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Abstract 

This paper examines the ancient Indian technology of ink production for palm-leaf 

manuscripts, focusing on the chemical composition, traditional synthesis methods, and 

remarkable archival permanence of carbon-based inks made from lampblack (soot) and 

natural plant saps or gums. Long before the introduction of paper, early Indian scribes—

primarily in South and eastern regions—developed a sophisticated system using finely 

divided carbon particles collected from the controlled incomplete combustion of vegetable 

oils (such as sesame or mustard) and resins, bound with mucilages and saps from plants like 

wood apple (Aegle marmelos), acacia, or bean/berry juices. These inks were specifically 

formulated for the unique incised writing technique on treated palm leaves (Borassus 

flabellifer or Corypha umbraculifera), where a metal stylus carved letters and the ink mixture 

was applied and wiped to fill the grooves permanently. Modern scientific analyses of 

surviving manuscripts confirm the predominance of pure lampblack with minimal metallic 

impurities, explaining the exceptional longevity of these records in tropical climates. The 

study argues that this technology reflects advanced empirical knowledge of colloid chemistry, 

adhesion, and material stability, optimized for knowledge preservation in pre-modern India. It 

fills a gap in Indian historiography of science by highlighting indigenous innovation in 

writing materials, distinct from later paper-based traditions or iron-gall inks of Europe and 

the Islamic world. The paper draws on textual references, ethnographic accounts, 

codicological evidence, and heritage-science studies to reconstruct the process and assess its 

contribution to the survival of ancient Indian knowledge systems. 

Keywords: ink; masi; lampblack; plant sap binders; carbon ink; taali patra; manuscript. 

Introduction 

Writing in ancient India relied heavily on organic, locally available materials long before 

paper reached the subcontinent via Islamic trade routes in the 11th–13th centuries CE. Palm 

leaves, particularly from the palmyra (Borassus flabellifer) and talipot (Corypha 

umbraculifera) palms, served as the primary writing surface across South India, Odisha, parts 
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of the Deccan, and extending influences into Southeast Asia. These leaves were harvested, 

treated through boiling, drying, polishing, and sometimes oiling or herbal applications to 

create a smooth, durable, insect-resistant substrate. 

The central research question of this study is: How did early Indians synthesize long-lasting 

black ink using lamp carbon (soot) and plant saps for incised writing on palm leaves, and 

what chemical and practical principles underpinned its exceptional permanence? 

The thesis is that ancient Indian artisans engineered a highly effective carbon ink system—

collecting fine lampblack through controlled burning of oils and resins, then dispersing it in 

natural plant-derived binders such as wood-apple mucilage, acacia gums, or berry/bean 

juices—specifically tailored to the incised palm-leaf medium. This produced indelible, 

chemically inert writing that has preserved religious, scientific, literary, and administrative 

knowledge for over two millennia in challenging tropical environments, demonstrating 

sophisticated pre-modern understanding of materials science, adhesion, and archival stability. 

This technology, known as masi or masit (with variants like masijala or patrañjanam), stands 

in contrast to the more reactive iron-gall inks that dominated medieval Europe and parts of 

the Islamic world. Its success is evident in the survival of thousands of palm-leaf manuscripts 

in temple libraries, private collections, and modern repositories, many still legible today. The 

paper reconstructs the production process, analyzes its chemical basis through modern 

studies, situates it within Indian technological history, and highlights its significance for 

understanding indigenous knowledge systems. 

The study proceeds through a critical literature review, detailed methodology with source 

criticism, presentation of results on ink composition and preparation, discussion of 

permanence and historiographical implications, and conclusions with avenues for future 

research. 

Methodology 

This study uses an interdisciplinary qualitative methodology: codicological analysis of 

surviving palm-leaf manuscripts, synthesis of textual and ethnographic descriptions, and 

integration of published scientific (heritage science) analyses of ink composition. 

Source collection: Digitized and published palm-leaf manuscripts from major repositories; 

secondary literature on Indian manuscript traditions, ink history, and conservation; scientific 

papers reporting SEM-EDX, Raman, FTIR, or GC-MS analyses of Indian palm-leaf artifacts. 

Source criticism: Textual references (lexicons, literature) are formulaic or allusive and must 

be triangulated with material evidence. Ethnographic accounts from the 19th–20th centuries 

are valuable but reflect possible later simplifications or regional variations; they are cross-

checked against artifact analyses. Scientific studies are privileged for chemical identification 

but interpreted with awareness of sampling bias (only surviving, often well-preserved 

manuscripts are analyzed). Colonial-era reports carry potential observational biases but 

provide practical details absent elsewhere. 
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Analytical framework: Material-culture and history-of-technology approach. Ink is analyzed 

as a colloidal system (fine carbon particles in aqueous plant-sap binder) optimized for the 

incised leaf substrate. Permanence is evaluated through chemical inertness of carbon, 

adhesion properties of natural gums, and compatibility with treated palm leaf (which itself 

received herbal/oil preservatives). Comparative perspective notes advantages over iron-gall 

systems (no acid generation) and adaptations to tropical humidity/insect challenges. 

Limitations: Scarcity of pre-10th century chemical analyses; reliance on later ethnographic 

data; model nature of the paper without new laboratory work or extensive archival access. 

Mitigated by multi-source triangulation and transparent discussion of evidential constraints. 

Results and Analysis 

Palm-Leaf Substrate Preparation 

Palm leaves were harvested at specific maturity, cut into rectangular strips (typically with 

string holes for binding into grantha or pustaka format), boiled or steamed to soften and kill 

insects, dried under pressure or sun, and polished/smoothened with stones or shells. 

Additional treatments sometimes included application of turmeric, herbal oils, or extracts 

(e.g., from cinnamon, walnut, or local plants) for flexibility, color enhancement, and insect 

repellence. The resulting surface was hard yet flexible, with a natural pale color ideal for 

contrast with black ink in incised grooves. 

Ink Composition and Synthesis: Lampblack and Plant Saps 

The black ink, universally termed masi (or masit), was a carbon-based formulation. The 

pigment source was lampblack—fine soot collected from the incomplete combustion of 

vegetable oils (sesame/mustard oil lamps), resins, or sometimes cow-ghee lamps. The soot 

was gathered on cool surfaces (inverted plates or pots) placed above the flame, then purified 

and levigated to achieve fine particle size for smooth flow and deep black color without 

grittiness. 

The binder was derived from plant saps and mucilages: most commonly wood-apple (Aegle 

marmelos, known as bilva or kaitha) gum/mucilage, acacia gums, bean-plant juice, berry 

juices, or other sticky vegetable substances. These were mixed with water, sometimes with 

small additions of sugar, borax (for flow and preservation), or aromatic oils (camphor, etc.) to 

improve adhesion, prevent cracking, and deter insects. The mixture was ground thoroughly 

(brayed) to disperse the carbon particles evenly, creating a stable colloidal suspension. 

Preparation process (reconstructed from traditional accounts and analyses): 1. Burn oil or 

resin in a controlled lamp to produce fine soot. 2. Collect and purify the lampblack. 3. 

Prepare plant mucilage/gum solution (e.g., from wood-apple fruit or bark). 4. Combine soot 

with binder solution and grind for homogeneity. 5. Optional: Add aromatic oils or 

preservatives. 6. Store in small containers; stir before use. 

For application on palm leaf: After incising letters with a metal stylus, the ink mixture was 

smeared or painted over the leaf surface. Excess was wiped away with a clean cloth, leaving 

the black pigment lodged permanently in the grooves. The carbon particles adhered via the 
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plant-sap binder, which dried to form a flexible, water-resistant film compatible with the 

leaf’s organic nature. 

Scientific analyses (SEM-EDX, FTIR) of surviving Indian palm-leaf manuscripts consistently 

identify lampblack (amorphous carbon from oil combustion) as the black colorant, with 

organic binders from plant sources. Minimal metallic content distinguishes it from iron-gall 

inks and explains the absence of corrosive degradation. 

Evidence of Longevity and Chemical Stability 

The carbon-based masi ink is chemically inert: carbon does not react with the cellulose or 

lignin of the palm leaf to produce acids or cause embrittlement over time. The plant-sap 

binders provide excellent adhesion to the incised grooves while remaining flexible enough to 

accommodate minor leaf movement without flaking. Combined with pre-treatments of the 

leaves (oils, herbs), this system resisted humidity fluctuations, insect attack, and fungal 

growth far better than many contemporary writing systems. 

Thousands of palm-leaf manuscripts from the early centuries CE to the medieval period 

survive in legible condition in South Indian collections. Many 10th–12th century examples 

remain remarkably clear, demonstrating the technology’s success. In contrast, iron-gall inks 

on parchment or paper often cause “ink burn” and paper degradation within centuries. 

Table 1: Key Characteristics of Ancient Indian Palm-Leaf Ink Technology 

Component Material/Source Function Contribution to 

Permanence 

Pigment Lampblack (soot from 

sesame/mustard oil or resin 

combustion) 

Deep black color, 

fine particles 

Chemically inert; no 

acid generation 

Binder Wood-apple (Aegle 

marmelos) mucilage, acacia 

gum, bean/berry juices 

Adhesion, flow, 

film formation 

Flexible, water-

resistant film; 

compatible with leaf 

Additives Sugar, borax, aromatic oils 

(camphor etc.) 

Improve flow, 

preservation, insect 

repellence 

Enhanced stability 

and durability 

Substrate Treated palmyra/talipot palm 

leaf 

Incised grooves 

hold ink 

permanently 

Organic 

compatibility; pre-

treated for longevity 

Application Incise with stylus, apply & 

wipe ink 

Ink lodges in 

grooves 

Indelible; resistant to 

abrasion 
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Discussion 

The masi ink technology represents a pinnacle of ancient Indian empirical science. By 

harnessing the colloidal properties of fine carbon soot in plant-derived aqueous binders, 

scribes created a writing medium that was inexpensive (local oils and plants), sustainable, 

and extraordinarily durable. The choice of lampblack over other blacks (e.g., charcoal from 

bones or woods in some contexts) ensured the finest particle size for smooth incising and 

deep, non-fading color. 

This system was optimized for the incised palm-leaf technique, which itself was an ingenious 

adaptation: the physical engraving provided mechanical retention of the ink, while the 

carbon-plant sap combination supplied chemical stability and optical contrast. Regional 

variations (e.g., specific plant gums in Odisha vs. South India) reflect local resource 

availability and experimentation, yet the core principle—carbon + plant binder—remained 

consistent. 

Historiographically, this challenges narratives that portray pre-modern Indian technology as 

static or inferior. The masi system demonstrates sophisticated understanding of combustion 

chemistry (controlled soot production), colloid science (particle dispersion in gum solutions), 

and material compatibility (ink-leaf interaction). It parallels but differs from Chinese carbon 

inks or Egyptian carbon formulations, highlighting independent Indian innovation tailored to 

tropical palm resources. 

Compared to iron-gall inks (which etch but eventually corrode supports), masi prioritized 

long-term inertness—ideal for a civilization that valued textual transmission across 

generations in humid climates. Its legacy persists in living traditions like Odisha’s 

talapatachitra and in the continued use of carbon inks in certain ritual or artistic contexts. 

Limitations of current knowledge include the scarcity of very early (pre-5th century CE) 

analyzed artifacts and incomplete textual recipes. Future work could involve experimental 

reconstruction using period-accurate materials, expanded non-invasive analysis of dated 

palm-leaf corpora, and integration with Ayurvedic or technical śāstra sources on plant gums 

and oils. 

Conclusion 

Early Indians created one of history’s most effective and sustainable writing inks by 

combining lampblack—collected from the controlled burning of vegetable oils and resins—

with natural plant saps and mucilages as binders. This masi technology, applied to incised 

palm leaves, produced indelible, chemically stable records that have preserved vast bodies of 

knowledge for over two thousand years. The system’s success stemmed from deep empirical 

insight into carbon’s inertness, the adhesive and film-forming properties of local plant gums, 

and the synergy with treated palm-leaf substrates. 

This ancient innovation deserves recognition as a significant achievement in the global 

history of technology and materials science. It underscores the ingenuity of Indian knowledge 

systems in adapting available resources to the challenges of tropical preservation and 

knowledge transmission. By reconstructing the chemical and practical principles behind masi 
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ink, this paper contributes to a more balanced appreciation of indigenous scientific traditions 

and offers valuable insights for contemporary conservation of palm-leaf heritage. 

Future interdisciplinary research—combining historians, chemists, conservators, and 

traditional practitioners—can further illuminate regional variations, optimize modern replicas 

for restoration, and integrate this technology into broader narratives of ancient Indian 

innovation. The enduring blackness of letters on ancient palm leaves stands as a testament to 

the sophistication of early Indian ink-makers. 
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