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Abstract

Museums preserve cultural materials of the past for future generations. The natural history
collections in museum consist of astonishing richness and full of immense significance. They
act as a vital source for primary information on the diversity of life on earth, for today and for
our coming generations. However, in India the different varied temperature and humidity of the
tropical climate lead to severe biodeterioration. Insect pests are a major problem for museums,
even with repeated treatments for insect control. Due to lack of appropriate and unsafe
environments are provided in the collection storage and display, the insect infestation
regenerate. Therefore, appropriate plans for prevention and control of biodeterioration in
museums are critically important measures. In this paper, repellent activity of Nigella sativa,
Syzygium aromaticum and Azadirachta indica essential oils were evaluated at the knockout time
of 4 hours against the larvae of Anthrenus verbasci. Dose of 1.25ml/cm3 of clove essential oil
was sufficient for 100% repulsion rate (PR%), whereas in case of blackseed oil and neem oil, at
dose of 2ml/cm3, -20% and 50% repulsion rate (PR%) was revealed. The entire experimental set
up and the controls were arranged in a laboratory with temperature fluctuating between 25 + 7°C
and 64 + 8% RH in a Completely Randomized Design (CRD). Four replications were conducted
for each dose that I have used in this study.

Introduction

Museums have a long history going back to the 3rd
century B.C, when the first known museum was opened
in the University of Alexandria in Egypt. Over the years,
however, the museum culture has spread to nearly every
part of the world and today it has become uncommon to
find any country that does not have a museum. This
implies that the concept of the museum has become a
global concept that has survived the 20th century. The
role of museums is to collect objects, preserve them,
research into them and present them to the public for the
purpose of education and enjoyment. Among which
preservation and conservation is a major field of museum
to be dealt with it.

Museum preserves cultural, natural and historical
property of the past for future generations [1, 2]. The
natural history collections in museum consist of
astonishing richness and full of immense significance.
They act as a vital source for primary information on the
diversity of life on earth, for today and for our coming
next generations. The role of museum is to collect
objects, preserve them, research into them and present
them to the public for the purpose of education and
enjoyment. Among which preservation and conservation
is a major field of museum to be dealt [3]. However, in

India the different varied temperature and humidity of the
tropical climate lead to severe problem of
biodeterioration. The chemical factors combined with air
pollution, bad building maintenance and low budgets that
make long-term storage and preservation of valuable
collections very difficult for museums, libraries and
archives [4, 5].

Insect pests are a major problem to museums, even with
repeated treatments of synthetic chemicals for insect
control. The insect infestation may regenerate due to lack
of appropriate and unsafe environments, provided in the
collection storage and display. Therefore, appropriate
plans for prevention and control of biodeterioration in
museums are critically important measures [6-10]. Most
literature survey has indicated that, the research which
carried on bionomics and control action of
biodeterioration. It is mainly caused by the insects
belonging to Dermestidae family, there important species
are Anthrenus, Attagenus, Dermestes, Trogoderma,
Necrobia and Psocids [11-13]. Species like Anthrenus
and Attagenus have been noted to breed in bird’s nests
and animal burrows in the vicinity of museums, and then
which moves from their breeding sites to museum
collections of animal objects, resulting causes severe
infestation [14]. In addition to these above, beetle pests of
Tenebrionidae, Anobiidae and Ptinidae are also
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occasionally observed which deteriorated many important
animal products [15]. Mostly these insects are scavengers,
they inhabited the nests of birds and mammals and feed
on organic materials like feathers, wools, furs, parchment
membranes, valuable leather objects, books, journals,
papers, dried animal materials etc. These objects entirely
form the significant parts of collection in museum,
libraries and archives. Such types of important materials
are regularly infested by the insects like termites,
dermestid  beetles, silver fishes, tenebrionides,
cockroaches and many other micro-organisms as well
[16-19].

Insect pests which feed animal skin and skin products are
having unique ability to digest and utilize keratin, a
chemically stable structural protein present in wool,
feather, hair and horn [20]. Unlike insects feed on food
grains, the pests infested on skin and skin products are
known to have higher proteinase and aminopeptidase
enzyme activities [21]. Some of the insect pests of
preserved skin and skin products diapauses these periods,
they are more tolerant for extreme climatic conditions and
pesticide treatment [22].

Skin and skin products comprise a major part of natural
history collections. Whereas natural history collections
plays essential role in disseminating knowledge
regarding, evolution, biodiversity, genetics, population
and the environmental impacts of climate change, uses of
pesticides and so on. Natural history collections have
much potential in contribution for the welfare and quality
of life of people today. They are massive repositories of
information whose value is being increasingly recognized
nowadays, in field of scientific research as well as in
areas such as environmental conservation, medicine,
agriculture, and education. Hence, all of this indicates that
there is an utmost need to ensure that natural history
collections should be cared with the highest possible
standards. Without proper care, ultimately the collections
will deteriorate and without accessibility they will be
ignored. It is the responsibility of collection managers and
curator for taking care of natural history collections, and
for making the information accessible to users about the
collections for instance, skin and skin products, stored
products, textile products, etc. [23-25].

Stored animal products and skin and skin products
includes materials like silk, fur, feather, leather, wool,
museum preserved collections, hides, honeycomb etc.
Such products pests causes infestation to these animal
products during storage and sometimes at the processing
stages [26]. Museum’s stored animal products and skin
and skin products, possessing severe pest infestation
problems; in spite these fields have not received much
attention unlike the infestation problem in collections of
plants origin. The extents of loss due to insect pests in
museum collections are partially known [27]. The
research work has been mostly done in museum field to
control and monitor pests of museum animal collections.

However, mostly the controls were done with synthetic
chemicals, which were supposed to be an effective
strategy used extensively during that time [28]. Whereas,
the widespread use of synthetic insecticides lead to many
negative impacts [29], resulting in increasing attention to
natural products. However, generally pest controls were
done through synthetic pesticides; their adverse effects
have overweighed the benefits associated with their use.
Due to overuse of pesticides and other non- degradable
chemicals as well as products lead to high health risk
factors and also causing several environmental problems,
so government has taken severe initiatives for banning it.
Therefore, the environmental problems caused due to the
overuse of pesticides and other non- decomposing
chemicals as well as products have been the matter of
serious concern for both the scientists and public in recent
years. So this is the time that necessitates the proper use
of pesticides to protect human beings and their
environment [30].

To overcome the above problems there is an urgent need
to develop safe, convenient, environmental friendly and
low-cost alternatives. However it is important to analyze
the efficacy of various natural products for prevention
and control of pest infestations, which means to reduce
negative impacts on human health and environments,
causes the disturbance in ecosystem [4, 7]. So, it is a
prime concern to emphasize the research in this direction,
to prevent and control the important museum collections
from such harmful biological deterioration that follows
the existing traditional conservation methods either
indigenous or non-indigenous.

Plants play very important roles in ecological system
[31]. It may impart potential alternatives to currently used
insect-control agents, because they represent rich source
of bioactive chemicals [32]. Nowadays, considerable
efforts have been focused on plant derived materials for
potentially useful products as bio-insecticides [33], and
also the indigenous method of control is highly
emphasized globally, through which the use of extracts
from medicinal plants and natural products have been
considered, that doesn’t show any harmful effects on
human society, environment and also more commercially
viable [34-40]. The compounds found in botanical
insecticides are biodegradable and less persistent in the
environment. Plants are a rich source of insecticidal
compounds and the effectiveness of these compounds has
been demonstrated against many animal stored product
insects [41]. The figure 1 demonstrates the important
chemical constituents found in botanicals used in the
present study.

Mode of action as a “repellent” is an important
mechanism used to control pest. Repellents are the
substances that act as stimulants and elicit avoiding
reactions and are non-poisonous. Repellent substances
cause insects to orient their movement away from the
food source.
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Fig.1. Represents the important chemical constituents found in botanicals used in the present study.

Arun k Tripathi has observed that the repellents work by
a common mechanism in different arthropods is still not
clear, and it is conflicting evidence which exists in the
past literature [42]. Repellents are the substances used
mainly to repel insects in order to protect and keep away
to any treated areas or commodities from infestation by
IUPAC (The International Union of Pure and Applied
Chemistry). According to many report, repellency is a
major mechanism by which essential oils and natural
products control insect damage to stored products [43].

The test oils used in this study were essential oils of
Syzygium aromaticum, Nigella sativa and Azadirachtin
indica.  Syzygium  aromaticum  possesses  many
compounds with biological activity and it is used to
control fungus, insect mildews in stored grains [44-47].
There are several compounds in clove oil, but the specific
activities of these various compounds against stored
product pests have never been examined. The objective of
this study was to examine the insecticidal activity of
compounds from the clove oil against the dermestid
beetles. Syzygium aromaticum is commonly known as
clove and it is belong to the Mjyrtaceae family. It is
cultivated in several countries throughout the world.
Clove is important medicinal plants and shows wide
range of pharmacological effects consolidated from
traditional uses for centuries and are reported in several
literatures [48, 49]. They are some of the most valuable
spices that have been used for centuries as food
preservatives and for many medicinal purposes. Clove

possesses  anti-diabetic,  anti-inflammatory,  anti-
thrombotic, anesthetic, pain-relieving, and insect-
repellent  properties [50, 51]. Cloves possess

comparatively higher antimicrobial and antioxidant
activities than many fruits, vegetables and other spices
and should deserve special attention [52]. Sesquiterpenes
found in clove were investigated as potential anti-
carcinogenic agents [53]. In this study prevention and
control is achieved with the variable toxicities of
Syzygium aromaticum oil individually against larval

stage of A. verbasci Essential oils are most effective
substances tested against insects [54]. These compounds
may act as fumigants [55], contact insecticides [56, 57],
repellents [58] and anti-feedants [59] and also may affect
some biological parameters that can be reproduction and
life span [60] and growth rate [61].

The next oil used in the present study is Nigella sativa
essential oil. Blackseed is also called as black cumin
seeds or kalonji. It is an annual herb possessing a wide
range of medicinal uses, apart from its commercial
significance as a spice yielding plant. Blackseeds are used
as herbal medicine all over the world, which are used for
treatment and prevention of a number of diseases.
Blackseeds have been beneficial in keeping people
healthy since 3,300 years ago. It is one of the earliest
cultivated plants in human history. Black seed is a
remedy for colds, headache, respiratory, digestive
disorders, toothaches, infections, inflammatory disorders,
and allergies. In a study, it was investigated that the black
seed essential oil had toxic effects against Rhyzopertha
dominica at different concentrations. It is reported that
highest mortality is observed in only 10% of
concentration in the time interval of one week. In another
study, the essential oil of black seed shows insecticidal
and strong repellent activity as well as an in-vitro against
the larvae of 7uta absoluta. [62]. It was also investigated
in an study about the effective toxicity of 7rachyspermum
ammi, Syzygium aromaticum and Nigella sativa extracts
in controlling the infestation of the stored product beetles
(Tribolium castaneum) [63].

The last test oil used was Neem essential oil. Neem has
received much attention from entomologists as a result of
its anti-insecticidal properties. Previous studies have
shown that neem products are effective against over 300
different insect species. Over 300 compounds have been
isolated from neem seeds, where one-third of these are
tetranortritepenoids (limnoids). These limonoids include
the most active azadirachtin-A and eight other highly
active isomers like azadirachtin B-1, moderately active
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nimbandiol, salannin, and less active gedunin, vilasinin,
azadirone, and azadiradione. The compound azadirachtin,
is known to be the most popular and highly oxygenated of
these limonoids, through which it has received much
attention for an environmentally friendly insect control
agent [64-66].

Bionomics

Dermestid beetles have a complete metamorphosis, with
the larvae, the only stage which causes serious damage to
proteinecious material whereas the adults consume less
food comparatively to larvae and therefore causes less
damage. Adults may be found indoors or outdoors and are
frequently found on flowers where they feed on pollen.
Sometimes they are also found feeding on fibers such as
rayon, linen, cotton and jute. The insect feeds on animal
products can easily digest and utilize keratin, a
chemically stable structural protein present in feather,
wool, hair and horn [67].

Anthrenus verbasci species commonly known as varied
carpet beetle infests the usual range of household articles
and museum collections such as carpets, woolen items,
silks, skins, furs, feathers, hair, horn, cereals, red pepper,
fishmeal, or any processed animal or plant food. In
common with other carpet beetles, this species will feed
on cottons, linens, and synthetic fibers if they are
contaminated, but it will not feed on rayon acetate. The
adult carpet beetle feeds only on pollen and nectar of
garden flowers but lays its eggs accumulated animal stuff
in buildings.

This species has a number of varieties. They differ in
shape, size, color, and pattern of the scales, but in general
the adults are 2 to 3.5 mm long, and have a varied pattern
of white, brownish, and yellowish scales on the back and
fine, long, greyish-yellow scales below. Where the elytra
terminate, they do not form a cleft as do those of the
furniture carpet beetle (A. flavipes). The mature larva is 4
to 5 mm long, and has a series of light- and dark-brown
transverse stripes. If it is suddenly alarmed, the larva
erects the 3 dense tufts of bristles and hair located on each
side of the rear end of the body, spreading them out to
form beautiful, round plumes. Different views of A.
verbasci are clearly shown in figure 2. The larvae of A.
verbasci are commonly known as woolly bears. They are
broadest near the rear, and become narrower toward the
front end, unlike other carpet beetles. Dorsal view of
larvae of A. verbasciis shown in figure 3.

The female lays about 40 eggs. There are usually 7 to 8
larval instars, but the number may vary from 5 to 16. The
numbers of days for the various stages are as follows:
egg, 17 to 18; larva, 222 to 323; and pupa, 10 to 30. The
period from egg to adult is 249 to 354 days, and the adult
may live another 14 to 44 days [68]. The figure 4
demonstrates the life cycle of Anthrenus verbasci The
cuticles of larvae have more long-chain hydrocarbons and
a higher degree of unsaturation of hydrocarbons as well

as esters than in adults comparatively. These differences
in composition have been considered responsible for
reduced penetration of the larval cuticle by insecticides
and thereby the higher tolerance of that particular
developmental stage [69].

Figure 2. Ventral and dorsal view of adult Anthrenus
verbasci.

Figure 3. Dorsal view of larvae Anthrenus verbasci.
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Figure 4. Demonstrate the life cycle of Anthrenus verbasci.

Taxonomic position of Clove

Experimental approach

Kingdom Plantae
Collection of test oil Division Magnob'oprta
Nigella sativa, Syzygium aromaticum and Azadirachta Class Magnoliopsida
indica essential oils were purchased from herbal Order Myrtales
pharmacy in Aligarh. It was kept in proper air tighter Family Myrtaceae
glass container and placed in a cooled place for applying Genus Syzygium
in experiments. The taxonomic position of all the Species Aromaticum

botanicals is given below.

Taxonomic position of Neem
Taxonomic position of Blackseed P

Kinod 7l Kingdom Plantae
D¥n.g.0m Mantae]‘ 5 Division Magnoliophyta

viston agmo 1‘0p yt a Class Magnoliopsida
Class Magnoliopsida Order Sapindales
Order Ranunculales . ;

i Family Meliaceae

Family Re%nuncu]aceae Genus Azadirachia
Genus Nigella Species Indica

Species Sativa
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FTIR analysis of botanicals

The botanicals used in the study were first characterized
through FTIR spectra. The investigations of botanicals
are shown in figures 5 to 7. FTIR (Fourier Transform
Infrared Spectroscopy) were recorded at Department of
Chemistry, Aligarh Muslim University Aligarh. IR
spectra were recorded on a FTIR model Shimadzu 8400S
grating infrared spectrophotometer in KBr pellets and
wavenumbers were measured in cm-!. FTIR analysis of
Syzygium aromaticum essential oil is indicated by figure
5. The peak nearly 3400-2800 cm-! represents OH group
vibrations, the peak around 1600-1500 cm-! shows C-H
finger printing and C-C stretching vibrations respectively.
While peaks nearly 1400-1200 cm-! shows C=H bending
vibrations of the present organic compounds.

By Figure 6 the FTIR spectra of Njgella sativa essential
oil have assigned the existence of a variety of sharp,
strong, and weak peaks as well as crucial functional
groups that correspond to C-H, -CH,, CH;, C=0, C-O,
and C=C, suggesting the presence of these groups in the
given oil. FTIR spectrums in Figure 6, which represent

the absorption peak at nearly 3300 cm! indicated the
presence of O-H stretching vibrations of the vinyl group.
Meanwhile, another important strong band is observed at
1600-1700 cm!, which can be attributed to the C=0
stretching vibrations of ester as well as ketone groups, a
band at 1100 cm! owing to the C-H bending vibrations.
These results indicate the fact that FTIR is a powerful
technique in determining the structure of organic
materials.

The intense bands occurring nearly 3400.00 cm-! and
2900.00 cm! shows the O-H and C-O stretching
vibrations of the present compound, nearly 2300.00 cm-!
shows N-H bonding , 1600.00 to 1300.00 cm-! represents
OH group, and peak nearly 1000.00 cm-! shows C-H
bonding, the vibration peak nearly 500.00-600.00 cm-!
indicated the C=0 stretching vibrations through these
peaks it is indicated the presence of alcohol, phenol,
amines, amides, carboxylic group, ester, ether, amino
acids group in the oil of Azadirachta indica essential oil,
which is clearly shown in following Figure 7.

Clove oil

%Transmittance
B
|

3
20 . . T ' . . :
B i1 1] F SN e 1] i “ZENED ASCED HENY S
Wavelength (cm-1)
Figure 5. Represents the FTIR spectra of Syzygium aromaticum essential oil.
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Figure 6. Represents the FTIR spectra of Nigella sativa essential oil.
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Figure 7. Represents the FTIR spectra of Azadirachtin indica essential oil.

Collection of test organism

The initial source of beetles culture was a infested “bull
horn”, which was collected from the natural history
collection of MUSA Dakri museum of the Aligarh
Muslim University, India, indicated by figure 8. These
beetles were identified on the basis of their morphological
characters in entomology section of zoology department,
Aligarh Muslim University.

Identification of test organism

The rearing beetles were species of Anthrenus verbasci. It
was identified based on the morphological characters in
the entomology section of zoology department, Aligarh
Muslim University.

Taxonomic position of Varied carpet beetle

Kingdom Animalia
Phylum Arthropoda
Class Insecta

Order Coleoptera
Family Dermestidae
Genus Anthrenus
Species verbasci

Rearing of insect culture

During the month of April 2014 these identified beetle
along with the infested bull horn was kept in rearing box
covered with muslin clothes in dark storage area. The
culture of insects was carried out in the rearing box
(48cmx27cmx34cm) in order to obtain a homogeneous

and sufficient population of Anthrenus verbasci larvae for
various biological tests, shown in Figure 9.

Bioassay for repellency test

The repellent effect of the botanicals against the larvae of
Anthrenus verbasci was evaluated using the method of
the preferred area in the dry preservation insect box
described by McDonald et al. in 1970 [70]. The three
insect boxes (25.5cmx14.5cmx7.5cm) A, B, C
respectively were used to confine insects during the
experiment shown in following Fig.10. The concentrated
essential oils were prepared in distilled water as per
required concentration of solution (v/v). In case of clove
oil, dose of 0.31 ml/cm?, 0.63 ml/cm?, 1.25 ml/cm® were
taken, in case of blackseed and neem oils dose of 0.5
ml/cm?, 1.0 ml/cm?, 2.0 ml/cm® were taken respectively.
Then the blotting sheet of 25.5cmx14.5cm area was used
for this purpose were cut into two equal portions each
having a surface of 92.44cm?. These dilutions were then
applied on the half area of each blotting paper and half
area remain as same, then they are allowed to dry for 30
minutes in each cases of oils. The treated blotting papers
were fitted in the repellent boxes. The larvae of A.
verbasci were released at the center of each blotting
sheets in each boxes. Later, the data was examined after a
knockout period of 4 hours to assess repellency
percentage (RP%) and repellency classes (RC). The entire
experimental set up and the controls were arranged in a
laboratory with temperature fluctuating between 25 + 2°C
and 60 = 2 % RH in a Completely Randomized Design
(CRD). Four replications were conducted for each dose.
The larvae on untreated /controlled area and larvae on
treated area are shown in each case of oils below in Table
1 to 3.
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Figure 10. Demonstrates the experimental setup for evaluating repellency activity of botanicals.
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Table 1. Represent the repellent effect of Nigella sativa essential oil against A.verbascilarvae at 4 hours of exposure.

Dose (ml/cm?®) Larvae on untreated Larvae on
/controlled area treated area

A (0.5ml) 1 9

B (1.0ml) 3 7

C (2.0ml) 4 6

Table 2. Represent the repellent effect of Syzygium aromaticum essential oil against A. verbascilarvae at 4 hours of

exposure.

Dose (ml/cm?®) Larvae on untreated Larvae on
/controlled area treated area

A (0.31ml) 4 6

B (0.63ml) 7 3

C (1.25ml) 10 0

Table 3. Represent repellent effect of Azadirachtin indica essential oil against A. verbascilarvae at 4 hours of exposure.

Dose (ml/cm?®) Larvae on untreated Larvae on
/controlled area treated area

A (0.5ml) 2 8

B (1.0ml) 5 5

C (2.0ml) 7 3

Result and discussion

The repellent activity of Nigella sativa, Syzygium
aromaticum and Azadirachtin indica essential oil was
further analyzed on the basis of above results. Further, the
percentages of the repulsion of the various doses of all
botanicals were investigated, which are summarized in
Table 4. The repulsion rate of the test insects was
assessed using the formulae given below. It shows that
after four hours of exposure, the various doses of the

different botanicals have respectively caused different
repellency rate against the larvae of Anthrenus verbasci,
shown in Figures 11-13. The percentage of repulsion was
calculated by using the following formulae.

Nc—Nt
Nc+Nt

Percentage of Repulsion (PR%) = x 100

Where, Nc = Number of insect on controlled/untreated
area, Nt = Number of insects on treated area

10%

A(0.5ml)

Black seed oil

B (1.0ml)

¥ untreated
B treated

C (2.0ml)

Figure 11. Represent the percent of larvae of A. verbasci controlled with Nigella sativa (blackseed) essential oil after 4

hours of exposure.
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Figure 12. Represent the percent of larvae of A. verbasci controlled with Syzygium aromaticum (clove) essential oil after

4 hours of exposure.

A(0.5ml)

Neem oil

50%

B(1.0ml)

0%

W untreated
W freated

C(2.0ml)

Figure 13. Represent the percent of larvae of A.verbasci controlled with Azadirachta indica (neem) essential oil after 4

hours of exposure.

In cases of Syzygium aromaticum (clove) essential oil,
repulsion rate was observed highest against larvae of
Anthrenus  verbasci. Whereas, in Nigella sativa
(Blackseed) and Azadirachta indica essential oils have
comparatively lower repulsion rates than syzygium
aromaticum after 4 hours of exposure against the larvae
of A. verbasci, which is shown clearly in following Table
4.

The repulsion rates of the various doses of syzygium
aromaticum (clove) essential oil are summarized in below
Table 4. It shows that after four hours of exposure, the
different doses of the essential oil of clove 0.31ml/cm?.

0.63 ml/cm3, 1.25 ml/cm3 have respectively caused -
20.0%, 50.0%, 100% of repulsion against larvae of A.
verbasci. While with treatment with Azadirachta indica
(neem) essential oil, result was found sparsely effective.
It shows after 4 hours of exposure of different doses of
neem essential oil 0.5 ml/cm3, 1.0 ml/cm3, 2.0 ml/cm3
have respectively observed -60.0%, 0.0%, 50.0% of
repulsion rate. While applying same doses as neem oil
with Nigella sativa oil against larvae of A. verbasci result
was not upto that mark. The repulsion rate at various
doses after 4 hours of exposure was found to be -80.0%, -
50.0%, -20.0%. This can also be seen in Table 4.
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Table 4. Represent the Repellency rate (RP%) and Repellency class (RC) of black seed, clove and neem essential oils

against A. verbasci after 4 hours of exposure.

Insecticide Name of Concentrations Repellency Rate % Repellency
Mode of action Botanicals RP%=(Nc-Nt+Nc+ Nt)x100 Class (RC)
Black seed oil 0.5ml/cm3 -80% 0
1.0ml/cm3 -50% 0
2.0ml/cm3 -20% 0
Repellents Clove oil 0.31ml/cm3 -20% 0
activity 0.63ml/cm?3 50% m
1.25ml/cm? 100% A"
Neem oil 0.5ml/cm3 -60% 0
1.0ml/cm3 0% 0
2.0ml/cm3 50% m

In the light of above results, it can be noticed that the
essential oils of Syzygium aromaticum (clove) has shown
strongest repellent activity against the larvae of
Anthrenus verbasci. On the basis of McDonald et al. [70],
they belong to the repulsive class V with an average of
repellency 100%. Whereas in case of blackseed oil and
neem oil, the repellency classes (RC) were 0 and Il on
the basis of repellency rate (RP%), which was -20% and
50% respectively. The average percentage of different
botanicals repellency were also calculated and assigned
according to following scale (McDonald ef al) [70].

Class Repellency Rate
>0.10

0.1-20%
20.1-40%

40.1 - 60%

60.1 - 80%

80.1 - 100%

<<SHH~®

Conclusion

The skins and hides have been used for making utilitarian
and decorative objects since prehistoric times. Skin and
skin products are contain by a large part of art, history,
ethnography, anthropology and natural history
collections. As the compositions of these collections are
organic in nature so they can be easily susceptible to pest
damage. The accumulative effects of this damage can
ultimately destroy museum’s valuable objects. Therefore,
it is important to constantly monitor collections for
evidence of pest activity. Museum pests are biological
agents that can cause damage to museum collections. The
toxic and repellents effects of different botanicals may
relies on its chemical composition and the level of insect
sensitivity.  Therefore, the botanicals are first
characterized by FTIR analysis for evaluating their
important bioactive constituents.

The repellent effect in case of Nigella sativa, Syzygium
aromaticum and Azadirachtin indica essential oils,
repellency rates of Syzygium aromaticum oil was found
maximum and their repellency classes was also highest

comparatively to other essential oils and extract used in
the study against the larvae of A.verbascr after 4 hours of
time period. At the dose of 1.25 ml/cm3 conc. of
Syzygium aromaticum essential oil, highest repulsion rate
was achieved for controlling target insects after 4 hours of
exposure. Hence on the basis of repulsion rate, Syzygium
aromaticum essential oil was considered in the V class of
repellency.

In addition, the natural plant products have been
traditionally used for insect control of animal based
products. Furthermore it is suggested that, there is a need
to identify the active molecules from promising plant
sources and evaluate them for application at the
commercial level. The effective constituents of the herbal
pesticides can be separated by infra-red spectroscopy so
that the high concentrated compounds can be easily
extracted and used in controlling the pests, and also in
future it must be integrated in the IPM of museums as
well.

The factual information required is in this study, and the
materials needed to control and prevent biodeterioration
are simple and affordable. But the attitude and the
institutional capabilities needed to make these solutions
effective are far more difficult to achieve. Therefore, it is
recommended that, there is utmost need for professionals
to reintroduce the indigenous methods of pest control and
to integrate that traditional methods and materials into
development of conservation strategies.
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