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Abstract

Thermophilic bacteria are potential bacteria for degrading organic waste. This study aims to isolate and characterize
thermophilic bacteria in surface compost in the pre-decomposition phase of PT. Great Giant Pineapple Compost Plant.
This study used an exploratory descriptive method including isolation, purification, macroscopic characterization,
microscopic characterization, an enzymatic activity test, and determination of the Enzymatic Index (EI) value. The
results of this study obtained 7 isolates of thermophilic bacteria that have irregular and spreading, and round shapes
with flat, raised, and umbonate elevations. Colony edges are undulate, entire, lobate, and irregular with cream color.
Isolates ZS1, ZS2, ZS4, and ZS5 have a monobacillary cell shape, while isolates ZS3, ZS6, and ZS7 have a streptobacillary
cell shape; all Gram positive except ZS1 and only ZS1 does not form spores. All isolates of thermophilic bacteria were
able to produce catalase enzyme, protease enzyme except isolate ZS7; amylase except isolate ZS5; and cellulase in
isolates ZS1, ZS5, ZS6, and ZS7. The highest Enzymatic Index (IE) of protease, amylase, and cellulase in order were ZS4
with a value of 6.1, ZS2 with a value of 4.37, and ZS1 with a value of 6.5.
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1. Introduction

Organic waste management is a major challenge in the agricultural industry. One common approach to deal with organic
waste is composting, which is the process of bioconversion of organic matter into compost with the help of microbial
activity. Composting proceeds through mesophilic, thermophilic, cooling, and maturation phases [1]. Among these
stages, the thermophilic phase has a crucial role. This phase occurs at 45-70°C, accelerates the decomposition of organic
matter, and reduces the number of pathogenic microbes [2]. High temperatures in this phase induce the emergence of
thermophilic microbes, including extracellular enzyme-producing bacteria that actively decompose organic matter [3].

PT. Great Giant Pineapple (PT. GGP) is an agricultural industry that implements composting. At the PT. GGP Compost
Plant, there is a pile of pre-decomposition phase compost that is dominated by protein, amylum, and cellulose
substrates, which require enzymatic degradation by protease, amylase, and cellulase for fast composting. One effort to
accelerate this process is the addition of microbial inoculum [4]. Masi et al. [5] reported that thermophilic bacterial
isolates from household waste can produce protease, amylase, and cellulase enzymes that support the decomposition
of organic matter during composting. Therefore, enzyme-producing thermophilic bacteria are indispensable to
optimizing composting.

Temperature in the pre-decomposed compost pile is in the thermophilic phase, around 50°C with an average pH of 5.0.
The surface of the compost pile is a strategic location to obtain thermophilic bacteria because it has high aeration.
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Aeration is related to oxygen availability and helps maintain thermophilic temperatures [6]. The combination of oxygen
and temperature creates an ideal environment for thermophilic bacteria to thrive on the compost surface [7].

This study aims to isolate, characterize macroscopically and microscopically, and test the enzyme activity of catalase,
protease, amylase, and cellulase against thermophilic bacteria from the surface of pre-decomposed compost at the
Compost Plant PT. GGP. This research is expected to obtain potential thermophilic bacterial isolates as inoculum to
accelerate the composting process.

2. Material and Methods

2.1. Sampling

Compost sampling was conducted on the surface compost of the pre-decomposition phase at the compost plant of PT.
Great Giant Pineapple, Central Lampung, Lampung Province. Compost samples were taken with 3 repetitions at a depth
of 5-10 cm from the surface. Furthermore, the samples were isolated at the Research and Development Laboratory of
PT. Great Giant Pineapple.

2.2. Isolation and Purification of Thermophilic Bacteria

A total of 25 g of compost sample was put into a sterile Erlenmeyer containing 225 mL of 0.9% NacCl, then homogenized
to obtain a dilution of 10-. The suspension of the 101 dilution was taken as much as 1 mL and then put into a test tube
containing 9 mL of 0.9% NaCl, then homogenized using a vortex so that a 10-2 dilution was obtained. The working
procedure was carried out in the same way up to the 10-10 dilution level. A total of 0.1 mL from dilutions 10-¢ to 10-10
was taken using a micropipette and then inoculated into Petri dishes containing Nutrient Agar (NA) media modified
using Nutrient Broth (NB) + Agar 6% and leveled using Drigalski, then incubated at 50°C for 24 hours [8].

Single colonies formed on Petri dishes were then selected and then taken as much as 1 ose to be scratched by the streak
plate method on the surface of NA media modified using NB media with the addition of 6% agar. Furthermore, it was
incubated at 50°C for 24 hours [9]. The purpose of purification is to get a single colony. The single colony obtained was
then inoculated as much as 1 ose on modified NA slant media as a stock to be characterized macroscopically and
microscopically, as well as enzymatic activity tests.

2.3. Macroscopic Characterization of Thermophilic Bacteria
Macroscopic characters were observed directly on 24-hour-old isolates, including the shape, elevation, edges, and color

of colonies [10].

2.4. Microscopic Characterization of Thermophilic Bacteria

2.4.1. Gram Staining

Bacterial isolates aged 24 hours were made on a glass slide. It was then stained with crystal violet (Gram A) for 1 minute,
lugol iodine (Gram B) for 1 minute, washed with alcohol (Gram C) for 30 seconds, and stained with safranin (Gram D)
for 1 minute. Then rinsed with distilled water and observed under a microscope [11].

2.4.2. 3% KOH Test

The 3% KOH test was performed as a confirmation test for Gram staining. The 3% KOH test was carried out by taking
1 ose of a 24-hour-old bacterial isolate, then placed on a glass object. Furthermore, it is added with 1 drop of 3% KOH
and flattened slowly. If the mixture produces mucus, the bacteria tested are classified as Gram-negative bacteria, while
if it does not produce mucus, the bacteria tested are classified as Gram-positive bacteria [12].

2.4.3. Spore Staining

Bacterial isolates aged 72 hours are made on a glass object. Then it was stained with malachite green for 10 minutes.
After rinsing, safranin was added for 30 seconds. Then rinsed with running water and observed under a microscope
[13].
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2.5. Enzymatic Activity Test of Thermophilic Bacteria

2.5.1. Catalase Test

The catalase test was carried out by dropping 3% H202 as much as 1 drop on a glass object, then adding 1 isolate of
thermophilic bacteria and homogenized. If gas bubbles form, the catalase test results are positive, while if no gas
bubbles form, the catalase test results are negative [14].

2.5.2. Protease Test

Bacterial isolates aged 24 hours were inoculated by the point method on Skim Milk Agar media, then incubated at 50°C
for 24 hours. A clear zone around the colony was observed as a positive result, and then the Enzymatic Index (EI) was
determined [8].

2.5.3. Amylase Test

Bacterial isolates aged 24 hours were inoculated by the point method onto modified Starch Agar media using 6% NB +
Agar with the addition of 1% starch, then incubated at 50°C for 24 hours. Then watered using 1% iodine solution.
Observed the clear zone around the colony as a positive result and then determined the Enzymatic Index (EI) [8].

2.5.4. Cellulase Test

Bacterial isolates aged 24 hours were inoculated by the point method onto NA media modified using NB + 6% agar with
the addition of 1% Carboxymethyl Cellulose (CMC). Then incubated at 50°C for 24 hours. Then watered with 0.1%
Congo red solution, and the remaining 0.1% Congo red solution was discarded and then rinsed with 1 M NaCl for 15
minutes. The clear zone around the colony was observed as a positive result, and then the Enzymatic Index (EI) was
determined [8].

2.6. Enzymatic Index (EI)

The enzymatic index (protease, amylase, cellulase) was determined by comparing the colony area and the clear zone
area formed. The colony area and clear zone area were calculated using the gravimetric method, as described by
Sumardi et al. [15].

e Colony patterns and clear zones formed were made replicas by drawing on clear plastic mica.

e Replicas of colonies and clear zones were then weighed using an analytical balance.

e Paper pieces measuring 1 cm x 1 cm were made, then weighed using an analytical balance.

e The area of colonies and clear zones was then calculated using the formula:

Weight of colony replica . Weight ofclear zone replica -
Colony area = g yrep x 1 em? Clear zone = g 2 % 1 cm?
Weight of 1 cm x 1 cm paper Weight of 1 cm x 1 cm paper

Zal+Za2+Za3 Cal+Caz+Ca3

Average Total Clear Zone Area [ATz) = S Average Total Colony Area (ATc) = .

The enzymatic index (EI) was determined based on the ratio of the average clear zone area to the average colony area,
as described by Rosa et al. [16].

Enzymatic Index (EI) = %
c

The IE value was then categorized as very high (EI value > 5.0), high (EI value > 2.0-5.0), and low (EI value < 2.0) [17].

3. Results and Discussion

3.1. Isolation and Macroscopic Characterization of Thermophilic Bacteria

Seven isolates of thermophilic bacteria were obtained, each of which was coded ZS1, ZS2, ZS3, ZS4, 7S5, ZS6, and ZS7.
The seven isolates of thermophilic bacteria have different morphological characteristics. The colony shape of the seven
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isolates of thermophilic bacteria is dominated by irregular and spreading, with flat elevation. Colony edge
characteristics show diverse results, namely undulate, entire, lobate, and irregular while the color of the colonies shows

cream results (Table 1).

Table 1 Macroscopic observation results of thermophilic bacterial isolates from

decomposition phase

surface compost in the pre-

Isolate Code | Macroscopic Characteristics

Shape Elevation | Edge Color
751 Irregular and spreading | Raised Undulate | Cream
752 Round Raised Entire Cream
7S3 Irregular and spreading | Flat Irregular | Cream
754 Round Flat Entire Cream
7S5 Irregular and spreading | Flat Lobate Cream
7S6 Irregular and spreading | Flat Undulate | Cream
7S7 Irregular and spreading | Umbonate | Irregular | Cream

3.2. Microscopic Characterization of Thermophilic Bacteria

3.2.1. 3% KOH Test and Gram Staining

The 3% KOH test was conducted as an initial identification test to determine the nature of the bacterial Gram stain. It is
known that isolated ZS1 forms mucus threads after being dripped with 3% KOH. Meanwhile, the other six isolates,
namely ZS2, ZS3, ZS4, 7S5, 7S6, and ZS7, did not form mucus threads after 3% KOH. Thus, isolate ZS1 is classified as
Gram-negative, while isolates S2, ZS3, ZS4, ZS5, ZS6, and ZS7 are classified as Gram-negative. The results of Gram
staining in Figure 1 with 1000x magnification show that isolate ZS1 (A) is Gram-negative, characterized by red cells.
Meanwhile, isolates ZS2 (B), ZS3 (C), ZS4 (D), ZS5 (E), ZS6 (F), and ZS7 (G) are Gram-positive, indicated by purple cells.
Isolates ZS1, ZS2, ZS4, and ZS5 have a single bacillus cell form (monobacillus), while isolates ZS3, ZS6, and ZS7 have a
streptobacillus cell form (Figure 1). The majority of isolates found in this study (isolates ZS2-ZS7) are classified as
Gram-positive bacteria. This is in line with previous findings that many thermophilic bacteria are known to be Gram-
positive. In line with the research of Ortega-Villar et al. [18], 18 isolates of thermophilic bacteria from hot springs are
known to be classified as Gram-positive bacteria, and research by Masi et al. [5], that thermophilic bacterial isolates
from landfills are Gram-positive and bacillus-shaped. Meanwhile, one isolate, ZS1, was identified as Gram-negative. This
shows that Gram-negative bacteria can have adaptations to high temperatures [19].
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Figure 1 Results of observations of cell shape and Gram properties of seven thermophilic bacterial isolates with a

magnification of 1000x
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3.2.2. Spore Staining

The results of spore staining on the seven isolates of thermophilic bacteria show that isolate ZS1 has no spores, while
isolates ZS2, 7ZS3, 754, 7S5, ZS6, and ZS7 have spores. The presence of spores is a strong characteristic in thermophilic
bacteria. Spores are structures that function to protect bacterial cells from unfavorable conditions. Spores are referred
to as resistant structures because they are resistant to extreme conditions such as high temperatures, extreme pH,
nutrient deficiencies, and others. Spores will be stained with malachite green paint so that they appear green, while
vegetative cells will be stained with safranin so that they appear red [20] (Figure 2).
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Figure 2 Results of observations of spores of seven thermophilic bacterial isolates at 1000x magnification

3.3. Enzymatic Activity and Enzymatic Index of Thermophilic Bacteria

The results of the enzymatic activity test show that all isolates gave a positive reaction to the catalase enzyme test. The
protease enzyme test showed positive results in six thermophilic bacterial isolates (ZS1, ZS2, ZS3, ZS4, ZS5, and ZS6).
The amylase enzyme test showed positive results in six thermophilic bacterial isolates (ZS1, ZS2, ZS3, 754, ZS6, and
ZS7). The cellulase enzyme test results showed positive results in four thermophilic bacterial isolates (ZS1, ZS5, ZS6 and
ZS7) (Table 2).

Table 2 Enzymatic activity test results of thermophilic bacterial isolates from surface compost in the pre-decomposition
phase

Isolate Code | Enzymatic Activity
Catalase | Protease | Amylase | Cellulase
751 + + + +
752 + + + -
7S3 + + + -
754 + + + -
7S5 + + - +
7S6 + + + +
757 + - + +
Description: + = positive (forms a clear zone) ;- = negative (does not form a clear zone)

The highest EI protease value was shown in isolate ZS 4, which was 6.1, and the lowest EI value was shown in isolate
ZS5, which was 0.78. In the amylase enzyme test, the highest EI value was shown in isolate ZS2, which was 4.37 and the
lowest EI value was shown in isolate ZS3, which was 0.46. In the cellulase enzyme test, the highest EI value was shown
in isolate ZS1, which was 6.5 and the lowest EI value was shown in isolate ZS5, which was 1.3 (Table 3).
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Tabel 3 Clear zone area, colony area, and enzyme assay EI value of thermophilic bacterial isolates from surface compost
in the pre-decomposition phase

Enzyme Test Type | Isolate Code | ATz (cm2) | ATc (cm?2) | Enzymatic Index | Category
Protease 751 0.76 0.3 1.7 Low

7S2 0.5 0.1 4 High

ZS3 0.33 0.1 2.3 High

754 0.93 0.13 6.1 Very high

7S5 1 0.56 0.78 Low

7S6 0.23 0.1 1.3 Low

ZS7 - - - -
Amylase 751 1.4 0.63 1.2 Low

752 0.86 0.16 4.37 High

753 0.63 0.43 0.46 Low

754 1.93 0.46 3.19 High

7S5 - - - -

7S6 0.66 0.4 0.65 Low

7S7 0.86 0.3 1.86 Low
Cellulase 7581 1.13 0.15 6.5 Very high

7S2 - - - -

ZS3 - - - -

754 - - - -

7S5 0.46 0.2 1.3 Low

756 0.26 0.1 1.6 Low

187 0.66 0.13 4.07 High

Description:ATz = Average Total Clear Zone Area; ATc = Average Total Colony Area; - = Does not produce clear zone

3.3.1. Catalase Activity

Based on the results of the catalase enzyme test, positive results were obtained in all isolates characterized by the
formation of bubbles after the isolate was added with 3% H20: (Figure 3). Previous research by Jaf et al.[21] found 19
isolates of thermophilic bacteria that had positive results in the catalase test. Bacteria produce the enzyme catalase as
protection from the toxic effects of hydrogen peroxide produced at the end of aerobic metabolism by breaking it down
into water and oxygen [14]. Catalase activity is an important indicator in composting and the rate of decomposition of
organic matter. The catalase enzyme can protect microbes from damage and allows microbes to remain alive and active
in the composting process. High catalase activity will accelerate the decomposition rate. This is because the catalase
enzyme helps provide more conducive conditions for microbes to degrade organic matter into compost [22].
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Figure 3 Catalase test results of seven thermophilic bacterial isolates

3.3.2. Protease Activity

Based on the results of the protease enzyme test, six isolates were obtained that were able to form a clear zone, namely
781, 7S2, 7S3, 754, 7S5, and ZS6 (Figure 4). The formation of clear zones around bacterial colonies on the surface of
Skim Milk Agar media is a sign that there is a hydrolysis reaction of peptide bonds in casein contained in skim milk into
simpler amino acid monomers by protease enzymes produced by bacterial isolates [23].

Description:a= clear zone; b= colony

Figure 4 Observation results of protease enzyme tests on seven thermophilic bacterial isolates

The results showed that the enzyme activity measured based on the highest protease enzymatic index value was shown
by isolate ZS4, which amounted to 6.1 (Table 3). These results indicate that isolate ZS4 has a very high potential to
produce protease enzymes. This ability indicates thatisolate ZS4 has the best adaptation in degrading protein substrates
in the pre-decomposition phase of surface compost, and allows that this test condition is optimal for isolate ZS4 to
produce protease enzymes. Meanwhile, isolate ZS7 is known not to produce a clear zone. This is likely due to
environmental factors not favorable for ZS7 isolates to produce protease enzymes. Optimal conditions for protease
activity generally vary between species and even between strains. Factors such as media composition, temperature,
pH, the presence of inhibitors, and inducers affect protease enzyme production [24].

Research conducted by Mugarramah et al. [9] reported that 18 of the 20 isolates of thermophilic bacteria that were
successfully isolated showed the ability to produce protease enzymes with proteolytic indices ranging from 0.31 to 2.51.
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This value is lower than the IE value of isolates ZS1, ZS2, ZS3, ZS4, ZS5, and ZS6 in this study, which is in the range of
0.78 to 6.1.

3.3.3. Amylase Activity

Based on the results of the amylase enzyme test, six isolates were able to form clear zones, namely isolates ZS1, ZS2,
1S3, 7S4, 756, and ZS7 (Figure 5). The formation of a clear zone around the bacterial colony indicates that there is a
hydrolysis reaction of the starch polymer contained in the media into simpler monomers by the amylase enzyme
produced by the bacterial isolate. The clear zone will be visible after the addition of iodine solution. The iodine solution
will bind to the starch polymer contained in the media and produce a blue colony color [25].

Description:a= clear zone; b= colony

Figure 5 Observation results of amylase enzyme tests on seven thermophilic bacterial isolates

Isolate ZS2 showed the highest EI value of 5.6 (Table 3). This value indicates that isolate ZS2 has the best adaptation in
degrading starch substrates in surface compost in the pre-decomposition phase, and allows these test conditions to be
optimal conditions for isolate ZS2 to produce amylase. There was one isolate that did not produce a clear zone, namely
ZS5. This result indicates that the ZS5 isolate is not able to produce amylase enzyme under these test conditions. Each
isolate of thermophilic bacteria has its optimum environmental conditions for producing enzymes. Amylase enzyme
activity by bacteria is influenced by incubation time, media pH, and incubation temperature [26].

Research conducted by Satrimafitrah et al. [27] reported that 30 isolates of thermophilic bacteria that were successfully
isolated could produce amylase enzymes with IE values ranging from 0.5 to 4.04. This result shows a lower IE value
compared to isolates ZS1, ZS2, ZS3, ZS4, 756, and ZS7 in this study, which can produce amylase enzymes with IE values
ranging from 0.4-5.6.

3.3.4. Cellulase Activity

The results of the cellulase enzyme test showed that four isolates were able to produce clear zones, namely isolates ZS1,
ZS5,7S6, and ZS7 (Figure 6). The formation of a clear zone around the bacterial colony is a sign that there is a hydrolysis
reaction of cellulose polymers from the substrate in the form of Carboxymethyl Cellulose (CMC) by the cellulase enzyme
produced by the bacterial isolate [28]. The clear zone will be visible after the addition of Congo red solution. Congo red
solution will interact strongly with the (3-1,4 glycosidic bonds of polysaccharides so that it will color the media red [29].
Hydrolyzed cellulose polymers cannot bind to the Congo red solution, resulting in the formation of a clear zone. The
clear zone will be seen more clearly by rinsing with NaCl 1 M, which will dissolve the Congo red that is not strongly
bound [30].
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ZS5 ZS6 |ZS7

Description:a= clear zone; b= colony
Figure 6 Observation results of amylase enzyme tests on seven thermophilic bacterial isolates

The highest EI value was shown by isolate ZS1, which amounted to 6.5 (Table 3). Isolate ZS1 has a large average clear
zone area with a small average colony area, resulting in a high EI value. This makes ZS1 a very promising candidate for
producing cellulase. Meanwhile, isolates ZS2, ZS3, and ZS4 did not show the formation of clear zones, which indicates
the inability of the isolates to produce cellulase enzymes under these test conditions, such as temperature, pH, nutrients,
type of substrate and others. Cellulase enzyme activity of thermophilic bacteria is strongly influenced by environmental
factors, namely temperature, pH, and type of substrate [31].The results of previous research by Naresh et al. [32]
obtained seven isolates of thermophilic bacteria that have the potential to produce cellulase enzymes. Two of them
showed optimum activity at 45°C with IE values of 3.21 and 3.40, respectively. The other five isolates were optimum at
55°C with IE values ranging from 2.61-3.42. These values are lower than the IE values of isolates ZS1, ZS5, ZS6, and ZS7
in this study, which ranged from 1.3 to 6.5.

4. Conclusion

Seven isolates of thermophilic bacteria were obtained from surface compost samples in the pre-decomposition phase
of PT Great Giant Pineapple Compost Plant with diverse macroscopic and microscopic characteristics. All seven isolates
were able to produce catalase enzyme, isolates ZS1, ZS2, ZS3, ZS4, ZS5, and ZS6 were able to produce protease enzyme
with the highest enzymatic index ZS4 (6.1), isolates ZS1, ZS2, ZS3, ZS4, ZS6, and ZS7 were able to produce amylase with
the highest enzymatic index ZS2 (4.37), and isolates ZS1, ZS5, ZS6, and ZS7 were able to produce cellulase enzyme with
the highest enzymatic index ZS1 (6.5).
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