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Abstract
Lontar is a manuscript written on lontar or palm leaf that contains a Balinese script

handed down from generation to generation. Lontar is made from palm leaf composed of
cellulose which can be used as a substrate for the growth of fungi that produce cellulase
enzymes. However, the activity of these fungi could damage the lontar itself. This research
aims to analyze the fungi that contaminated the Balinese lontar. The fungus was isolated by
means of a swab taken from several Lontar storage areas in Balinese society. Furthermore, the
fungus was grown on PDA media then isolated and identified. The results of the study found
seven types of fungi fflht damage Lontar, namely Penicillium restricum, Aspergillus fumigatus,
Miucor racemosus, Candida krusei, Aspergillus niger, Fusarium sp., and Rhodotorula
mucilaginosa. Among the types of fungi that were most frequently found in all sampling sites
were P. restricum, A. fumigatus, M. racemosus,and A. niger.
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INTR((PUCTION

Lontar is a manuscript written on lontar or palm leaf that contains a Balinese script
handed down from generation to generation. The manuscripts written on lontar leaves are
classical or ancient, which tend to be sacred and religious (Geriani, 2010; Sedana et al., 2013).
In ancient times, before the paper came into existence, Balinese people used to document their
writings using palm leaves as material for making lontar. A lot of knowledge was written on
the lontar, such as architecture in the form of procedures for making houses in Bali, known as
asta Kosala kosali, a law in the form of customary regulations (awig-awig) that must be obeyed
and respected by Balinese people and astrology as a guideline by Balinese people for farming.
(Sancana, 2014).

The palm tree is a type of plant from the palm family (areca nut) that grows in Southeast
Asia and South Asia (Palmweb, 2017). This palm-species tree comes from the Palmae and
Arecaceae families. This plant species is known by the Latin name Borassus flabellifer Linn.
(Hi, 2016; Sukamaluddin er al., 2016). It was further stated that in Bali, this plant is given the
name ental or palm leaf. In ancient times, palm leaves were used as paper to write manuscripts,
letters, and royal documents.

Bali, as part of Indonesia, has environmentafffconditions with high humidity, which
makes lontar very vulnerable to damage. Other than inseffls, the presence of microorganisms
such as fungi is a cause of damage to Lontar. Palm leaves as raw material for making Lontar is
mostly composed of cellulose components which are good substrates for fungal growth.
According to Yosmar et al. (2015), cellulose is a carbohyflrate constituent of plant cell walls
that is very easily damaged by the cellul§§e enzyme. Sancana (2014) stated that Lontar
manuscripts are cultural objects that do not have a strong resistance to environmental
influences. The storage of lontars carried out by the Balinese people, in general, is still simple.
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The storage area is still in an open condition, so moisture can easily enter, and the opportunity
for mold growth is very high. Conditions like this can cause the lontar to break down quiclgly.
The results of previous studies stated that there are several genera of fungi that can damage the
Balinese Lontar, namely Aspergillus, Penicillium, and Fusarium.

Based on these problems, it is very important to know what types of fungi are
contaminating and damaging the Balinese Lontar so that appropriate measures can be taken to
save and preserve the Lontar as the ancestral heritage of the Balinese people.

MATERIALS AND METHOD

Blace and Time of the Research

This research was conducted from May 2020 to August 2020 at the Microbiology Laboratory
of Biology Study Program, Faculty of lathematics and Natural Sciences, Udayana University,
and at the Joint Laboratory, Faculty of Mathematics and Natural Sciences, Udayana University,
Bali, Indonesia.

Sampling

The diversity of types of lontar destroying fungi isolated from Lontar is stored in Griya Balun
(DB) ; Griya Batu Kandik (DK); Griya Kediri (TK): Griya Penebel (TS); Griya Ketewel (GU1),
and Griya Mas Ubud (GU2). The method used to isolate the various types of fungi that destroy
Lontar is the swab method using a cotton bath moistened with sterile water and then swab
(wiped) on the surface of the Lontar. Swabs were carried out on four different lontars from
each Lontar storage location. Then the cotton swab used was put into a test tube filled with
sterile water. The samples that have been obtained are then put into a cooling box and brought
to the Microbiology Laboratory, Biology Study Program, FMIPA Udayana University for
analysis.

Isolation and Identification Techniques

The cotton buds that had been swabbed in Balinese Lontar were then rubbed evenly on PDA
media in a sterile Petri dish, then incubated for four days at room temperature. Each fungal
colony that grew by showing different characteristics was recorded. The next step was to isolate
using the quadrant streak method to get a completely separate isolate colony, then followed by
a purification step. Each fungal isolate was observed microscopically through 400x
magnification. The macroscopic and microscopic characteristics of the isolated fungi were then
identified using the manuals of Pitt and Hocking (1997) and Gandjar et al. (1999).

RESULT AND DISCUSSION
RESULT

Lontar is a heritage from the ancestors of the Balinese people that really need to be
preserved. The results of the fungal isolation taken from several lontar stored as one of the
causes of damage to lontar showed that there were seven types of fungi that existed. The variety
of fungi that was successfully grown on PDA media with an incubation period of 4 days at
room temperature is shown in Figure 1. The greatest variety of fungi was found in Griya Balun
with six types of fungi, and the same result was also found in Griya Sunantaya. Meanwhile, in
other places, only 3 to 5 types of fungi were found; the details are presented in Table 1. The
seven types of fungi were successfully isolated in this study, of which the most frequently
found in the six sampling sites were the Aspergillus fumigatus, Mucor racemosus, and
Aspergillus niger. At the same time, the Penicillium restricum was only found in Griya Balun
and in Griya Kediri. The rarest types of fungi found were the Fusarium sp and Rhodoterula
mucilaginous in Griya Sunantaya and Griya Balun.
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Table 1. The results of the types of fungi found in Lontar taken from several locations in Bali

The storage Lontar location

No Types of Fungi DB DK TK TS GUI GU2
1 Penicillium restricun N - N R R -
2 Aspergillus fumigatus v A A ~ ~ N
3 Mucor racemosiis < < v v + N
4 Candida krusei ~ - + N ; )
5 Aspergillus niger NN \ \ i N
6  Fusarium sp. - - - ~ - -
7 Rhodoterula mucilaginosa N - - - - -
Note :
' : Present
- : Not Present

Figure 1. The variety of fungi grown in PDA media at room temperature with an incubation
period of 4 days.

The macroscopic and microscopic observation results of the fungi isolated from lontar
taken from six different locations are presented as follow:
a. Penicillium restricum

Through macroscopic observation and according to Pitt and Hocking's (1997) manual,
the characteristics obtained were that the colonies on PDA media were grayish-green,
the edges were flat and white with a colony diameter of 18 mm, and an incubation
period of 4 days. On microscopic observation with 40x magnification obtained, the
fungal parts, including Conidiophores, metula, Phialides, and conidia, are presented in
Figure 2. Based on the macroscopic and microscopic characteristics from the
observations, it can be concluded that the fungus was Penicillium restricum.




Figure 2. A. Colony of Penicillium restricum on PDA media with an incubation period of 4

b.

days.
B. Microscopic (1. Conidiophores; 2. Metula; 3. Phialides and 4. Conidia)

Aspergillus fumigatus

Based on the macroscopic observation of the fungi isolated from the Balinese lontar
and on the Pitt and Hocking (1997) and Gandjar et al. (1999) manuals, have obtained
the characteristics that the colonies on PDA media were green, there were aerial
mycelia, the edges were flat and white with a colony diameter of 50 mm, the incubation
period was seven days. The microscopic characteristics were having short
conidiophores, vesicles, phialides conidia are round (Figure 3). Based on these
macroscopic and microscopic characteristics from the observations, it could be
concluded that the fungus was Aspergillus fumigatus.

Figure 3. A: Colony of Aspergillus fumigates on PDA media within seven days of the

C.

incubation period
B: Microscopic (1. Conidiophores; 2. Vesicles; 3. Phialides and 4. Conidia)

Mucor racemosus

Based on the macroscopic observation of the fungi and on the Pitt and Hocking (1997)
manual, have obtained the characteristics that the colonies on PDA media were grayish-
yellow, the hyphae grew fast until it passed through the Petri dish. On the microscopic
observation with 40x magnification, only the chlamydospores were obtained, as shown
in Figure 4. Based on the macroscopic and microscopic characteristics shown from the
observations, it could be concluded that the fungus was Mucor racemosis.




Figure 4. A: Colony of Mucor racemosus on PDA media with four days incubation period

B : Microscopic (Chlamydiospores)

d. Candida krusei

Based on the macroscopic observation of the fungi isolated from the Balinese Lontar
and on the Pitt and Hocking (1997), have obtained the characteristics that the colonies
on PDA media were white, the edges were uneven, the colony diameter was 12 mm
with an incubation period of 7 days. The microscopic characteristics were in oval-
shaped cells with budding (Figure 5). Based on these macroscopic and microscopic
characteristics from the observations, it could be concluded that the fungus was
Candida krusei.

Figure 5. A: Colony of Candida krusei

€.

B: Microscopic (Vegetative cells and budding)

Aspergillus niger

The results based on the EJacroscopic observation of the fungi isolated from the
Balinese lontar and on the Pitt and Hocking (1997), and Gandjar et al. (1999), have
obtained the characteristics that the colonies on PDA media were blackish with white
color and uneven edges, colony diameter was 40 mm at four days incubation period.
On the microscopic observation using a microscope with 40x magnification, the
conidiophores, vesicles, and phialides conidia were spherical (Figure. 6). Based on
these macroscopic and microscopic characteristics, it could be concluded that the
fungus was Aspergillus niger.




Figure 6. A: Colony of Aspergillus niger on PDA media with four days incubation period
B: Microscopic (1. Conidiophores; 2. Vesicles; 3. Phialides and 4. Conidia)

f. Fusarium sp.

The results based on the EJacroscopic observation of the fungi isolated from the
Balinese lontar and on the Pitt and Hocking (1997), and Gandjar et al. (1999), have
obtained the characteristics that the colony on PDA media were white as cotton, and
then as the incubation period increased, the bottom of the colony was brownish yellow,
the edges of the colony were white and uneven, with the colony diameter of 70 mm at
an incubation period of 7 days. On the microscopic observation using a microscope
with 40x magnification, the results obtained were: macroconidia were coiled, and the
inside was partitioning, the microconidia were round, and there were chlamydospores
on the hyphae (Figure 7). Based on the macroscopic and microscopic characteristics, it
could be concluded that the fungus was Fusarium sp.

Figure 7. A: Colony of Fusarium sp. on PDA media with seven days incubation period
B: Microscopic (1. Macroconidia; 2. Microconidia and chlamydospores)

g. Rhodoterula mucilaginosa
The results based on the macroscopic observation of the fungi isolated from the
Balinese lontar and on the Pitt and Hocking (1997) have obtained the characteristics
that the colony on PDA media were like colonies in round shape with uneven edges,




reddish-yellow, mucoid colony surface. The colony diameter was 20 mm at the
incubation period of 4 days. On the microscopic observation using a microscope with
40x magnification, the results obtained were: cells are ellipse, and there were budding
(shoots) between them. as presented in Figure 9. Based on the macroscopic and
microscopic characteristics, it could be concluded that the fungus was Rhodotorula
mucilaginosa.

Figure 9. A: Colony of Rhodotorula mucilaginosa on PDA media with four days
incubation period
B: Microscopic (1. Cells; 2. Budding)

Discus§bn

There were 7 types of fungi successfully being isolated from the lontar of several
different stored locations : Griya Balun and Griya Batu Kandik (Denpasar Regency) ; Griya
Kediri and Griya Sunantaya (Tabanan Regency) ; Griya Ubud 1 and Griya Ubud 2 (Gianyar
Regency). The widest variety of fungi was found in Griya Balun with six types of fungi, and
the same result was also found in Griya Sunantaya. Meanwhile, in other places, only 3 to 5
types of fungi were found; the details are presented in Table 1. The seven types of fungi were
successfully being isolated in this study, of which the most frequently found in the six sampling
sites were the Aspergillus fumigatus, Mucor racemosus, and Aspergillus niger. At the same
time, the Penicillium restricum was only found in Griya Balun and in Griya Kediri. The rarest
types of fungi found were the Fusarium sp and Rhodoterula mucilaginous in Griya Sunantaya
and Griya Balun. It was suspected that the variety of the fungi which were successtully being
isolated from these different locations depended on the way the lontar were stored and the
environmental conditions. The most common variety of fungi found was in lontar stored in
Griya Balun and Griya Sunantaya, whose storage conditions were in the open area, which
means that they were not stored in cupboards/glass-shelves, so they were easily being
contaminated by fungi by means of dust and water vapor. Griya Sunantaya, which is located
in a mountainous area with an agricultural and plantation environment, contributed
significantly to the discovery of the Fusarium sp. fungus in stored lontar. This fungus has also
been reported by Sancana (2014), who isolated it from Balinese lontar. In addition, other types
of fungi that have been isolated are Penicillium sp. and Aspergillus sp. The finding of Fusarium
sp. in this study was not specific whether it was the main destroyer of lontar because it is known
that this fungus is pathogenic in plants. According to Sirait et al. (2018) stated that the Fusarium
group was one of the fungi that caused disease in banana and grain crops in Indonesia.

The types of fungi from the Aspergillus group, such as A. flavus@A. niger, and A.
Jumigatus, were successfully being isolated from the Balinese lontar at Griya Gede Siwa
Manggis Manuaba, Nyanglan village, Klungkung regency, Bali (Setiani, 2018). It is known
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that the Aspergillus group has been proven by Talantan et al. (2018) in which it had the ability
to produce cellulolytic enzymes that could decompose cellulose. Balinese lontar are made from
palm leaves or lontar leaves, whose components consist of cellulose. It is suspected that it could
be damaged by the Aspergillus group, although it needs more study. The interesting part of this
research was the discovery of a group of khamir in Balinese lontar, namely Candida krusei and
Rhodoterula mucilaginosa. According to Hachem et al. (2018), Candida krusei could cause
Candidemia in patients suffering from neutropenia. The discovery of this khamir in Balinese
lontar in several locations (Griya Balun, Griya Kediri, and Griya Sunantaya) gave the
possibility of C. krusei not being the main microorganism that caused damage to Balinese
lontar. Meanwhile, Rhodoterula mucilaginosa was said to be saprophytic in various
environments, including animals, humans, and in various types of food and drink and
furthermore, submitted by Deligios et al. (2015) that khamir was opportunistic, which could
cause pathogens in immunocompetent and immunocompromised patients.

Another type of fungi found in almost all sampling locations of the Balinese lontar was
the Mucor racemosus. The characteristics of the colony were the growth of colony on PDA
media was grayish-yellow, the hyphae overgrew until they passed through a Petri dish. This is
in accordance with the opinion of Pitt and Hocking (1997) that Mucor racemosus has a very
fast growth rate on PDA media, and the colony forms a gray-yellow pigment. This type of
fungi has alsofffeen isolated from the soil of Al-Qassim Saudi Arabia by Al-Enazi et al. (2017).
It was further reported that the intracellular extract of Mucor racemosus was able to inhibit the
growth of Candida glabrata and Candida norvegens.

CONCLUSION

The research obtained seven types of fungi isolated from 6 different lontar storage sites in
Bali province, namely the Penicillium restricum, Aspergillus fumigatus, Mucor racemosus,
Candida krusei, Aspergillus niger, Fusarium sp., and Rhodotorula mucilaginosa. Among these
types of fungi, the most frequently found in all sampling sites were the Penicillium restricum,
Aspergillus fumigatus, Mucor racemosus, and Aspergillus niger.
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