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Abstract. Several bacteria are found to be potential as antagonists due to
their capacity in producing extracellular enzymes amylase, protease,
gelatinase, cellulose and chitinase. In this research, we collected bacteria
from both healthy and anthracnose-infecting chili plants (root, stem and
leaf). The results revealed that 27 bacterial isolates are non-pathogenic and
non-hemolytic to plants, which are 10 bacteria isolated from roots, 8
bacteria isolated from leaves, 7 bacteria isolated from stems and 2 bacteria
isolated from fruits. Morphology identification showed that most of non-
pathogenic bacteria are circular, irregular and punctiform, with elevation
flat, raised and umbonate. White and milky bacteria are dominant, with
varied opacity (transparent, translucent and opaque) and textures (slimy,
mucoid, shiny and dry). Enzymatic activity test revealed 11 isolates
produced protease, amylase and chitinase enzymes (isolates 11, 34, 42, 48,
111,118, 139, 188, 215, 216 and 218).

1 Introduction

Chili (Capsicum annuum L.) is one of vegetable crops with high economic value and is
widely used for household consumption and in the food industries. The demand of this
commodity is increasing with the increasing of population and agricultural productivity every
year. Chilli production in Indonesia recorded 1.55 million tons in 2023 with average
consumption 2.42 kg/capita/year, revealing an increase 4.3% compared to 2022 with a
population of 280,073 million [1]. These data showed that the chili production in Indonesia
is still low.
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Colletotrichum spp. as causal agent of anthracnose disease is responsible for drastic yield
loss in chilli production worldwide, in both tropical and subtropical regions. Typical
symptoms of this disease in chili include dark spots on leaf and fruit, becoming darker with
time, causing fruits to be softer and slightly sunken. This pathogenic fungus can be
transmitted through infected seeds in nurseries and later infecting healthy plants in the field.
This species is taking nutrients from living plants and it also can live on dead matter. This
ability allows them to easily spread and to cause disease in the field [2]. High humidity and
rainfall contribute to higher disease incidence compared to dry season. The loss can reach
50% to 100% [3—5] while in dry season the loss varied between 20%-35%.

Colletotrichum  capsici, C. gloeosporioides, C. acutatum, C. dematium, C.
atramentarium, C. coccodes and C. nigrum are the species found the most infesting chili
plants in Indonesia [6—8]. In Indonesia, almost all chili plants are infected by anthracnose
disease and C. acutatum, C. capsici and C. gloeosporioidees are dominant species found in
each province. These 3 species are dominant found in chili in Indonesia. To overcome this
problem, farmers often use synthetic fungicides by applying the synthetics 2-3 times a week,
also with combining more than two active ingredients in one-time application [9,10].
Nevertheless, the excessive use of synthetics causes environment deterioration, higher crop
residues problem, resistance development in pathogens and the loss of non-target and
beneficial organisms [11].

The utilization of microbial antagonists obtained from plant roots, stems and leaves is
expected to be the better approach to control anthracnose disease in chili. There are several
antagonists have been used to replace the use of synthetics, such as Bacillus
amyloliquefaciens and B. velezensis against C. scovillei, B. tequilensis against C. acutatum,
B. velezensis against C. gloeosporioides, Trichoderma spp. against C. capsici and
Aspergillus niger against C. gloeosporioides [12—16]. These microbes do have a variety of
antagonistic traits, which they have the ability to produce antifungal secondary metabolites
such as extracellular enzymes (chitinase, protease, cellulase, amylase and glucanase) and
siderophores [17-19]. These enzymes play an important role in plant growth and
development. Besides, these enzymes such as chitinase, protease, cellulase, amylase and
lipase have also been applied in cosmetic industries [20,21].

Several agricultural industries have been used those antifungal enzymes to help them
reducing the infection of anthracnose disease in chilli, replacing the application of synthetic
fungicides. For this reason, studies and explorations on microbial antagonists are plenty
nowadays. Therefore, this research also aimed at assessing several bacterial antagonists
obtained from chili plants, which have potential producing important enzymes amylase,
chitinase, gelatinase and proteolytic.

2 Materials and Methods

2.1 Sample collection

Plant parts such as roots, stems and leaves were obtained from chili plantations in lowlands
and highlands in 4 regencies in Sumatera Utara, namely Deli Serdang, Langkat, Karo and
Simalungun. The lowlands are located in Deli Serdang and Langkat. In Deli Serdang
Regency, we observed chili plantations in 2 different villages, Emplasmen Kualanamu (3.1
m asl) and Sidodadi Ramunia (3.79 m asl). In Langkat Regency, we also observed 2 chilli
plantations in 2 different villages, Kwala Bingai (3.79 m asl) and Padang Brahrang (3.81 m
asl). We also collected samples from highlands, Karo and Simalungun regencies. In Karo
Regency, we obtained samples from villages Merek-Suka (1,116 m asl). and Negeri
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Tongging (1200 m asl). In Simalungun Regency, samples were obtained from villages
Seribudolok (1,380 m asl) and Siboras (1400 m asl). The selected sampling sites are 0.5 ha
minimum with 50% infection rate, with one village displays healthy plants (to be collected
as control/comparison). Employing diagonal design method, 3 (three) chili plants were
collected from each location. The roots were collected by digging the soils 30 cm from the
surface. Healthy and infected stems and leaves were also collected using sterilized
equipment. The samples of roots, stems and leaves were separated and were put in plastic
(with labels for each) and then were put in a cooled box at 4°C for further use. The bacterial
isolation and characterization were carried out at Plant Disease Laboratory, Agriculture
Faculty, Universitas Sumatera Utara and at Quarantine Laboratory I, Kualanamu, Medan
from July 2023-July 2024.

2.2 Initial screening for bacterial antagonist

The plant parts were soaked in 50 ml alcohol 70% for a minute, continued by soaking them
with hypochloride 2% for a minute and re-soaked with alcohol for 30 seconds before cleaning
them using distilled water 3 times. These sterilized plant parts were cut in exact size 1x1 cm
air-dried before grounding them with mortar for the experiments involving suspension 10
on PDA and NA media using spreader.

Each petri dish was labelled with codes containing the place where the isolates obtained
from. The successful isolates posing transparent zones were replaced to new NA media
through streak quadrant method (3 times) to produce pure bacterial culture. We obtained 218
bacteria isolates for hemolysis test using blood agar. Transparent zones produced by bacteria
showed that they are pathogenic to human [22,23].

Microbes (bacteria and fungi) with no hemolytic activities on blood agar were assessed
on 3-week-old cabbage. They were cultured on NA (for bacteria) and PDA (fungi) media and
the bacteria produced in NA were applied beneath two leaf epidermis on cabbage in the form
of suspension (£10” CFU ml™"). Macroscopic characterization were then applied to bacterial
with no pathogenic activities on plants and human with several variables observed: shape,
elevation, margin, size, color, opacity and texture with the guideline of Bergey’s Manual of
Determinative Bacteriology by [24].

Amylolytic test was employed by culturing the bacterial isolates on amylum- suspended
NA media and were incubated at 37°C for 48 hours. The sodium was then applied on the
bacteria to observe the transparent zones produced. These isolates then were re-cultured on
NA media with modification [25-27]. For proteolytic test, bacterial isolates were cultured on
Skim Milk Agar (SM Agar) added with tryptone, yeast extract and dextrose, incubated at
37°C for 48 hours [25-27]. Proteolytic, amylolytic and chitinolytic activities were recorded
using this following formula [28]:

5 =E (dc® — deo®) (1)
Where:
S = enzyme intensity (mm?)
de = diameter of clear zone (mm)
dco = diameter of colonization (mm)

Bacterial pathogenic activity, bacterial haemolytic activity, macroscopic characteristics of
the selected bacteria, amylolytic, proteolytic, gelatinase and chitinase activities demonstrated
by the selected bacteria were observed in this study.
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3 Results

3.1 Pathogenic and hemolytic activity of single bacterial isolates

From a total 218 isolates obtained from field, there were 42 isolates assessed on PDA media
and then were re-cultured on NA for their pathogenic activity through hemolytic and
pathogenic tests. When there is no hemolytic activity, the bacteria is non-pathogenic. These
non-pathogenic bacteria were then infested in cabbage for further assessment by injecting the
bacterial suspension beneath its leaf epidermis. The plants were daily observed for 1 week.
Leaf cabbage posing necrotic symptom showed that the bacteria are pathogenic.

Table 1. Pathogenicity and haemolysis tests of bacterial isolates

No Isolate Code hemolytic activity pathogenic activity
1 29 ) -
2 42 - -
3 58 - -
4 60 + -
5 117 + -
6 118 - -
7 129 + -
8 131 + -
9 136 + -
10 137 + -
11 139 - -
12 163 - -
13 207 - -
14 214 + -
15 215 - -
16 216 - -
17 217 + -
18 218 - -
19 11 - -

20 30 + -
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21 33 -
22 37 -
23 48 -
24 49 -
25 73 -
26 111 -
27 116 -
28 120 -
29 133 -
30 157 -
31 184 -
32 202 -
33 34 -
34 82 -
35 90 -
36 101 -
37 138 -
38 161 -
39 187 -
40 188 -
41 190 -
42 199 -

As explained in the result above, we found that 27 out of 42 bacterial isolates are non-
pathogenic, which are 10 bacteria isolated from roots, followed by 8 bacteria isolated from
leaves, 7 bacteria isolated from stems and 2 bacteria isolated from fruits. This result showed
that chili plant root contains good bacteria, beneficial for protecting plants, plant growth and
for providing nutrients including N, P and K, compared to antagonists found in stems, leaves

and fruit.
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3.2 Characterization and identification of bacterial isolates

Macroscopic identification was carried out on these bacterial isolates on NA media to observe
bacterial shape, color, size, elevation and edge. This information was presented in Table 2.

Table 2. Macroscopic identification of bacterial antagonists

Iso-
Morpholo;
late source ram i
o * Shape eleva- margin Size color opacit; Textu-
de P tion g pacity re
29 root - circular flat entire Small white trarl:lrza— slimy
42 root + circular flat entire mr(;?:- milky circular mucoid
58 root + circular flat entire Small white circular hiny
60 root + circular raised entire Small white circular slimy
117 root - circular flat entire Small white tra;;?lr:a_ shiny
118 root + circular raised entire Small white opaque slimy
ti- . ti- . t - .
129 root + punctt flat entire punctt white ranspa mucoid
form form rent
131 root + circular flat entire Small white trizfllza- shiny
. . filamen- . trans- .
136 root - circular raised Small white slimy
tous lucent
. . . transpa- .
137 root - irregular flat filiform small white renlz mucoid
. . . transpa- .
139 root - circular flat entire small white renrz shiny
. . . transpa- .
163 root + circular flat entire small white renI: slimy
. . transpa- .
207 root + circular flat undulate small white renl: shiny
214 root - puncti- flat entire small white transpa- - icoid
form rent
. . . . trans- .
215 root + circular raised entire small milky mucoid
lucent
. . . trans- .
216 root + circular raised entire small yellow mucoid
lucent
217 root + circular flat undulate small white opaque slimy
. . . t - .
218 leaf + circular flat entire small white ra;r;}:a slimy
11 leaf + puncti- flat entire puncti- white transpa- shiny
form form rent
30 leaf + circular flat entire small white triziﬁa_ slimy
. . . trans- .
33 leaf + irregu-lar raised undulate small milky slimy
lucent
37 leaf - puncti- flat entire puneti=| - ite transpa- slimy
form form rent
48 leaf + circular umbo- entire small milky trans- slimy
nate lucent
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49 leaf + circular flat undulate small white opaque dry
73 leaf + circular flat entire small white tra::l;za- slimy
111 leaf + circular raised entire small milky trizfllza- slimy
116 | leaf - Rhizoid flat filiform | small | white tri’;‘:a' shiny
120 | leaf + puncti- | igeq | filamen- | puncti- | L) transpa g
form tous form rent
. . . trans- .
133 leaf + circular convex entire small white mucoid
lucent
157 leaf + circular flat undulate mode- white transpa- shiny
rate rent
184 leaf + circular flat undulate small white opaque slimy
202 stem - circular raised entire small milky trizfllza- mucoid
34 stem - Rhizoid flat filiform small milky opaque mucoid
82 stem + circular flat undulate small white trans- dry
lucent
90 stem - circular flat entire small milky trans- slimy
lucent
101 stem - circular flat entire small white trizfllza- slimy
138 stem - circular raised entire small white trans- slimy
lucent
161 stem + circular raised entire small white opaque slimy
187 stem - circular flat entire small white trarl:l[za— slimy
188. fruit + circular raised entire small white triréfﬁa- slimy
190 fruit - circular raised lobate small milky opaque mucoid
199 fruit + circular flat undulate small white trarrglria— shiny

Table 2 presented the results of macroscopic identification of bacterial isolates. From 42
screened bacteria, we found 27 gram-positive bacteria and 15 gram-negative bacteria. Based
on the morphology characterization, there is similarity in shape between bacteria (circular
and punctiform), but with varied elevation, margin, size, color, opacity and texture.

3.3 Potential bacterial antagonists based on their enzymatic activities

Generally, enzymes are obtained from several microbes. These microbes secrete enzymes in
varied amounts. Bacteria are known to be a source of enzyme production. The results of
amylolytic, protease, gelatinase and chitinase test on bacterial isolates were given in Table 3.
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Table 3. Enzymatic test for assessing bacterial antagonists

No Isolate Code amylolitic protease gelatinase chitinase
1 29 + + - -
2 42 + + + +
3 58 + + + -
4 118 + + + +
5 139 + + + +
6 163 + + + -
7 207 + + + -
8 215 + + + +
9 216 + + + +
10 218 + + + +
11 11 + + + +
12 33 + + + -
13 37 + + + -
14 48 + + + +
15 111 + + + -
16 116 + + + -
17 120 + + - -
18 133 + + + +
19 34 + + + +

20 82 + + + -

21 90 + + + +

22 101 + + + -

23 138 + + - -

24 161 + + - -

25 187 + + + -

26 188 + + + +

27 199 + + + -
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Table 3 explained that there are total of 27 bacterial isolates exhibited amyloltic, proteolytic,
gelatinolytic and chitinolytic activities and all isolates possessed amylolytic and proteolytic
activities. However, only 24 isolates exhibited gelatinase activity and 12 isolates expressed
chitinolytic activity. The amylolytic activity by bacteria can be tested by applying some
iodine as an indicator on the surface of the media. The appearance of transparent zones
indicates that the bacteria produce amylolytic enzyme, and if there is no transparent zone, it
shows no amylolytic enzymes produced. Similar results on proteolytic activity, transparent
zones indicated that bacteria produced protease enzyme.

34 Enzymatic activities

The tests conducted for assessing the potential of bacterial antagonists confirmed that
bacterial isolates obtained from chili plants (root, stem, leaf and fruit) demonstrated the
ability of bacteria to produce extracellular enzymes such as protease, amylase and chitinase.
According to [29,30], the production of transparent zones by bacteria depends on their ability
to breakdown the complex molecules into simple molecules. Our experiments revealed 11
isolates expressed the ability to produce those 3 enzymes (isolates 11, 34, 42, 48, 111, 118,
139, 188, 215, 216 and 218).

Table 4. Enzymatic activities of bacterial isolates

No Code Pr?;ler(:llzy;tic an(lryrflll(::gf)tic cl(ljflir?lg)se
1 29 8.52 26.35 -
2 42 62.47 108.19 422
3 58 23.64 63.35 -
4 118 29.12 47.73 13,42
5 139 19.19 33.88 23.88
6 163 37.92 75.11 -

7 207 52.21 99.93 -
8 215 88.20 113.13 18.88

9 216 94.12 109.16 39.12
10 218 81.11 114.46 20.26
11 11 97.14 123.37 32.24
12 33 89.12 59.94 -
13 37 70.10 62.23 -
14 48 59.82 110,72 15.30
15 111 99.18 68.72 49.27
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16 116 55.13 40.10 -
17 120 42.22 79.64 -
18 133 72.43 101.54 -
19 34 77.15 121.12 34.12
20 90 67.78 65.19 -
21 82 28.92 40,02 -
22 101 45.32 66.22 -
23 138 39.63 55.18 -
24 161 60.10 52.74 -
25 187 68.10 90.90 -
26 188 97.10 135.67 46.82
27 199 92.11 66.82 -

4 Discussions

Gram staining is a common technique to separate bacteria into two groups: gram-positive
organisms resulted from basic pH of the chromophore (color bearing ion) and gram-negative
organisms, resulted from acidic pH of the chromophore. Majority of the stains used for
staining bacteria are of the basic pH as negative ions dominated bacterial cell walls,
cytoplasm and membrane cell, which attract the positive ions, e.g methylene blue and crystal
violet. Positive ions, basic stain, negative ions and acidic stains influence the results of
bacterial observation [31,32]. From total 42 selected bacterial isolates we have, gram-
negative bacteria are more dominant as a result of lower peptidoglycan in the bacterial cell
wall, but high of phospholipid and protein layer.

Generally, gram-negative bacteria are resistant to acids and metals. Gram-negative bacteria
are more tolerant to heavy metals compared to positive gram bacteria due to they have more
complex cell walls and dense capsules, which may be essential in metal adsorption, allowing
them to have higher tolerance towards metal concentration [33]. Gram-positive bacteria have
a thick layer of peptidoglycan and lack of outer membrane compared to gram-negative
bacteria [34]. Interestingly, gram-positive bacteria exhibit higher peptidoglycan than gram-
negative bacteria, functioning as protective barrier against extreme changes in environment
[35]. They also produce few of teichoic and teichuronic acids. Teichoic acids such as
galactose, mannose, rhamnose, arabinose and glucosamine provide high density of negative
charge in the cell wall, contributing to virulence and antibiotic resistance in pathogenic
species [36]. Non-bacterial pathogens, both positive and negative-gram bacteria play an
important role as biocontrol agents.

The bacterial isolates we assessed during this study shared similar morphology and
characteristics as illustrated in guideline book for bacterial identification. According to [37],
bacteria classification relies on gram staining, the temperature, the type of environment in

10
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which they inhabit and more importantly, their growth patterns, which provide varied colony
structures. Conventional method through colony or cell morphology characterization still
reliable to use nowadays [38]. Morphology observation is an important step, facilitating
easier further identification of bacterial colony. This observation includes identifying their
shapes, margins, elevations and colour of the colony [39,40].

Enzymes are complex protein molecules, acting as biological catalysts by accelerating
chemical reactions inside cells. These enzymes such as amylase, protease and chitinase are
found in all living organisms, including plants, posing a significant role in matter
decomposition and pathogen growth inhibition. Bacteria producing exoenzyme amylase are
able to hydrolyse amylum (starch) into glucose [41,42]. These groups of bacteria are essential
in environment as probiotic agents and bioremediation. In general, amylolytic bacteria
produce extracellular enzyme inside cells and function outside the cells [43,44]. Amylolytic
test is to determine bacteria activity in hydrolysing amylum. This amylolytic activity is
employed by applying iodine as a pathogenicity indicator. The formation of transparent zones
around the fungal colony indicates amylolytic enzymes exhibited by bacteria [45]. Carbon
requirement in bacteria also determines the appearance of this transparent zone.

Microbial protease is an important key for enzymatic breakdown of proteins, generating
smaller peptides and amino acids [46—48]. These enzymes are crucial and have been used in
various industrial domains such as detergent industry for stain removal during laundry, food
industries (bakery, milk, beer), pharmacies and other chemical industries [49—51]. Proteolytic
activity can be identified when the transparent zones (halo zones) are created in a growth
media [52]. This research used Using SM Agar Media to observe the proteolytic activity, by
the appearance of clear zone. In agricultural settings, protease-producing bacteria offer
potential biocontrol capabilities against phytopathogens. Temperature and pH temperature
plays important role for proteolytic activity of Stenotrophomona sp [53]. The microbe
showed optimum activity at pH 8 and temperature 60°C (419.68 U/mL and 519.86 U/mL).
Seven bacterial strains capable of producing protease enzymes, with Bacillus spp. being
predominant among the isolates [54]. Proteolytic activity posed by isolates s6-19 and S4-19
of Streptomyces spp. facilitated 63% and 56% disease protection against downy mildew
caused by Sclerospora graminicola in pearl millet [55]. Drought-sensitive plants exhibit
higher proteolytic activities, protecting the plants from water-deficit condition [56].

Gelatin is usually made of animal bones, cartilage and skin and is often employed as an
ingredient of fertilizer and is used to stimulate plant growth and protection [57-59].
Gelatinase enzymes are also secreted by several bacteria which effectively hydrolize
gelatines into peptides, providing nitrogen, allowing the plants to use it for their development.
Earlier studies documented various bacteria indicate gelatinase activity. [60] found 86%
bacteria isolated from Lessertia frutescens produced gelatinase and amylase, enabling these
bacteria to have potential for sustainable agriculture and ecosystem management. [61]
reported gelatinase activity exposed by Lysobacter capsici has successfully reduced the eggs
and juveniles of root-knot nematode in tomato plants in Korea by using them as a medium
for their enhanced gelatinase activity in in-vitro experiments. [62] confirmed that a gelatinase
and chitinase-producing bacterium, Lysobacter antibioticus HS124 exhibit an important role
in controlling stink bug and improving the soybean yield by 17.0, 20.3, 19.0 and 25.6% at
different experimental sites.

Chitinolytic bacteria are able to degrade chitin into oligomers and its derivatives, where they
have been used in many fields such as medical, agrochemical food and cosmetic industries.
This enzyme is not only produced by bacteria, but also fungi, insects, plants, animals and
humans [63]. Chitinase can be utilized as bio-control, protecting plants from phytopathogens
by causing lysis to the cell walls of those fungi. Previous studies showed several applications
of chitinase produced by endophytic bacteria to control diseases caused by phytopathogens
[64]. [65] investigated that bacteria Pseudomonas stutzeri isolated from plant Wheithania

11
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somnifera exhibits chitinase which controls the growth of Fusarium oxysporum and
Rhizoctonia solani. Also, [66] described that several chitinolytic bacterial strains such as
Paenibacillus elgii HOA73, Lysobacter capsici HS124, Streptomyces griseus, Pseudomonas
Sfluorescens, and Paenibacillus ehimensis MA2012 demonstrated the ability to control several
strains of C. gloeosporioides in pepper.

5 Conclusions

There are 27 non-pathogenic bacterial isolates obtained from pathogenicity and hemolysis
tests, which the higher number of species found in roots, 10 isolates, followed by 8 isolates
obtained from the leaves, 7 isolates from stems and 2 isolates from fruits Morphology
identification showed that most of non-pathogenic bacteria are circular, irregular and
punctiform, with elevation flat, raised and umbonate. White and milky bacteria are dominant,
with varied opacity (transparent, translucent and opaque) and textures (slimy, mucoid, shiny
and dry). Enzymatic activity test revealed that 11 isolates expressed the ability to produce
protease, amylase and chitinase enzymes (isolates 11, 34, 42, 48, 111, 118, 139, 188, 215,
216 and 218).
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