clearly understood that the physical 
structure of a raw drug needed to be changed to trick the body's 
biological barriers into accepting it easily—a concept modern 
science now calls "nano-encapsulation".19,20 

 
Modern scientific proof and Analytical validation 
 
Recent laboratory studies using sophisticated analytical 
instruments have proved these classical Ayurvedic claims: 
• Microscope Tests: Advanced electron microscopes (TEM and 

SEM) show that classical Ayurvedic compounds, after 
undergoing Bhavana, frequently demonstrate particle sizes 
ranging from 20 nm to 200 nm.11 

• Chemical Fingerprinting: High-Performance Liquid 
Chromatography (HPLC) shows that a drug which has 
undergone repeated Bhavana has a richer, more complex 
phytochemical profile than just a simple dry mix of the exact 
same ingredients.13 This indicates that novel chemical 
complexes are formed during the wet grinding process. 

• Thermal Stability Tests: Heat tests like Differential Scanning 
Calorimetry (DSC) show that Bhavana changes the hard, 
regular crystal structure of the ingredients into a softer, 
amorphous (non-crystalline) state. Amorphous structures 
dissolve much faster in biological fluids.19 Quality control 
evaluations, including sensory analysis tests, further validate 
the transformative impact of repeated cycles.21 

 
DISCUSSION 
 
Connecting Ayurveda and nanotechnology completely changes 
how we interpret traditional Indian medicines. Reducing Bhavana 
to simple "mixing" or "grinding" fundamentally underestimates 
the deep physical chemistry involved.6 By using specific grinding 
shear forces in tandem with targeted plant juices, Ayurvedic 
scholars created a highly reliable, green method for making 
nanoparticles. Furthermore, they achieved this without using the 
toxic, artificial chemicals that modern laboratories often rely on 
for nanoparticle synthesis.15 The continuous mechanochemical 
friction not only reduces the bulk material to the nanoscale but 
also generates localized thermal energy that facilitates the binding 
of plant secondary metabolites (such as flavonoids and alkaloids) 
directly to the newly cleaved particle surfaces. This in situ 
capping process avoids the need for hazardous chemical reducing 
agents and synthetic stabilizers, establishing a zero-waste, low-
energy footprint that strongly aligns with contemporary 
sustainable engineering protocols. 
 
Compared with modern synthetic methods, this ancient approach 
offers unparalleled ecological and physiological safety.22 The 
clinical relevance is profound: utilizing naturally capped bio-
nanoparticles ensures a rapid onset of therapeutic action and 
targeted drug delivery, effectively bridging classical principles 
with contemporary pharmaceutical demands.23 Because these 
nanoparticles are coated with highly lipophilic phytochemicals, 
they mimic biological vesicles. This structural transformation 
allows them to traverse the gastrointestinal mucosal barriers and 

cellular lipid bilayers with minimal physiological resistance. 
Consequently, this enhanced cellular uptake drastically reduces 
the requisite therapeutic dose, which in turn mitigates the risk of 
dose-dependent adverse reactions. 
 
Additionally, the formation of organo-metallic complexes 
through green phytochemical reduction significantly neutralizes 
heavy metal toxicity in mineral formulations.24,25 From a 
toxicological standpoint, this mechanism is revolutionary. The 
Bhavana process essentially transforms potentially lethal raw 
minerals into biocompatible therapeutics. The plant exudates act 
as natural chelating agents, masking the toxic active sites of heavy 
metals while preserving their therapeutic valency. This 
biochemical shielding perfectly explains the rationale behind 
classical Shodhana (purification) processes, providing a 
scientifically validated mechanism for how ancient physicians 
prevented systemic heavy metal poisoning while utilizing potent 
mineral therapeutics. 
 
Understanding these mechanisms is particularly important in 
fields like Agada Tantra (toxicology) and Dravyaguna 
(pharmacology), where neutralizing toxicity and ensuring the 
safe, rapid delivery of potent herbal and mineral compounds is 
critical. Future research in Scopus-indexed pharmacological 
journals should focus on measuring the exact electrical charge 
(zeta potential) changes across different cycles of Bhavana. We 
also need more in vivo animal studies to track exactly how these 
Bhavita (ground/levigated) nanoparticles enter cells compared to 
plain, unground powders. Furthermore, standardizing these 
classical mechanochemical variables—such as the required 
grinding duration, the applied shear pressure, and the exact 
phytochemical composition of the liquid medium—will be 
essential for scaling this highly advanced, ancient technology to 
meet modern global pharmaceutical manufacturing standards. 
 
CONCLUSION 
 
The narrative surrounding Ayurvedic pharmaceutics must 
upgrade alongside modern analytical capabilities. The classical 
process of Bhavana represents a highly advanced, early version 
of green nanotechnology. By combining top-down mechanical 
grinding with bottom-up phytochemical coating, Bhavana 
successfully reduces particle size, prevents agglomeration, and 
drastically improves systemic bioavailability. Recognizing this 
ancient method through the lens of modern mechanochemistry 
not only validates the rigorous scientific foundation of classical 
Ayurveda but also gives the modern pharmaceutical industry a 
safe, sustainable, and highly effective blueprint for future 
manufacturing. 
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