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Abstract: Extracts from plants have been used traditionally for the preserva-
tion of palm leaf manuscripts in India. Although these methods are slowly
being replaced by modern chemicals, art conservators still prefer herbal plant
extracts as fungicides and insecticides. In this study, several traditional
herbal extracts from the state of Odisha were studied using GC-MS and their
long-term impact on palm leaf manuscripts was substantiated by visual
observation. GC-MS results showed the presence of different herbal plant
extracts from walnut fruit, Artemisia oil, cinnamon oil, equisetum stem,
circium roots, Rhizophora leaf, tobacco leaf, and beggar-tick plant oil in
palm leaf manuscripts. Illustrated manuscripts were also studied using FTIR
spectroscopy which showed the presence of starch paste and pectin as bind-
ing media mixed in the pigments and writing inks for palm leaf manuscripts.

Keywords: palm leaf manuscripts, GC-MS, traditional materials, Isogeraniol,
cinnamic acid, Neophytadiene

1 Introduction

In the past, various carrier materials for writing have influenced and trans-
formed Indian scripts (Naik 1971). However, in the Indian subcontinent and in
many regions of Southeast Asia, palm leaves were the main traditional support
material for writing and decorative illuminations (Freeman 2005). Before the
introduction of paper, palm leaf was the most popular carrier for both writing
and painting in countries such as Myanmar, Thailand, Malaysia, Indonesia, Sri
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Lanka and India (Agrawal 1984). Palm leaf is a generic term, and in different
regions, such leaf material is known under vernacular terms, often denoting a
variety of different plants. In South India and Sri Lanka, palm leaf is known as
“Ola”, in Thailand as “Larn”, in Myanmar as “Lontar” (Rachman and Salim
2018) and in other parts of India as “Tula”, “Sritala” or “Karalika” (Agrawal
1984). Large collections of palm leaf manuscripts are found in museums,
libraries and other private collections in India. Still, conservation and preserva-
tion strategies for palm leaves have been rather limited, and there is little
published literature on traditional preparation and use of palm leaves and
their conservation (Patidar and Soni 2016; Sahoo and Mohanty 2004).

In the evolution of the art of writing and language, palm leaf manuscripts
have been an invaluable source which codifies and preserves human expression.
It is still surviving in the shops and bazaars, in native households or temples or
at astrologer`s offices. Many specimens of the original materials are stored in
libraries and are slowly degrading. In some areas of India, it is believed that the
palm leaf manuscript itself is the object of worship and the essence of the text is
personified in the name of a God or Goddess. Many temples in India still use
palm leaf manuscripts for reference instead of religious books. Families in rural
communities often keep a collection of palm leaf manuscripts near the house-
hold deities to offer prayers. Manuscripts are also stored in homes as an
inheritance handed down from the ancestors. In some areas, texts available in
the libraries of palm leaf manuscripts and religious texts are continued to be
read as a daily ritual and referred to rather than to printed books. In social life,
the art of palm leaf inscription is still in use even today for recording the
horoscope of newborn babies.

Palm leaf manuscripts bear testimony to the rich cultural heritage of
India that includes folk literature, religious writings, astrological texts, astro-
nomical data, records of cultural practices, traditional medicine, agricultural
sciences, crafts and skills. From a historical standpoint, these manuscripts
provide information on the historical period, author, scribe or copier, the
owners as well as their genealogies, contemporary socio-cultural life and
geographical context of the time. The significance of this type of carrier is
that its composition and method of writing has remained unchanged since its
beginning. In India, palm leaf manuscripts are still prepared and used the
way preceding generations have been using them centuries ago (Kumar et al.
2009).

There are numerous varieties of palm leaves available all over the world.
However, only two types of leaf species originate in India: Srital/Talipot
(Borassus flabellifer linn.) and Palmyra (Corypha umbraculifera linn.) (Agrawal
1984). Both species are found in abundance in southern and eastern parts of
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India, for example in states like Odisha, Kerala, Tamil Nadu, Karnataka, Andhra
Pradesh, etc. Before the introduction of paper to India’s Eastern part, palm and
bamboo leaves were used as the main carrier for writing (Biswal 2006), while
birch bark was the main writing support in Northern India. Palm leaves have
very good tensile strength since the epidermis makes the cell walls of palm leaf.
They are three times stronger than hand-made paper (Meher 2009).

It is difficult to exactly date the first use of palm leaves for writing, as there
are no known examples of palm leaf manuscripts in India before the 10th century
(Kumar et al. 2009).

Palm leaves were prepared for writing by selecting and cutting tender green
leaves of different varieties. These leaves were dried in a controlled manner and
were further processed. Several methods of processing were in practice in
different regions of India. In Eastern India, palm leaves were first placed in
the kitchen; after some days, they were taken out and turmeric paste is applied.
In some parts of Eastern India, palm leaves were dried completely under the sun
and subsequently kept under mud or silt for 10–15 days. After this, they were
removed, cleaned and dried again under the sun for some time, and finally,
turmeric paste was applied to their surfaces. In some parts, palm leaves were
boiled with paddy husk and subsequently cleaned with a soft cloth and kept
alternating in dew and sun for a few days. Subsequently, they were polished and
cut to regular size. A stylus was used for writing, and illuminations often include
religious motives from ancient Indian epics. Originally, plant-based adhesives
like starch paste or wood apple gum were used as a binder for the ink.
Indigenous materials such as amblic/belleric myrobalan powder, neem
(Azadirachta indica) powder, cinnamon oil powder, black pepper powder etc.
were kept in near vicinity of the manuscript for better protection.

1.1 Traditional materials and techniques for the preservation
of palm leaf manuscripts

It has always been a challenge to preserve palm leaf manuscripts. Being organic
in nature, they are prone to attack by insects, pests, fungi etc. Hence, herbs and
other natural materials have been employed to protect them. It is evident that
these herbs and other natural materials are effective against microbiological
activity (Gupta 2006). The experience was passed on from generation to genera-
tion as these natural plant extracts proved to be an effective protection against
biodeterioration of palm leaf manuscripts. Essential oils extracted from plants,
flowers, trees, fruits, bark, grasses, and seeds are a complex mixture of natural
substances and were mainly used as pesticides either to repel or to kill certain
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insects (Gupta 2006). These plant extracts are thought to be less harmful to
humans due to being of natural origin as compared to many chemical products
which are highly toxic in nature, even at lower concentrations. The toxicity of
these chemical products is due to the toxic potential of the chemical structure of
the molecule (Gupta 2006). Moreover, the molecules of synthetic chemical
products often lack degradability and will accumulate in the environment.

Various traditional methods for the preservation of palm leaf manuscripts are
still in practice today because their effectiveness has been tried and tested over a
long time. In today’s world, synthetic materials are replacing herbal remedies
gradually. Neither synthetic nor natural/herbal materials should be used continu-
ously over longer periods of time, but should rather be changed periodically as
microorganisms can develop resistances (Jeyaraj 2006).

1.2 Traditional materials used in processing and preserving
palm leaf manuscripts

The list of various traditional materials that were used in India for protecting
palm leaf manuscripts from insects and pests are described below:
– Citronella oil: Citronella (Cymbopogon) oil is one of the essential oils

containing a concentrated hydrophilic liquid obtained from the leaves
and stems of different species of Cymbopogon, commonly known as lemon-
grass. Oil extracted from the citronella plant is used as a repellent that lasts
for a brief period of time (Pinto et al. 2015).

– Neem/Neem oil: Neem (Azadirachta indica) is grown in most tropical and
sub-tropical areas of the world as a raw material for natural insecticides
and for medical applications. A complex tetranortriterpenoid compound,
azadirachtin, a limonoid, is the main component responsible for the toxic
effects on insects (Lee et al. 1991).

– Cedar Wood oil: Himalayan cedar (Cedrus deodara) is found abundantly
throughout the Western Himalayas. Among the major chemical constitu-
ents, himachelenes and atlantones have been reported to effectively repel
storage pests and houseflies (Adams 1991).

– Ajvain: Ajvain, Ajowan (Trachyspermum ammi L. Sprague) is an annual
herb in the family of Apiaceae. It is native to India and smells like thyme
because it contains thymol which is a naturally occurring class of com-
pounds with biocidal and antimicrobial properties (Dutta 1979; Chahal
et al. 2017).

– Clove/Clove Oil: The essential oil is extracted from clove (Syzygium aroma-
ticum). Clove oil has two major components, eugenol and caryophyllene,
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which are known for their antibacterial, fungicidal, antiviral and insecticidal
properties (Chaieb et al. 2007).

– Sandalwood/Sandalwood oil: Sandalwood is obtained from the plant
Santalum album L., which is native of the highlands of Southern India.
The main constituents of the oil are the two santalols, α-santalol and β-
santalol which possess antifungal, antibacterial and antioxidant properties
and inhibit insect growth (Sindhu and Arora 2013).

– Nirgudi: Nirgudi (Vitex Negundo) is an important medicinal plant which is
found throughout India. Its leaves and seeds have insecticidal properties
(Zheng et al. 2015).

– Camphor/Camphor oil: The oil is extracted from Cinnamomum camphora,
the main constituents of the oil are D-camphor, 1–8-cineole, α-terpineol,
3-methyl-2-butenoic acid, and oct-3-en-2-yl ester, which are effective insec-
ticidal compounds and used as a fumigant (Guo et al. 2016).

– Sweet Flag or Calamus: Sweet flag or Calamus/Bach Gorbach is a tall per-
ennial wetland monocot of the Acoraceae family in the genus Acorus. The
dried rhizome is a common medicine and generally used in the form of
infusion. It has aromatic and anti-spasmodic properties, and the dried rhizome
is also used as an insecticide. The plant material was often kept next to palm
leaf manuscripts and acts as an insect repellent (Jeyaraj 2006; Liu et al. 2013).

– Turmeric: Turmeric/Haldi (Curcuma Longa) has a very long history of
medicinal use, going back nearly 4000 years. It is a rhizomatous herbac-
eous perennial plant belonging to the ginger family Zingiberaceae, which is
native to tropical South Asia (De Souza Tavares et al. 2016). Turmeric paste
has been used in processing and preserving palm leaf manuscripts. Apart
from the paste, the dry rhizome is also used and acts as an insecticide
(Jeyaraj 2006).

– Datura: Datura (Datura stramonium) is a genus of poisonous vespertine
flowering plants belonging to the family Solanaceae. They contain toxic or
narcotic alkaloids and are used as hallucinogens (Jawalkar et al. 2016;
Perumal 1984).

2 Materials and methods

2.1 Collection of samples

Sampling is a major issue as neither institutions nor individuals readily hand over
their palm leaf manuscripts. The palm leaf manuscript used in this study was
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taken from a private collection situated in India’s eastern coastal state of Odisha.
The manuscript can be dated to the late 18th - early 19th century, based on stylistic
criteria of the illustrations (Figure 1). As the palm leaf manuscript was in good
condition, the owner stated that he has not applied any fungicide or insecticide to
the manuscript until now. The focus of this study was to find which traditional
plant extracts had played a role in protecting the palm leaf manuscript from
insects, pests, and fungi in the past. Gas chromatography coupled with mass
spectrometry technique was used to identify plant extracts which are possibly
present in the manuscript. Fourier transformed infrared spectroscopy (FTIR) was
used to detect the presence of a binder in the writing ink.

2.2 GC-MS analysis

Two samples of illustrated palm leaf were taken for GC-MS analysis. Methanol
extraction method was used as described by Cowan (1999). As it is a destructive
technique, the leaf was ground to a powder. About 50mg of the prepared palm
leaf samples each were soaked in 50ml of methanol for extended periods (about
24 hrs). The slurry was then filtered through Whatman filter paper grade 1. The
filtrates were stored in blue cap bottles (borosil) at room temperature for further
analysis. The analysis was performed using a QP2010 Ultra Gas chromatograph
(Shimadzu, Kyoto, Japan) interfaced to a mass spectrometer (GC-MS) equipped
with a Rxi-55il MS GC column (30m×0.25mm ID × 0.25 μmdf), composed of 5%
diphenyl and 95% dimethylpolysiloxane. Helium was used as the carrier gas at
a total flow of 16.3mL/min and an injection volume of 2 μl was employed (split
ratio of 10.0). The injector temperature was set at 260 °C and the oven

Figure 1: Photograph of the palm leaf manuscript.
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temperature was programmed at 100 °C. The relative percentage amount of each
component was calculated by comparing its average peak area to the total areas.

Interpretation of the mass spectrum obtained by GC-MS was conducted
using the database of the National Institute of Standard and Technology
(NIST) and WILEY having more than 62,000 patterns. The spectrum of the
unknown component was compared with the spectrum of the known compo-
nents stored in either of the libraries. The name, molecular weight, and structure
of the components of the test materials were confirmed.

2.3 FTIR analysis

FTIR-ATR was conducted on a Nicolet i550 FTR from Thermo Scientific using a
Spectra Tech ATR objective lens equipped with a diamond crystal. The palm leaf
manuscript was cleaned with ethyl alcohol to remove any adhering dust and dirt.
Three scans were performed to obtain an average spectrum. The FTIR spectra were
taken in the spectral range of 500–4000 cm−1. The spectra produced a profile of
the sample, a distinctive molecular fingerprint that was used to screen and scan
the samples for many different components. It is a non-destructive analysis, which
can be especially helpful when dealing with a very small sample quantity.

3 Results

3.1 Results of the GC-MS analysis

GC-MS analyses of the two palm leaf manuscript samples were carried out and
the results are shown in Figures 2 and 3. Many traditional plant extracts that
may have been used as insecticides or repellents were detected. Table 1 shows
the list of traditional plant extracts identified through GC-MS.

GC-MS analysis of sample 1 showed the presence of traditional plant extracts
which played a role in protecting the palm leaf manuscript. Extracts include
(1) Syringealdehyde: It is a phenolic compound obtained from walnut wood.

The plant is a deciduous tree species belonging to the family Juglandaceae;
it occurs primarily in temperate areas and is cultivated commercially in the
United States, Southwestern America, Asia and Central and Southern
Europe (Colaric et al. 2005). Evidence for the presence of syringealdehyde
in oak and spruce has also been reported (Zhang et al. 2015).
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(2) Isogeraniol: The compound is present in Artemisia oil; the genus Artemisia
is one of the largest and most widely distributed genera of the Asteraceae
family. Artemisia plant is a tall, aromatic, shrubby herb commonly called
Indian wormwood and is found in the hilly regions of India. The oil of

Figure 2: GC-MS chromatogram of the palm leaf extract, sample 1.

Figure 3: GC-MS chromatogram of the palm leaf extract, sample 2.
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Artemisia has been reported to exhibit biological and antifungal properties
(Ramezani et al. 2004; Shafi et al. 2004).

(3) Cinnamic acid: It is present in the leaf oil of the Cinnamomum plant,
belonging to the Lauraceae family and is known as “indigenous cinnamon
tree”. It is one of the hardwood species that possesses significant antifun-
gal properties; the leaf oil of the Cinnamomum plant consists of antifungal
compounds (Wang et al. 2005).

(4) Hexahydrofarnesyl acetone: It is present in pteridophyte commonly named
as horsetail (Equisetum arvense) which is widespread in the Northern hemi-
sphere. Its sterile stems are used in medical remedies in various countries.
The essential oil of Equisetum has been found to have antimicrobial proper-
ties (Radulović et al. 2006 ).

GC-MS analysis of sample 2 showed different compounds than sample 1, which
include:
(1) Hexahydroaplotaxene: This compound is present in the form of ethers in

roots of Cirsium japonicum plant. C. japonicum is a plant of the Compositae
family. It is used in Japanese cuisine and the dried root is used in tradi-
tional medicine (Miyazawa et al. 2003).

(2) Caprylone: This compound is found to be present in Rhizophora mucronata. It
is a mangrove which grows in the coastlines of the tropical and subtropical
regions of Southeast Asia. The plant is commonly known as Asiatic mangrove.
The chloroform and methanol extracts of leaves and roots of the plant show
antimicrobial properties (Gurudeeban et al. 2012; Kusuma et al. 2011).

Table 1: Chemical compounds detected by GC-MS from the palm leaf
extract sample 1 and sample 2.

Peak no. R. time Area % Compound name

Sample 

 . . Syringaldehyde
 . . Isogeraniol
 . . Cinnamic acid
 . . Hexahydrofarnesyl
Sample 

 . . Hexahydroaplotaxene
 . . Carpylone
 . . Neophytodiene
 . . Lignocerol
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(3) Neophytadiene: This compound is present in leaves of the tobacco plant.
The essential oil and CO2 extract of the leaves of the plants show antimi-
crobial activity. The tobacco plant is a part of the genus Nicotiana and
belongs to the Solanaceae family (Palic et al. 2002).

(4) Lignocerol: This compound is found in the beggar-tick plant, which
belongs to the Compositae family. It is an annual species growing on
wet, nutrient-rich mud soils or muddy sandy soil at the shores of rivers
and lakes. Essential oil composition and antimicrobial properties of oil
extracts from one of the Biden species, namely Bidens pilosa have been
reported (Rahman et al. 2011).

3.2 Results of FTIR analysis

The FTIR spectra of illustrated palm leaves (Figure 4) showed an intense peak at
2917 cm−1 due to C-H stretching (cellulose and hemicellulose) and an adjacent
peak at 2849 cm−1 originates from the CH2 stretching (cellulose and hemicellulose)

Figure 4: FTIR spectra of palm leaf manuscript.
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(Reddy et al. 2012). These two bands represent the presence of polysaccharides,
such as cellulose and hemicellulose as main constituents of the palm leaf and
from the starch paste used as a binder in the paint layer. There is also a broad
peak present at 1651 cm−1 and a nearby peak at 1733 cm−1. The band at 1651 cm−1 is
due to the amide stretch (C=O) originating from amide functional group which
generally indicates the presence of a binder. The band at 1733 cm−1 is due to a
carboxy group (R-C=O-OR’) of ester and the bands at 1651 cm−1 and 1733 cm−1

indicate the presence of pectin (Ngenefeme et al. 2013). A pectin is a group of
complex polysaccharides that contain 1,4 linked α-D-galacturonic acid (Mollea
et al. 2008). These uronic acids have carboxyl groups, some of which are present
naturally as methyl esters while others are commercially treated with ammonia to
produce carboxamide groups (Reddy et al. 2012). Pectin may be present along with
starch paste which might have been used as binding media in the paint layers of
the illuminations.

There is another strong peak at 1031 cm−1 with some overtones on nearby
frequencies which is due to the C-O stretch of alcohol originating from the
glycosidic bond of polysaccharides (Nikonenko et al. 2002). This indicates the
presence of cellulose. Therefore, all bands of FTIR spectra of the sample confirm
the characteristics of palm leaf.

4 Discussion and conclusion

Various traditional plant extracts such as walnut fruit extract, Artemisia oil,
cinnamon oil, equisetum leaf extract, circium roots extract, Rhizophora leaf
extract and beggar tick plant oil were detected with GC-MS analysis of samples
from palm leaf manuscripts. These compounds had most likely been applied to
the palm leaves as insecticides and/or repellents in the past. The results also
show that the two palm leaf samples had been treated differently by using
different types of plant extracts. Further investigations must be carried out to
document the role of these components in the preservation of organic materials
and their antibacterial and antifungal properties. The other compounds identi-
fied with GC-MS such as coniferyl alcohol, stearic acid, palmitic acid etc. derive
from the palm leaf itself and are not included in this paper. GC-MS results
corroborate to results published in the literature (Karlen et al. 2017; Mahilrajan
et al. 2014). The FTIR spectra of the palm leaf show the presence of polysacchar-
ides (starch paste, cellulose and hemicellulose) and pectin (carboxamide) as a
binder for the paint in the illuminations.
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Before treating manuscripts, it is important to kill any insects that may be
infesting them. There are numerous methods today used for the preservation of
palm leaf manuscripts such as the use of formaldehyde to phosgene gas, paradi-
chlorobenzene, and naphthalene. Digitization of palm leaf manuscripts is another,
economical method. Certain natural herbal biocides are also directly used to pre-
serve palm leaf manuscripts. The herbal extracts discussed in the present study are
not hazardous to humans and the environment and do not cause damage to the
objects. Preservation of palm leaf manuscripts is a big challenge faced by their
custodians all the times. Historically, the application of herbal extracts to prevent
natural degradation has been a widely used method. Our results show that plant
extracts played an important role in protecting the palm leaf manuscripts under
study. The insecticidal effect of the herbal extracts detected in the samples must be
further tested on new palm leaf manuscript material.
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Zusammenfassung

Analyse traditioneller indischer Insektizide und Fungizide aus Pflanzenextrakten
für Palmblatt-Manuskripte

Zur Erhaltung von Palmblatt-Manuskripten fanden in Indien traditionell
Pflanzenextrakte Anwendung. Diese Verbindungen werden zunehmend durch
moderne synthetische Materialien ersetzt, dennoch werden in der Restaurierung
nach wie vor Pflanzenextrakte als Fungizide und Insektizide eingesetzt. In der
vorliegenden Studie wurden verschiedene traditionell verwendete Extrakte aus
der Provinz Odisha mittels GC-MS analysiert und ihre Langzeitwirkung auf
Palmblattmanuskripte untersucht. Es konnten verschiedene pflanzliche Extrakte
aus Walnuss, Artemisia-Öl, Zimtöl, Schachtelhalm-Stengeln, der Wurzel von
gewöhnlicher Kratzdistel, Mangrovenblättern, Tabakblättern und Blättern von
Zweizähnen (Bidens) auf Palmblattmanuskripten nachgewiesen werden. Mittels
FTIR Spektroskopie wurden Stärkekleister und Pektin als Bindemittel in der
Tusche bzw. in den Malschichten festgestellt.

Résumé

Etude chromatographique des conservateurs naturels utilisés dans les manu-
scrits en feuilles de palmier en Inde

C’est une ancienne tradition indienne que d’utiliser des plantes traditionnelles
pour conserver les manuscrits en feuilles de palmier. Bien que les méthodes
traditionnelles aient été progressivement remplacées par des produits chimiques
modernes, les restaurateurs d’art préfèrent encore utiliser des extraits de plantes/
d’épices indiennes pour protéger les manuscrits. Les extraits de plantes agissent
contre les bio-organismes, sont en outre des insecticides très efficaces et ne sont
pas toxiques pour les humains. Nous avons étudié les extraits traditionnels
d’herbes utilisés dans un manuscript en feuille de palmier illustré provenant de
l’état indien d’Orissa au moyen de la chromatographie en phase gazeuse-

Chromatographic Study of Traditional Palm Leaf Preservatives 263

Authenticated | m_singh_asi@yahoo.com author's copy
Download Date | 12/5/18 7:06 AM



spectrométrie de masse et leur impact à long terme sur les feuilles de palmier a été
évalué en termes de détérioration. La spectroscopie infrarouge à transformée de
Fourier du manuscript illustré a permis d’étudier et de comprendre les techniques
et matériaux utilisés autrefois en Inde.
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