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ABSTRACT

Tomato is a horticultural plant widely cultivated in Bali. Over the three years, the productivity and quality of this plant have
tended to decrease due to pathogen-derived diseases, such as anthracnose caused by Colletotrichum sp. Until recently, control
of this pathogenic fungus has relied on chemical-based fungicides, which lead to many long-term complications, including
pathogen resistance, environmental pollution, the extinction of non-target microorganisms, and negative impacts on human
health. Therefore, alternative methods for plant disease control are urgently needed to combat these pathogen attacks. The
use of plant-derived active compounds has been intensively researched worldwide as a more environmentally friendly
alternative. The main objective of this research was to investigate the effectiveness of Cinnamomum burmanii acetone extract
in inhibiting the growth of Colletotrichum sp., the causative agent of anthracnose in tomatoes, through an in vitro approach.
A non-factorial randomized complete design was applied in the experiment. The results showed that the crude extract of
cinnamon leaves inhibited the growth of the Colletotrichum sp. with an MIC value of 0.9%, an inhibition zone of 2.55 mm,
and an optimal inhibitory concentration of 2%, producing an inhibition zone of 11.10 mm. A GC-MS analysis was conducted
to identify the active compounds in the cinnamon leaf extract. Sixteen active compounds were identified, nine of which are

known to have antimicrobial activity.

Key words: acetone extract, active compound, botanical fungicide, MIC test, secondary metabolites

INTRODUCTION

Tomato (Solanum Ilycopersicum L.) is a
horticultural plant from the Solanaceae family,
which has significant economic value as a vegetable
commodity but suffers from low productivity. The low
productivity of tomatoes in Indonesia is caused by
several factors, one of which is pest and plant disease
infection. One of the major plant diseases that infects
tomato fruit is anthracnose (Shahriar et al., 2023).
Anthracnose disease is caused by pathogenic fungi
from the genus Colletotrichum. In addition to reducing
yield, the pathogen also damages the aesthetic
appearance of tomatoes, which reduces their market
value (Sopialena et al., 2022). For exported fruit that
needs to be stored during shipment, post-harvest
infection can result significant economic loss (Chung
et al., 2020; da Silva et al., 2020).

To control anthracnose

disease, farmers
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commonly use synthetic fungicides. However, the
continuous use of synthetic fungicides can have many
long-term negative impacts, such as the development
of pathogenic resistance, water and soil pollution,
bioaccumulation in organisms, and risk to human health
(Gurusinga et al., 2020). Those effects highlight the
need for alternative approaches to control anthracnose
disease in tomatoes over the long term. One alternative
is the use of botanical pesticides, which are more
environmentlly sustainable. According to Sutriadi et
al. (2020), extract from certain plant species have the
potential to be used as botanical pesticides to control
pests and diseases in plants. Before being applied in
the horticultural industry, plant extract must be tested
in vitro to determine their effectiveness so that they can
be applied effectively in vivo in the field (Suprapta et
al., 2005).

Cinnamon (Cinnamomum burmanii (Nees & T.
Nees) Blume) is a plant species with the potential to be
used as a botanical pesticide. Cinnamon is a popular
spice plant and is commonly used as a main ingredient
in traditional medicine (Intan et al., 2021). Cinnamon
extract has antimicrobial properties that can utilized
as a botanical pesticide. Cinnamon leaf extract can
inhibit the growth of the Fusarium lycopersici fungus,
which causes wilt disease in tomatoes, by 41.66% to
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100% (Darmadi et al., 2015). Meanwhile, cinnamon
bark extract shows medium to high activity (inhibition
diameter 2.33-16.30 mm) in inhibiting the growth of
Candida albicans bacteria (Prasetyorini et al., 2021).
According to Nabila etal. (2021), cinnamon leaf extract
also inhibits the growth of Porphyromonas gingivalis,
a bacterium that causes inflammatory disease in dental
integument tissue, with an inhibition percentage of up
to 95%. The antimicrobial activity is highly related to
the composition of secondary metabolites as its active
compounds. According to Rafif et al. (2022), the active
compounds in cinnamon essential oil (from bark and
leaves) are primarily composed of cinnamaldehyde,
along with other compounds such as monoterpenes,
phellandrene, linalool, caryophyllene, cinnamaldehyde,
hydrocarbon, pinene, benzaldehyde, benzyl benzoate,
cinnamyl alcohol, eugenol acetate, cinnamyl acetate,
eugenol, and methyl eugenol. These compounds have
many medicinal properties, including antimicrobial
activity. Because cinnamon demonstrates promising
antimicrobial abilities, this study aims to determine
the inhibition activity of cinnamon leaf extract against
Colletotrichum sp., the fungi that cause anthracnose in
tomatoes, through an in vitro approach.

MATERIALS AND METHODS

Research Site. The site for tomato fruit sample
collection was located in the agricultural area in Petang
District, Badung Regency, Bali. The infected and non-
infected tomato fruits were preserved separately. The
collected samples were then prepared in the Laboratory
of Biochemistry. Data collection was carried out in
the Laboratory of Biochemistry and the Laboratory
of Microbiology, Biology Study Program, Faculty
of Mathematics and Natural Sciences, Udayana
University.

Colletotrichum sp. Isolation. Colletotrichum sp.
was isolated from tomatoes showing symptoms of
anthracnose disease. The tomatoes were cleaned under
running water, rinsed with sterile water, and then cut
into 1 x 1 cm pieces. The part of the tomato inoculated
was the section with anthracnose symptoms, with
the uninfected part serving as a control. These pieces
were then incubated in petri dishes containing 10 mL
of Potato Dextrose Agar (PDA) media (1 L of PDA
requires 250 g of potato, 20 g of dextrose, and 15 g of
agar). The fungus that grew on the media was isolated,
purified, and identified both macroscopically and
microscopically by observing the color, surface and
edges of the colony, and the shape of the spores and
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hyphae. To ensure that the isolated fungus is the cause
of anthracnose disease in tomatoes, Koch’s Postulate
test was carried out.

Cinnamon Leaves Extraction. The leaves were
collected from a local cinnamon plantation with the
following criterias: (1) the leaves must be free of pests
and diseases; (2) the leaves must be in mature phase,
so the 3™ and 4" leaves were collected; and (3) the tree
must be more than 5 years old and regularly harvested.
To extract the active compounds, the cinnamon leaves
were chopped into small pieces (approximately 1 x
1 cm), then air-dried at room temperature. The dried
leaves were then blended into powder. One hundred
grams of cinnamon leaf powder were then macerated
with 1 L of acetone PA (Pro Analysis) for 72 hours in a
dark place, room-temperature environment. Four layers
of gauze and Whatman filter paper No. 1 were used to
filter the macerated powder. The residue obtained was
macerated again with 1 L of acetone, repeated twice.
The filtrates were combined and then evaporated using
a vacuum rotary evaporator (Iwaki, Japan) at 40 °C to
obtain the crude extract.

Test of Antifungal Activity.

Well diffusion test. Fungal suspensions were prepared
by subculturing pure fungal cultures in PDA media.
Seven-day-old fungal cultures were added to 10 mL
of sterile distilled water and then scraped with a hook
needle to release the fungal conidia and mycelium.
The next step was filtering, which was carried out
using gauze. The fungal suspension was then diluted
to reach a concentration of 2x10° conidia/mL. Petri
dishes containing 10 mL of PDA media and 200 pL
of fungal suspension were allowed to solidify. Once
solid, a diffusion well was made using a cork borer.
Each diffusion well was filled with 20 pL of cinnamon
crude extract using a micropipette. After 72 hours, the
diameter of the inhibition zone around the diffusion
well was measured. According to Flanagan and Steck
(2017), an inhibition zone > 20 mm is categorized as
very strong inhibition, 10-20 mm as strong inhibition,
5-10 mm as medium inhibition, and < 5 mm as weak
inhibition.

Minimum Inhibitory Concentration (MIC) test. To
determine the Minimum Inhibitory Concentration
(MIC) of the crude leaf extract, the study was conducted
using the well-diffusion method. The crude extract
concentrations tested were 0.1, 0.2, 0.3, 0.4, 0.5, 0.6,
0.7, 0.8, 0.9, 1.0, and 0.0% (sterile distilled water was
used as a control). The incubation period was 72 hours,
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after which the inhibition diameter was measured. The
research used a completely randomized design with 11
treatments and three replications (n = 33) (Suprapta et
al., 2005).

Test of optimization of antifungal activity. The optimal
concentration of cinnamon leaf crude extract that can
inhibit the growth of Colletotrichum sp. was determined
after identifying the MIC value of the extract. The
concentration of cinnamon leaf crude extract tested for
optimizing antifungal activity were 1, 2, 3, 4 and 5%
(v/v). Sterile water was used as the negative control,
while the synthetic fungicide Nystatin 5% served as
the positive control. The method for determining the
optimal concentration of cinnamon leaf crude extract
that can inhibit the growth of Colletotrichum sp. was
the same as the method used for the antifungal activity
test.

Active Compound Identification. The identification
of active compounds in the plant leaf extracts that
inhibit Colletotrichum sp. was carried out using
Gas Chromatography—Mass Spectroscopy (GC-MS
QP2010 Ultra Shimadzu). For GC-MS, the eluent
used was a 40:60 ratio of MeOH and H,O, with a
Wakosil ODS/5C18-200 column (4.6 x 200 mm), an
eluent flow rate of 1 mL/min, a temperature of 250 °C,
and detection using UV light at 254 nm. The results
were analyzed by matching the molecular weights and
fragmentation patterns of the isolated compounds with
data in the GC-MS library (Zayed et al., 2019).

RESULTS AND DISCUSSION

Isolation of Colletotrichum sp. Colletotrichum 1is
a concerning pathogen responsible for anthracnose
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disease in several types of plants, particularly
horticultural commodities (Cannon et al., 2012).
Tomato is one of the horticultural plants affected by
anthracnose infection, leading to reduced productivity
and decreased market value (Prasetyo, 2017).
Controlling anthracnose is challenging due to the
unclear host association of Colletotrichum with the
crop plants, which can be either host-specific or involve
multiple hosts (Talhinhas & Baroncelli, 2021; Zakaria,
2021). In tomatoes, anthracnose disease is caused by
several species of the genus Colletotrichum, including
C. cocodes, C. dematium and C. gloeosporioides
(Kumar et al., 2018). Symptoms of anthracnose first
appear as small, circular, slightly sunken lesions
on the surface of ripe fruit (Dowling et al., 2020;
Zakaria, 2021). In some cases, Colletorichum can
induce secondary conidiation and infect immature fruit
without showing symptoms (also known as quiescent
infections), with anthracnose symptoms appearing
when the fruit ripens (Dowling et al., 2020).

Tomato fruit infected by anthracnose shows
typical symptoms, particularly lesions (rot) on the
fruit surface, as shown in Figure 1. The infected fruit,
when isolated, exhibited the formation of white-
hyphae (Figure 1C), which was identified as the colony
of Colletotrichum sp. Specifically, the colony of
Colletotrichum sp. has a cream-white color with grey
to black edges. Sudirga et al. (2022) confirmed that
after a certain period (more than 15 days), the culture
develops black spots on the surface of the colony. This
pure isolate of the fungus was used in a confirmation
test, which was proven through Koch’s Postulate. The
results of the confirmation test are presented in Figure
2.

The Koch’s postulate test, as shown in Figure
2, with the pathogen isolated from tomatoes with

Figure 1. Isolation of pathogenic fungi from tomato fruit éhowing symptoms of anthracnose. A. Tomato plants;
B. Tomato fruit showing symptoms of anthracnose; C. Pure isolate of fungus isolated from tomato fruit

showing anthracnose disease.
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anthracnose disease, confirms Colletotrichum sp.
as the cause of anthracnose in tomato fruit. The
genus Colletotrichum consists of approximately 200
species that cause anthracnose in plants worldwide
(Mongkolporn & Taylor, 2018). Isolation and
identification of pathogens in tomatoes showing
symptoms of anthracnose are carried out to determine
the specific pathogen infecting the tomatoes. Koch’s
postulates were used to confirm that fungal isolates
isolated from tomatoes exhibited symptoms of
anthracnose disease (Sudirga, 2016). According to
Herliyana et al. (2020), Koch’s Postulate testing
procedure to confirm pathogens consists of several
stages: isolation, inoculation, reisolation and
identification of pathogens.

Cinnamon Leaf Extraction and Test of Antifungal
Activity. Crude extract of cinnamon leaves was
obtained by extracting the leaves using the maceration
method with acetone. The results of the cinnamon
leaf extraction are presented in Figure 3. The crude
extract was then stored in a dark bottle at room
temperature. The well diffusion method was used to
test the effectiveness of the crude extract of cinnamon
leaves against Colletotrichum sp. The results of the
antifungal activity test are presented in Figure 4.
The control treatment using sterile water showed
no inhibition, while the 33% cinnamon leaf crude
extract demonstrated clearinhibition. As inhibition
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was observed, the test was continued to determine the
lowest concentration that could inhibit the growth of
Colletotrichum sp.

The Minimum Inhibitory Concentration (MIC)
test was carried out, and the results are presented
in Table 1. Based on the MIC test, the minimum
concentration of cinnamon crude extract required to
inhibit Colletotrichum sp. was 0.9%. The result imply
that concentrations 1% or higher show inhibitory
performance. To determine the optimum concentration
for inhibition, an optimization test was conducted
using cinnamon crude extract at five concentrations
(1%, 2%, 3%, 4%, and 5%) and compared to sterile
water as a negative control and 5% Nystatin fungicide
as a positive control. The results of the optimization
test was presented in Table 2.

Based on the results in Table 2, the 2% of
cinnamon crude extract (11.10 = 0.57 mm) showed
better inhibition than the 5% Nystatin (10.48 + 0.28
mm). The highest inhibition occurred with the 5%
cinnamon crude extract, showing 16.44 + 0.35 mm
inhibition, indicating its potential use as a natural
antifungal.

Secondary metabolites such as terpenoids,
alkaloids, and phenol compounds found in plants act
as defense compounds that have the potential to inhibit
the growth of pathogenic fungi. Extraction is a common
method used to isolate secondary metabolites from
plant parts. Based on the results presented in Figures

Test for isolated pure Colletotrichum sp. A. Fresh tomatoes inoculated with isolated

the fungus; B. Incubation of tomatoes that have been infected with isolated the fungus; C. Tomato fruit

shows symptoms of anthracnose.

Figure 3. Extraction of cinnamon leaves. A. Cinnamon plani?s‘; B.M

aceration of cinnamon leaf powder

with PA acetone; C. Crude extract of cinnamon leaves.
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3 and Figure 4, the crude extract of cinnamon leaves  inhibition zone of 25 mm. According to Flanagan &
effectively inhibited the growth of Colletotrichum sp.,  Steck (2017), the inhibition zone reflects the ability
the fungus causing anthracnose in tomatoes, with an  of the active compounds in plant extracts to inhibit

Figure 4. Inhibition of cinnamon leaf crude extract against the fungus Colletotrichum sp. A. Control treatment by
using sterile water. The blue arrow showing the diffusion well without inhibition; B. Treatment of 33%
cinnamon leaf crude extract. The yellow arrow showing the inhibition zone.

Table 1. Minimum inhibitor concentration (MIC) of cinnamon leaf extract against the fungus Colletotrichum sp.
which causes anthracnose disease on tomatoes.

No. Extract concentration (%) Inhibition zone (mm)
1. Sterile water (control) 0
2. 0.1 0
3. 0.2 0
4. 0.3 0
5. 0.4 0
6. 0.5 0
7. 0.6 0
8. 0.7 0
9. 0.8 0
10. 0.9 2.55
11. 1.0 9.64

Table 2. Inhibitory effect of cinnamon leaf extract treatment on the Colletotrichum sp. which causes anthracnose
disease on tomatoes in vitro.

No. Treatment Average of inhibition (mm)
1. Sterile water (negative control) 0.00 = 0.00a
2. Nystatin 5% (positive control) 10.48 = 0.28¢
3. Cinnamon crude extract 1% 9.64 = 0.40b
4, Cinnamon crude extract 2% 11.10£0.57d
5. Cinnamon crude extract 3% 13.42+0.19¢
6. Cinnamon crude extract 4% 1445+ 0.21f
7. Cinnamon crude extract 5% 16.44 + 0.35¢g

Annotation: the average value in the same column is significantly different at the 5% error (p<0.05) if followed
by different letters.
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the growth of pathogenic fungi. If the inhibition zone
exceeds 20 mm, it indicates that the active compound
is very effective at inhibiting the pathogenic fungus.
According to Liang et al. (2019), crude cinnamon
leaf extract can inhibit the growth of Staphylococcus
aureus and Escherichia coli bacteria, with inhibition
zones of 23.31 mm and 20.61 mm, respectively.
Additionally, cinnamon bark extract can inhibit the
growth of Colletotrichum musae and prevent spore
germination in C. gloeosporioides (Kowalska et al.,
2021). The antifungal mechanism of the extract works
by damaging the fungal cell walls (Darmadi et al.,
2022).

Active Compound of Cinnamon Leaf Crude
Extract. The ability of cinnamon leaf extract to inhibit
the growth of Colletotrichum sp. is due to the presence
of secondary metabolites within it. The analysis of
secondary metabolite content in the cinnamon leaf
extract, perfomed using GC-MS, is presented as a
chromatogram in Figure 5, and the identified active
compounds are listed in Table 3. Based on the analysis,
16 compounds were identified in the acetone extract
of cinnamon leaves. Four of these compounds, while
having different retention time (RT), are still included
in the Table 3: (1) 2,6-Dimethyl-6-nitro-2-hepten-4-
one; (2) 2-Propenal, 3-phenyl-; (3) 1-Nonadecene; and
(4) 1-Heptacosanol. Among the 16 active compounds,
nine are recognized for their antimicrobial potential,
marked with an asterisk (*) in Table 3.

The compound 2-Propenal, 3-phenyl- is
known as cinnamaldehyde, a well-known active
compound in cinnamon that effectively inhibits
various microorganisms, including bacteria, yeasts,
and moulds, and also prevents these microorganisms
from producing toxin (Doyle & Stephens, 2019). In
terms of antifungal activity, cinnamaldehyde and
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its derivatives have been reported to inhibit several
pathogenic fungus. Cinnamaldehyde can inhibit the
growth of Streptococcus mutans (He et al., 2019), and
Staphylococcus epidermidis (Albano et al., 2019), and
it has also been shown to inhibit fungi from the genera
Aspergillus, Trichophyton, Coriolus, Laetiporus,
and Candida (Doyle & Stephens, 2019). Albano et
al. (2019), further revealed that cinnamaldehyde
can affect cell membrane permeability and reduce
microbial biofilm formation, suggesting that it not
only has potential as an antimicrobial agent but also as
an antibiofilm agent for industrial disinfection.

The derivative of cinnamaldehyde identified in
this study with antimicrobial activity is 2-Propen-1-ol,
3-phenyl- (CAS:cinnamyl), also known as cinnamyl
alcohol. Cinnamyl alcohol is produced through the
selective hydrogenation of cinnamaldehyde and
is mainly used in industries as a key precursor for
flavouring, perfumes, and pharmaceutical compounds
(Bonita et al., 2020; Lv et al., 2020). According to
Vasconcelos et al. (2018), cinnamyl alcohol, as an
antimicrobial compound, inhibits microbial growth
by preventing cell division, ATP synthesis, and
microbial motility. Cinnamyl alcohol can also be used
to modify chitosan oligosaccharides to enhance their
antimicrobial activity, particularly as an antibacterial
agent (Yue et al., 2020).

The compound 2H-1-Benzopyran-2-one (CAS:
coumarin) is known as coumarin. Coumarin and its
derivatives are naturally found in various plant species
and are widely used as antimicrobial agents and
even as anticancer compounds (Akkol et al., 2020;
Annunziata et al., 2020; Carneiro et al., 2021; Sahoo
et al., 2021). In terms of antifungal activity, coumarin
is a promising antifungal agent that significantly
inhibits the growth of Candida albicans, Fusarium
oxysporum, Aspergillus flavus, Aspergillus niger and

TK
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Figure 5. Chromatogram of GC-MS analysis of cinnamon leaf extract with the highest inhibition against

Colletotrichum sp.
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Cryptococcus neoformans (Annunziata et al., 2020).
Coumarin also exhibits antiviral properties. Mishra et
al. (2020) compiled the potential of coumarin and its
derivatives as antiviral compounds, showing efficacy
against hepatitis viruses, HIV, influenza virus, dengue
virus, chikungunya virus, and others.

1-Nonadecene has been reported to exhibit
antifungal activity against Fusarium sp. and
antibacterial activity against Gram-positive bacteria
(Smaoui et al., 2012). This compound can be extracted
from plants, such as in the methanolic extract of
Ageratum conyzoides (Ferdosi at al., 2021), or from
fungi like Streptomyces species (Smaoui et al., 2012)
or Aspergillus arcoverdensis (Skanda & Vijayakumar,
2021). 1-Nonadecene not only acts as an antimicrobial
agent but also possesses antioxidative and anti-
inflammatory properties (Skanda & Vijayakumar,
2021). Another compound from the extract,
phytolisomer, also exhibits antifungal activity against
Alternaria infectoria and Aspergillus fumigatus (Silva
et al., 2018).

Hexadecanoic acid, commonly referred to
as palmitic acid, is a methyl ester compound with
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antimicrobial properties, particularly as an antibacterial
and antifungal agent (Akpuaka et al., 2013; Skanda
& Vijayakumar, 2021). According to Shaaban et al.
(2021), hexadecanoic acid, when combined with silver
nanoparticles, can inhibit drug-resistant microbes.
Another ester compound found in the acetone extract
of cinnamon leaves is 1,2-Benzenedicaboxylic
acid, mono(2-ethyl). The antifungal activity of this
compound was reported by Singh et al. (2015) in tests
using mango bark extract. Other research has confirmed
the biological activities of 1,2-Benzenedicaboxylic
acid, such as antimicrobial, antifungal, antioxidative,
and anticancer properties (Zayed et al., 2019; Kumar et
al., 2022a). It also shows potential for use as a larvicidal
and pupicidal agent for mosquito control (Kumar et al.,
2022b).

1-Heptacosanol is an important compound
in plants that plays a vital role in protecting against
pathogenic fungal infections (Chowdhary & Kaushik,
2018; Hawar et al., 2023). 1-Heptacosanol has various
uses in plants and fungi and also holds pharmaceutical
value for humans, including antifungal, antimicrobial,
antinematode, anticancer, and antioxidative properties

Table 3. The identified active compounds in cinnamon leaf extract have the potential to inhibit the growth of

Colletotrichum sp.

D Compound Retentiqn Time Peak Area  Molecular Molepular
(min) (%) Formula Weight
1 2,6-Dimethyl-6-nitro-2-hepten-4-one 5.156 699691 CO9HI5NO3 185
2,6-Dimethyl-6-nitro-2-hepten-4-one 5.249 1369408  CO9HI15NO3 185
Guanidine, monothiocyanate 6.091 225905 C2H4N4S 116
3 2,4-Pentanediol, 2-methyl-(CAS)2-methyl-2  6.161 274629 C6H1402 118
4*  2-Propenal, 3-phenyl- 7.978 244541 C9H8O 132
2-Propenal, 3-phenyl- 8.037 996450 C9H8O 132
5%  2-Propen-1-ol,3-phenyl-(CAS) cinnamyl 8.747 247154 C9H100 134
6 1-Tetradecene 10.708 246503 C14H28 196
7%  2H-1-Benzopyran-2-one (CAS) coumarin 11.934 1405717  C9H602 146
8 2-Propen-1-ol, 3-phenyl-, acetate 12.091 819863 C11H1202 176
I-Hexadecene (CAS) cetene 17.477 347334 C16H32 224
10 5-Methyl-3-phenylcyclopent-2-en-1-one 19.637 174909 C12H120 172
11* 1-Nonadecene 23.841 332848 C19H38 266
1-Nonadecene 28.631 262511 C19H38 266
12* Hexadecanoic acid, methyl ester 27.045 245458 C17H3402 270
13* Phytolisomer 30.179 129999 C20H400 296
14* n-Tetracosanol-1 30.994 189795 C24H500 354
15* 1-Heptacosanol 32.372 134649 C27H560 396
1-Heptacosanol 33.728 74499 C27H560 396
16* 1,2-Benzenedicarboxylic acid, mono(2-ethyl) 33.284 3439668  C16H2204 278

Asterix (*) after the number indicating the active compounds with antimicrobial potential.
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(Raman et al., 2012; Skanda & Vijayakumar; 2021).
n-Tetracosanol-1, is also known as lignoceric alcohol,
is classified as a primary alcohol, with its main
function being an antioxidative compound (Farida
et al.,, 2021). According to research by Talie et al.
(2020), n-Tetracosanol-1, found in the essential oil
of Rhizopogon species, exhibits antifungal activity
against Penicillium chrysogenum, Aspergillus niger,
and Alternaria alternata, which cause post-harvest
disease in apple plants.

CONCLUSION

The crude extract of cinnamon leaves
(Cinnamomum burmanii) can inhibit the growth of the
pathogenic fungus Colletotrichum sp., which causes
anthracnose in tomatoes, with a very strong inhibition
zone. A 2% (w/v) concentration of cinnamon extract
effectively inhibits Colletotrichum sp. in vitro. Sixteen
active compounds were identified in the acetone extract
of cinnamon leaves, nine of which are antimicrobial
compounds: 2-Propenal, 3-phenyl; 2-Propen-1-ol,
3-phenyl-(CAS  cinnamyl);  2H-1-Benzopyran-2-
one (CAS coumarin); 1- Nonadecene; Hexadecanoic
acid, methyl ester; Phytolysomer; n-Tetracosanol-1;
1-Heptacosanol; and 1,2-Benzenedicaboxylic acid,
mono(2-ethyl).
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