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Abstract: Cinnamomum burmanni has antifungal and antibacterial properties, including alkaloids,
tannins, flavonoids, saponins, terpenoids, and essential oil content of cinnamaldehyde, eugenol, and
safrole. This study aims to determine the antibacterial properties against Streptococcus mutans and
Staphylococcus aureus, antifungal properties against Candida albicans and Candida tropicalis, antioxidant,
and flavonoid content of microwave-assisted extraction (MAE) extracts from C. burmanni bark. This
study began with the MAE extraction of C. burmanni, followed by qualitative phytochemical tests on
the alkaloids, tannins, flavonoids, saponins, and terpenoid groups. Furthermore, using the UV-Vis
spectrophotometry method, a quantitative phytochemical test was performed to determine the levels
of flavonoids. The 1,1-diphenyl-2-pikrilhidrazil (DPPH) method was used for the antioxidant test, the
agar dilution method for the minimum inhibitory concentration (MIC), and the paper disc diffusion
method for the width of the inhibitory area (LDH). The positive antifungal control was nystatin, while
the antibacterial control was amoxicillin, and both negative controls were 1% dimethyl sulfoxide
(DMSO). The antifungal and antibacterial components were found to be 3% n-hexane extract from the
bark of C. burmanni, with an inhibitory area width (IAW) of 13.83 mm. The best antioxidant results
were the ethanol extract with a very active category ICsg of 8.533 ppm, 5.90%, and the highest ethanol
extract containing flavonoid test results.
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1. Introduction

Cinnamomum burmanni is one of the herbal plants in Indonesia that is cheap and easy
to obtain. Its bark and leaves contain secondary metabolites in the form of cinnamaldehyde
in the essential oil, saponins, and flavonoids, which have been widely used as a reliever
of flatulence, canker sores, and as a cooking spice [1,2]. These compounds also possess
the attributes of antioxidants. The bark of C. burmanii mixed with 50% ethanol extract
had antibacterial activity against ten types of bacteria. Furthermore, the bark extract of C.
burmanii contained cinnamaldehyde compounds that provided antibacterial effects [3,4].

This herbal plant and the essential oil produced from the bark of C. burmanii have good
antifungal activity against C. albicans and can kill microorganisms (antiseptic) [5]. Previous
research showed that the minimum inhibitory concentration (MIC) of n-hexane and ethyl
acetate of C. albicans was 2.5%, while that of the ethanol extract was 20%. Gupta et al. stated
that the secondary metabolites used as antimicrobial and antifungal against B. cereus, S.
aureus, E. coli, P. aeruginosa, C. albicans, S. mutans, and Klebsiella sp. are cinnamaldehyde and
cinnamic acid [6,7].
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Staphylococcus aureus is one of the pathogenic bacteria that cause bacteremia, endo-
carditis, osteomyelitis, and several skin diseases. S. aureus infection of the skin causes
ulcers, impetigo, cellulitis, and staphylococcal scalded skin syndrome [8]. S. aureus is one
of the bacteria that are resistant to drugs [9]. Likewise, the S. mutant can cause dental caries,
and a survey in America showed that almost 100% of children have this disease. According
to Dias et al. [2], mouthwash preparations containing C. burmanii oil can inhibit bacteria
with an area of inhibition of up to 13.80 mm. The previous study of ethanol extract of C.
burmanni stem bark at concentrations of 6.25, 12.5, and 25% showed antibacterial activity
in vitro and in mouthwash [10,11]. Similar results also reported that C. burmanni extract
could inhibit S. mutans and had better antibacterial activity than ginger extract against S.
mutans. Shan et al. [12] stated that C. burmanii bark oil showed better antibacterial activity
against gram-positive bacteria than gram-negative bacteria because it contains phenolic
compounds [10,13].

According to previous research, acute infections that attacked various body tissues,
such as the mouth, vagina, and nails, were caused by superficial or systemic C. albicans
infection in humans, with 75% and 35% caused by C. albicans and C. tropicalis, respectively.
Bacterial growth was inhibited using n-hexane extract with a concentration of 10% and a
width of 14.50 mm. In addition to the width of the inhibition area, the colonies of C. albicans
did not grow [14-16].

The method currently being developed is microwave-assisted extraction (MAE), which
is relatively new, with microwaves used to speed the extraction process by rapidly heating
the solvent [17,18]. Hu et al. stated that the antibacterial activity of MAE is better than the
maceration method [19,20]. In addition, the extraction process produces higher flavonoids
and phenols than a maceration. Zuofa et al. stated that the optimum results of the extraction
process with MAE were obtained at a 50% power ratio of 1:40 and an extraction time of
15 min, and the yield was 32.2% [21].

Flavonoids are aromatic compounds which have been obtained from 70% of ethyl
acetate and ethanol extract of the stem bark of C. burmanii. This method is used to determine
the concentration of AICl; with the quercetin standard [22,23]. Antioxidant activity can
be influenced by the content of active compounds contained in the extract, including
flavonoids. Furthermore, a polyphenol compound with antioxidant properties can donate
one electron to free radicals without damaging body cells.

Free radicals are chemical compounds with one or more unpaired electrons; hence,
they are highly reactive. The ethanol extract of C. burmanii stem bark extracted by the
maceration method has antioxidant activity with an ICsy of 10.398 ppm. The factors that
affect the antioxidant activity and flavonoid content are the extraction method and solvent
used. The factors that should be considered in the extraction process include the property
of the compound extracted from the type of solvent and the method utilized. The MAE
method has numerous advantages, namely faster extraction time, use of less solvent, and
relatively higher yield than conventional methods [24-28].

Microbial infection is a severe global problem, and its treatment poses a serious risk to
human life due to multi-drug resistance. Petrov warned that antibiotic resistance could kill
10 million people by 2050, so the discovery of new antibiotics is now needed to prevent
death due to multi-drug-resistant pathogens [29-31].

The ionization process that occurs in the microwave is more evenly distributed. There-
fore, it can break down plant cell walls. Previous research showed that the extraction of
pine bark with MAE is influenced by the type of solvent and the time during the extraction
process. This study used a temperature of +47 °C for 15 min with a maximum power of
300 watts [32,33]. Different solvents can also affect flavonoid levels in a sample. The red
galangal rhizome contained flavonoid content from an n-hexane and ethyl extract of 2.6%
and 18.5%. Clove leaf ethanol extract has a flavonoid content of 7.3% [34]. Based on the data
on the flavonoid content which is affected by the solvent, it is necessary to study the levels
of flavonoids and the antimicrobial activity of the extracts against S. mutant and S. aureus,
as well as C. albicans and C. tropicalis. Therefore, this study aims to obtain alternative herbal



Sustainability 2023, 15, 1696

30f15

medicines, such as antifungal, antibacterial, and antioxidant, to overcome the resistance of
several bacteria to antibiotics [35,36].

2. Materials and Methods
2.1. Plant Material, Chemicals, and Reagents

The material used was dry C. burmanii bark obtained from the Research Institute
for Spices and Medicinal Plants and determined at the Indonesian Institute of Sciences,
Botanical Gardens Plant Conservation Center, Bogor. Others include isolates of S. mutans,
S. aureus, C. albicans, and C. tropicalis fungi from the Microbiology Laboratory at Bogor
Agricultural University.

2.2. Chemicals and Reagents

The chemicals and reagents that were used are amoxicillin and nystatin as a positive
control for antibacterial and antifungal testing from the Kimia Farma brand. Furthermore,
dimethyl sulfoxide 1% was used as a negative control, in addition to hydrochloric acid,
96% ethanol, iron (III) chloride solution, magnesium powder, nutrient agar medium, potato
dextrose agar medium, Bouchardat reagent, Dragendorf, Mayer, from German Sigma. The
solvents include n-hexane, ethyl acetate, ethanol, methanol, DPPH powder, quercetin,
aluminum chloride, sodium acetate, and magnesium powder. The study was conducted in
several stages, the first by making Simplicia powder. The second by extracting with the
MAE method with three solvents, followed by the third stage, which qualitatively screens
the extracts to determine the content of alkaloids, flavonoids, tannins, saponins, steroids,
and terpenoids. The fourth stage is determining the extracted flavonoid content, while the
fifth step is testing the antioxidant activity using the DPPH method. The sixth stage is the
minimum inhibitory concentration (MIC) test, and the seventh is the inhibitory area width
(IAW) test.

2.3. The Tools

The tools that were used include microwave (Samsung® Company, Suwon, South
Korea), digital balance (Lab Pro® Company, Knoxville, TN, USA), analytical balance (A&D
Company, Tokyo, Japan), UV-Vis spectrophotometer (Jasco V-730® Company, Easton, MD,
United States), the crucible, thermometer, furnace (Daihan Scientific Furnace® Company,
Kangwon-do, South Korea), oven (Memmert® Company, Pune, India), Mesh 40, filter
paper, aluminum foil, and glassware (Pyrex® Company, Corning, NY, USA), autoclave
(All American® Company, Hillsville, VA, USA), Bunsen burners, steam plate, Petri dish
(Pyrex®), grinder (Airlux® Company, Taoyuan, Taiwan), incubator (Memmert®), paper
disc (Whatman number 40, Maidstone, UK) diameter 6 mm, micropipette (Proline plus®
Company, Dallas, TX, USA), oven (Memmert®), 40 mesh sieve, and furnace (Vulcan A-550%
Company, Washington, NY, USA).

2.4. Extracts Preparations

Firstly, cinnamon bark is cleaned and dried in an oven at 50 °C, ground, and sieved
using a 40-mesh sieve to obtain powdered Simplicia. The compound was character-
ized by measuring yield, moisture content, ash content, and organoleptic characteristics,
including color, aroma, and taste. The yield was calculated using Equation (1). The
gravimetric method conducted the water and ash contents, which were calculated using
Equations (2) and (3), respectively.

The weight of powder Simplicia obtained
The weight of cinnamon bark Simplicia

%Yield of Simplicia powder = x 100% (1)
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The calculation of the percentage of the water content of Cinnamon bark powder
Simplicia was performed using the following equation:

The weight before heating — The weight after heating

Y% Wat tent =
oVvater conten The weight be fore heating

x 100% (2)

The calculation of the percentage of ash content of Cinnamon bark powder was per-
formed using the following equation:

(The weight before glowing) — (Empty exchange rate)

%Ash content = Powder Simplicia weight

x 100%  (3)

2.5. Extracts Preparations Using MAE Method

The extraction process was conducted using the MAE method with three different
polar solvents, namely n-hexane (non-polar), ethyl acetate (semi-polar), and 96% ethanol
(polar). The extraction process was conducted in stages, and each extract was 180 g of
Simplicia, which was placed in a 3500 mL Erlenmeyer filled with 60 g of powder in 200 mL
of n-hexane solvent. The solution was extracted in a microwave for 15 min at a power of
300 watts and a temperature of +47 °C.

Radiation was alternately conducted in the microwave from 2 to 3 min to maintain
the temperature until a total of 15 min was obtained for one stage. Next, the filtrate was
separated from the residue and collected in one container. The residue was added again
with 200 mL of n-hexane solvent and re-extracted using the same temperature, power, and
time to obtain a solvent at a 1:10 ratio. Furthermore, the remaining powder was extracted
with n-hexane solvent using the same strategy. After extraction with n-hexane solvent, the
residue was dried in an oven at 50 °C and extracted using the same procedure for ethyl
acetate and 96% ethanol as solvent. The extracted filtrate from each solvent was separately
accommodated and then evaporated with vacuum drying at a temperature of 50 °C until it
became a thick extract. The overall extraction results produced three types of thick extracts,
namely n-hexane, ethyl acetate, and ethanol, with each calculated to determine the yield
using Equation (4).

extract weigh obtained

feExtract yield = weight of Simplicia cinnamon bark powder

x 100% @)

2.6. Extract Phytochemical Screening

The extract was tested for water and ash contents using the gravimetric method.
Phytochemical screening of extracts included the alkaloid, flavonoid, tannin, saponin,
steroid, and terpenoid tests qualitatively using the methods developed by Banu and
Cathrine and Pandhi et al. [37,38].

The alkaloids test was conducted by weighing 20 mg of the extract, adding 1 mL of
2 N hydrochloric acid and 9 mL of distilled water, heating over a water bath for 2 min,
cooling, and filtering. Three drops of the filtrate were taken and put on a watch glass, with
two drops of Bouchardat (potassium iodide) added to the reaction. The formation of a
brown-to-black precipitate indicated the presence of alkaloid compounds. Three drops of
the filtrate were put in a watch glass, adding two drops of Mayer’s reagent comprising
potassium mercury iodide. The formation of a white or yellow precipitate, which dissolves
in ethanol, indicates the presence of alkaloid compounds.

Additionally, three drops of the filtrate were taken with two drops of Dragendroff’s
reagent comprising potassium bismuth nitrate added to form a brown precipitate, in-
dicating the presence of alkaloid compounds. The flavonoid test was conducted by
evaporating the sample to dryness, adding 2-3 drops of ethanol, Mg powder, and a few
drops of 5 M hydrochloric acid. The formation of a red-to-purple color indicates the
presence of flavonoids.
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%Flavonoid levels =

% inhibition =

The tannin test was conducted with 500 mg of each sample dissolved in distilled water
with 1% gelatin in 10% sodium chloride. The formation of white color on the tube indicated
a positive result. As much as 0.5 g of each sample was dissolved in distilled water and then
added to the FeCls solution. The formation of a blue-black or green-brown color indicated
a positive result.

The saponin test was conducted by weighing a sample of 500 mg in a test tube, adding
10 mL of hot water, cooling it, and then shaking it for 10 s. The presence of saponins was
indicated by the formation of foam for not less than 10 min and as high as 1-10 cm after
one drop of 2 N HCL was added.

Steroid and terpenoid tests were conducted by weighing 50 mg of the sample dis-
solved in n-hexane. The formation of a red ring when 1 mL of CH3COOH and 0.5 mL of
concentrated H,SO4 were added, and the appearance of a green-to-blue color indicated the
presence of steroids.

2.7. Determination of Flavonoid Level

The flavonoid level was determined using the colorimetric method with aluminum
chloride (AICl3) as a reagent. The compound used as the standard was quercetin because it
is a flavonoid of the flavonol group, which has keto and hydroxyl groups on the C-4 and
neighboring C-3 or C-5 atoms, respectively. The test and series solutions of the C. burmanii
stem bark extract and quercetin were measured to determine the absorption, optimum
wavelength, and time obtained on a spectrophotometer. The resulting absorbance was
entered into the regression equation of the quercetin standard curve. Equation (5) was used
to calculate the levels of flavonoids as follows:

C(ppm) x volume (mL) x fp x 107°
weight of simplicia — (weight of Simplicia x water content of extract)

x 100% (5)

Determination of the flavonoid content was conducted by weighing 50 mg of ethanol
dissolved in a 50 mL volumetric flask and shaking until a homogenous solution was
obtained. Approximately 10 mL of the extracted solution was added to 15 mL of ethanol
using a pipette. Then, 1 mL of 10% AICl3, 1 mL of sodium acetate, and distilled water
were added and homogenized. The solution was cooled to room temperature to de-
termine the optimum time and measure the maximum wavelength absorption using a
UV-Vis spectrophotometer [39]. The resulting absorbance was then entered into the lin-
ear regression equation from the standard quercetin curve, and then the total flavonoid
content was calculated.

2.8. Antioxidant Test

The antioxidant test was conducted to measure the free radical scavenging by the
compound being tested using the DPPH method. Antioxidant activity occurs by DPPH
reacting with antioxidant hydrogen atoms; therefore, the compound changes color from
purple to yellow [40]. The percentage value of the cinnamon bark extract test solution
series and the vitamin C and blank comparison solution were measured to determine
the optimum wavelength and time obtained on a spectrophotometer. The percentage
inhibition value was calculated using the inhibition concentration (IC) value of 50%, which
was the sample concentration capable of reducing its radicals by 50%. The percentage of
inhibition was plotted in a graph, and from the graph obtained, the equation of the linear
regression line Y = bx + a, where y = 50 and x shows ICs( [41]. The ICsq value is calculated
by Equation (6) as follows:

(blank absorbance (DPPH)) — (absorbance of extract sample or vitamin c)

x 100 (6)
(blank absorbance (DPPH)
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2.9. Antimicrobial Test
2.9.1. Antibacterial and Antifungal Test Preparation

The tools used were glasses, paper discs, ose, volume pipettes, and tweezers which
were sterilized first by autoclaving at 121 °C for 15 min. Glass utensils were put in the
oven until they were ready to use. The bacteria used in this study were S. mutants, S.
aureus, and the fungi C. albicans and C. tropicalis. The bacteria and fungi were rejuvenated
using nutrient agar (NA) media and potato dextrose agar (PDA). The nutrient agar (NA)
as much as 23 g was weighed to make the media, then dissolved in 1 L of distilled
water, and heated while stirring with a magnetic stirrer until it boiled and became
homogeneous. Furthermore, 9.75 g of potato dextrose agar (PDA) was weighed and
dissolved in 250 mL of distilled water, then heated and stirred with a magnetic stirrer
until it boiled and became homogenous. Both compounds were then sterilized using
an autoclave at 121 °C for 15 min at 1.5 atm pressure. The media were heated, poured
into a 20 mL Petri dish, closed tightly, and stored. Bacterial and fungal cultures were
rejuvenated by scratching a needle containing the culture on the agar surface, then they
were incubated at 37 °C for 24 h. Bacterial and fungal suspensions were prepared using
cultures 24 h old, which were then suspended in 5 mL of sterile physiological NaCl
solution with the turbidity measured using a standard 0.5 Mc Farland [42-44].

2.9.2. Test Solution and Disc Paper Preparation

The preparation of test solutions from each extract for bacteria and fungi was
performed by making a stock solution of C. burmanii extract in 1% DMSO. Concentration
series of 0.5, 1, 2.5, and 5% were used to test the minimum inhibitory concentration (MIC)
of the stock solution. A series of concentrations of 5, 10, and 20% was used to test the
width of the inhibitory zone (IAW) according to the results of the minimum inhibitory
concentration (MIC) in 1% DMSO. The positive control used for the antibacterial test
was amoxicillin with a concentration of 50 ppm, and the negative was 1% DMSO. The
positive control for the antifungal test was Nystatin with a concentration of 350 ppm,
and the negative was DMSO 1% [45]. Disc paper was made from Whatman filter paper
with a 6 mm diameter and sterilized. Furthermore, sterile disc paper was soaked in the
active ingredients for 30 min to determine the positive and negative control. Then it is
dried in an oven for 24 h at a temperature of 40-50 °C.

2.9.3. Determination of Minimum Inhibitory Concentration

Sterile BHI (brain heart infusion) media were inserted into a 20 mL Petri dish at 45 °C
to test the minimum inhibitory concentration (MIC) for bacteria using the agar dilution
method. In addition, 1 mL of n-hexane extract with concentrations of 0.25, 0.5, 1, and 2%,
and 1, 2, 4, and 8% was separately added to the Petri dishes, followed by ethyl acetate
extract and 20, 30, 40, and 50% ethanol extract. After that, 0.2 mL of bacterial culture was
added, homogenized, and solidified. The solution was incubated for 24 h at a temperature
of 20-25 °C to determine the smallest concentration not overgrown with bacteria, known
as the minimum inhibitory concentration (MIC). The test was conducted on 3 extracts,
namely n-hexane, ethyl acetate, and 96% ethanol. The same method was used to test fungi’s
minimum inhibitory concentration (MIC), using PDA (potato dextrose agar) media and
inoculated with fungal cultures.

2.9.4. Resistance Width Test

The inhibitory area width (IAW) was tested using the disc paper diffusion method.
IAW testing for S. mutans and S. aureus used nutrient agar (NA) media and C. albicans and
C. tropicalis used sterile PDA (potato dextrose agar). Furthermore, a suspension of bacteria
and fungi was added to 0.2 mL of each Petri dish according to the test microbe. The solution
was homogenized circularly with the paper disc containing the extract placed on the media
surface using sterile tweezers at a distance of 20 mm from the edge of the Petri dish. It was
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further incubated at 37 °C for 24 h. The IAW test was conducted for 3 different types of
extracts, namely n-hexane, ethyl acetate, and 96% ethanol extract, using the same method.

After 24 h, the clear zone formed on the Petri dish was measured using a caliper with
an accuracy of 0.05 mm to determine the clear zone of the disc, along with the positive and
negative controls. The IAW was determined by measuring the diameter of the clear zone
formed and subtracting it from the diameter of the paper disc (6 mm) before dividing it
by 2. The IAW for fungi was tested using PDA (potato dextrose agar) solid media with
fungal microbial cultures [46].

3. Results and Discussion
3.1. Powder and Extract Manufacturing

The powder simplification and extraction process using the MAE method with three
different solvents obtained three different filtrates, with each dried in a vacuum to produce
a thick extract. The three extracts’ organoleptic tests were dark brown, with a strong
cinnamon aroma with a slightly spicy, sweet taste, and the n-hexane extract looked a bit
oily and watery compared with the other two extracts, as shown in Figure 1. The yield of
cinnamon bark extract from each solvent is presented in Table 1.

Table 1. Yield results of cinnamon bark extract with different solvents.

Solvent Water Content (%) Ash Level (%) Yield (%)
Simplicia 6.10 5.30 89.93
n-Hexane 6.03 1.64 0.92
Ethyl Acetate 6.54 1.89 4.60
Ethanol 96% 7.04 2.51 19.30

The yield results indicate that the solvent’s polarity affects the yield obtained. Ethanol
extract obtained the largest yield compared with extracts from ethyl acetate and n-hexane
solvents. This is because ethanol has a stronger polar group than non-polar groups and
from its chemical structure, which comprises hydroxyl (polar) and carbon (non-polar).
Polar solvents have a greater ability to extract organic compounds, such as essential oils;
therefore, the extract looks oily. The description of Simplicia powder and the extract is
shown in Figure 1.

B %
e~ i~
(B) © (D)

Figure 1. Simplicia and the MAE of cinnamon bark; Simplicia (A), ethanol extract (B), ethyl acetate
extract (C), n-hexane extract (D).

3.2. The Results of Phytochemical and Flavonoid Determination

Phytochemical identification was conducted by qualitative analysis to determine the
content of secondary metabolites contained in samples of cinnamon bark, Simplicia powder,
n-hexane extract, ethyl acetate, and 96% ethanol. The results of the phytochemical test of
cinnamon bark are shown in Table 2.
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Table 2. Results of phytochemical identification of C. burmanii stem bark.

Extract
Active Compound Simplicity
n-Hexane Ethyl Acetate Ethanol 96%
Alkaloids + — + +
Tannins + + + +
Flavonoids + — + +
Saponins + - - +
Steroids — — — —
Terpenoids + + + —
Description: there is sediment; + = yes; — = none.

The results of the flavonoid determination levels obtained a maximum wavelength
of quercetin 432.5 nm with an incubation time of 25 min. This means that at 25 min, the
optimum incubation time for the compound to react with the maximum and the most
stable absorbance value was determined. Flavonoid levels were tested on n-hexane, ethyl
acetate, and ethanol extracts with an optimum incubation time of 25 min in a dark room.
The measurements were conducted using UV-Vis spectrophotometry at a wavelength of
432.5 nm. The results obtained were calculated by dilution factor and percent of moisture
content, as shown in Table 3.

Table 3. Test results of flavonoid levels extract C. burmanii.

Sample Flavonoid Content (%) £ SD
Extract n-Hexane 3.03 £+ 0.06
Ethyl acetate extract 5.08 £ 0.06
96% ethanol extract 5.90 + 0.02

Flavonoids are polyphenolic compounds with antioxidant properties. Therefore, the
higher their content, the greater the IC5y value in the sample. According to the test results,
the highest and lowest levels, 5.90% and 3.033%, were found in the ethanol and n-hexane
extracts, respectively. This is because polar flavonoid compounds are more easily attracted
to polar solvents, such as ethanol. According to Abreu, excessive solvents can cause
thermal stress during the extraction process. The exposed microwaves will be concentrated
in the solvent with a decrease in the effectiveness of microwaves in breaking down cells,
thereby leading to lower levels of n-hexane flavonoid extracts than ethyl acetate and ethanol
extracts [47].

3.3. Antioxidant Test Result

The antioxidant test results showed that the highest absorbance value is at a wave-
length of 514.5 nm with an optimum incubation time of 30 min. The antioxidant activity
was measured with vitamin C used as a standard. It is one of the secondary antioxidants
capable of capturing free radicals and preventing chain reactions. In addition, vitamin
C has the working principle of reducing two free radicals from DPPH by releasing two
hydrogen atoms to form non-radical DPPH compounds.

Several concentrations were used to determine the standard curve of vitamin C and
its antioxidant activity. According to the linear regression results, Y = 4.8951x + 11.561,
standard vitamin C has an ICsp value of 7.85 ppm, meaning it has very active antioxi-
dant activity. The n-hexane extract antioxidant activity, ethyl acetate, and cinnamon bark
ethanol extract were tested using the DPPH method. Cinnamon bark extract was made in
a concentration series to obtain the absorbance value using UV-Vis spectrophotometry at
a wavelength of 514.5 nm to determine the percentage value of inhibition. Therefore, it
obtained the IC5( value of each test sample, as shown in Table 4.
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Table 4. Antioxidant test results on cinnamon bark extract.

Extract ICs5¢ £ SD Value Category
n-Hexane 163.20 £ 4.92 Less active
Ethyl acetate 14.40 £ 0.01 Very active
Ethanol 96% 8.53 £ 0.17 Very active

According to the test results, the ethanol extract has an antioxidant activity of 7.85 ppm,
which is similar to standard vitamin C. This means that the ethanol extract of cinnamon
bark has very active antioxidant activity. Molyneux [41] stated that a compound has very
active antioxidant activity assuming the ICsy value is less than 50 ppm. The antioxidant
activity test results are also similar to the study conducted by Dewi on P. ostreatus extract
using the microwave-assisted extraction method with an ICsj value of 14.66 ppm [48].

The ICs( value analysis showed that the ethanolic extract of cinnamon bark had more
active antioxidant activity than the ethyl acetate and n-hexane extracts. This is due to differ-
ences in the levels of flavonoid compounds from each extracted sample using antioxidants;
therefore, it can be used to inhibit DPPH radicals and has a good effect on health. The
macerated extract of cinnamon bark has a different ICsy value, where the n-hexane, ethyl
acetate, and ethanol extracts are 313.628, 163.010, and 76.490 ppm. This is also influenced by
the flavonoid compounds in the bark of C. burmanii, which were not completely attracted
during the extraction process, thereby leading to fewer hydroxyl groups in the flavonoid
structure compared to Cinnamon bark extracted using microwave-assisted [3].

3.4. Antibacterial Test Result
3.4.1. Minimum Inhibitory Concentration (MIC) Test Results

Generally, the MIC test for bacteria and fungi n-hexane extract was better than ethyl
acetate and ethanol extracts. The MIC of S. mutans and S. aureus showed that the n-hexane
and ethyl acetate extracts had low values at concentrations of 0.5, 1.5, and 1% for S. mutans,
S. aureus, C. Albicans, and C. tropicalis. In the ethanol extract, up to a concentration of more
than 50%, bacteria and fungi were not found in MIC. This indicated that the colony could
still grow at a concentration of more than 50%. The difference in the MIC concentration of
each extract tended to occur because the solvent’s varying polarity determined the yield.
The MIC test results of Cinnamon bark extract against bacteria and fungi are shown in
Table 5.

Table 5. MIC test results of cinnamon bark extract against bacteria and fungi.

Extract Concentration (%)

Types of Microorganisms

n-Hexane Ethyl Acetate Ethanol
Streptococcus mutans 0.50 0.50 15.00
Staphylococcus aureus 1.50 1.50 3.00
Candida albicans 1.00 8.00 >50.00
Candida tropicalis 1.00 8.00 >50.00

The difference in solvent polarity can affect the concentration of the extracted
active compound and the MIC. The minimum inhibitory concentration can be used as a
reference in the IAW test. The smaller the concentration of extract obtained in the MIC
test, the better the antibacterial activity. The compounds with antifungal activity are
essential oils from the bark of C. burmanii against C. Albicans. Meanwhile, essential oils
that can be extracted by non-polar and semi-polar solvents, in this case, are n-hexane and
ethyl acetate. Similarly, the MIC of C. burmanii stem bark extracted using the multilevel
maceration method for the n-hexane and ethyl acetate extracts produced 2.5%, while for
the ethanol extract, 25% was obtained.
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3.4.2. Inhibitory Area Width (IAW) Test Results

The IAW test was conducted to determine the effect of the concentration of the extract
on the antibacterial power. This was conducted using the paper disc diffusion method
because it is more sensitive to antimicrobial compounds whose activity is unknown. Ac-
cording to Banjara et al., growth inhibition in this method was indicated by forming a
clear zone around the paper disc [49]. The antibacterial activity category was determined.
The diameter of the inhibition zone of 5, 5-10, 11-20, and 21 mm are categorized as weak,
moderate, strong, and very strong (Table 6).

Table 6. IAW test results cinnamon bark extract against S. mutans.

Extract Concentration (%) IAW (mm) Category
1 2.00° +0.00 Weak
2 3.00 € £ 0.00 Weak
n-Hexane 4 5.16 € 4+ 0.28 Medium
K+ 10.00 & £ 0.86 Medium
K- - Do not inhibit
1 2.00P +0.00 Weak
2 3.00 € £+ 0.00 Weak
Ethyl acetate 4 3.66 € +0.28 Weak
K+ 9.66 & £ 0.28 Medium
K- - Do not inhibit
15 3.00 € £+ 0.00 Weak
20 4,004 4 0.00 Weak
Ethanol 25 5.00 f + 0.00 Weak
K+ 9.66 & £ 0.28 Medium
K- - Do not inhibit

Description: In the same column, numbers followed by the same letter indicate the effect on IAW (p < 0.05).

The test results showed that the three extracts have antibacterial activity against S.
mutans and were categorized from weak to medium. The concentration of the extract had
a significant effect on IAW. The higher the n-hexane extract concentration, the wider the
IAW. Although IAW produced the widest concentration at 4%, this result was still in the
weak category and under positive control. Similarly, even though the ethyl acetate extract
produced the best extract concentration at 4% extract with 3.66 mm, it was in the weak
category. The lowest IAW test results were ethanol extract with a concentration of 15%
against S. mutans.

One of the non-polar n-hexane solvents that attracted compounds from the bark of C.
burmanii was cinnamaldehyde, which could inhibit energy metabolism in bacteria and has
been widely reported to have antibacterial properties. This was evidenced by the synthetic
inhibition of the cell wall of S. mutans bacteria and biosynthetic enzymes used for energy
formation [50].

In addition to cinnamaldehyde compounds, the bark of C. burmanii contains other
secondary metabolites, such as alkaloids, flavonoids, tannins, saponins, and terpenoids.
Flavonoids are polar compounds and belong to the phenol group that contains a hydroxyl
on a carbon ring and functions as an antimicrobial and antiviral [51]. Flavonoid compounds
can change the physical and chemical properties of cytoplasm-containing proteins and
denature bacterial cell walls by binding to proteins through hydrogen bonds. It also
interferes with membrane permeability function, active transport function, and control of
protein composition.

Terpenoids have the same polarity as the phenol group and bind to fats and carbo-
hydrates, causing the permeability of bacterial cell membranes to be disturbed. Tannins
are complex organic compounds acting as antimicrobials, reacting with cell membranes,
inactivating enzymes, destroying bacteria, and functioning as bacterial genetic material.
The alkaloids have a mechanism of action by influencing the osmotic pressure between
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bacteria and their environment [52]. Polyphenols are phenol group compounds that play a
role in damaging the cytoplasmic membrane of bacteria. Therefore, it causes instability in
the controlling protein composition function of bacterial cells.

The IAW test on S. aureus and S. mutants showed that the extract concentration had
a significant effect. All the extracts tested showed antibacterial properties from weak
to moderate, and the higher its concentration, the greater the IAW S. aureus. Duncan’s
test showed that the extract concentration produced the highest IAW at a concentration
of 6% with a strong category and quantitatively exceeded the control. The mouthwash
preparations containing C. burmanii oil can inhibit bacteria with an IAW of up to 13.80 mm.
In contrast to the n-hexane extract, the ethyl acetate extract significantly affected IAW until
the category was under positive control, while the ethanol extract was in the weak category.
The results of IAW testing in cinnamon bark extract against S. aureus bacteria are shown in
Table 7.

Table 7. IAW test results of cinnamon bark extract against S. aureus.

Extract Concentration TAW (mm) Category
15 1.83° +0.28 Weak
3 8.17°+0.28 Medium
n-hexane 6 11.339 +0.28 Strong
K+ 10.50 4 + 0.86 Strong
K— 0.002 -
15 3.33b +£0.28 Weak
3 5.83 ¢+ 0.28 Medium
Ethyl acetate 6 7179 +0.28 Medium
K+ 9.67 ¢ 4+ 0.28 Medium
K— 0.002 -
3 1.00 ® £ 0.00 Weak
6 1.83° 4+ 0.94 Weak
Ethanol 12 3.339 £ 0.00 Weak
K+ 9.50 € + 0.00 Medium
K— 0.002 -

Description: In the same column, numbers followed by the same letter indicate the effect on IAW (p < 0.05).

Antibacterial activity is influenced by the extracted polarity compound of the solvent,
and each compound can have a different effect in inhibiting bacterial growth [53]. The
effective concentration ion intense antibacterial activity is in the inhibition zone. Therefore,
the 6% concentration of n-hexane extract of C. burmanii stem bark effectively inhibits the
growth of S. aureus. The antibacterial activity of the n-hexane extract was more significant
than the ethyl acetate and 96% ethanol extracts because it contained many essential oils,
such as cinnamaldehyde, which are effective antibacterial and antifungal.

Pracheeta et al. stated that flavonoids inhibit bacterial growth by damaging cell
walls and cytoplasmic membranes. The ability of saponins to act as an antibacterial
compound is because they cause leakage of proteins and enzymes from within the cell [54].
Similarly, Wiyanto [55] stated that steroids could inhibit microbes by damaging the plasma
membrane and causing the release of the cytoplasm due to leakage, leading to cell death [55].
According to Rahmawati et al. [56], antibacterial compounds containing terpenoids damage
the cell wall structure and interfere with the work of active transport as well as the strength
of protons in the bacterial cytoplasmic membrane.

In a study of active antifungal compounds conducted to determine the category of
antifungal activity by Davis and Stout, IAW is in the weak, medium, and strong categories
when it is <5, 5-10, and 10-20 mm, respectively. The results of the variance analysis showed
that the concentration of n-hexane extract had a very significant effect on the IAW of C.
albicans. The higher the extract concentration, the greater the IAW. Hence the n-hexane
extract with concentrations of 2% and 3% has an average inhibition area of 11.33 mm and
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13.83 mm in the strong category and higher than the positive control. The ethyl acetate
extract also showed that the concentration had a very significant effect on IAW C. albicans.
The 32% ethyl acetate extract indicates significantly inhibited bacterial growth with an IAW
of 13.67 mm above the positive control.

Meanwhile, the ethanol extracts up to a concentration of 70% did not form an
inhibition zone; therefore, increasing the test concentration will not affect its utilization.
This extraction process did not have antifungal activity against C. albicans. The extraction
using a multilevel maceration method obtained n-hexane extract concentrations of 2.5%
and 5%, which are included in the weak category (<5 mm) and 10% in the strong category
(020 mm). Ethyl acetate extract at a concentration of 10% (5-10 mm) and 96% ethanol
extract (<5 mm) were included in the medium and weak categories.

The variance analysis results showed that the concentration of n-hexane extract had a
very significant effect on IAW C. tropicalis, with 3% having an average inhibition area of
10 mm and in the strong category with a positive control value of 4.83 mm. In addition,
the extract ethyl acetate results in variance analysis showed that the concentration also
had a very significant effect on IAW C. tropicalis at a concentration of 32% in an IAW of
7 mm with a positive control value of 4.83 mm. IAW test results for ethanol extract up to a
concentration of 70% were not produced. The average value of the IAW test results for C.
burmanii bark extract against C. albicans and C. tropicalis is shown in Table 8.

Table 8. IAW test results (mm) bark extract of C. burmanii against C. albicans and C. tropicalis.

Extract Concentration (%) IAW Albicans Category AIW Tropicalis Category
1 4?24 0.00 Weak 0.50 2 4+ 0.00 Weak
2 11.33° 4+ 0.29 Strong 8.00° 4 0.00 Medium
n-Hexane 3 13.83 ¢ £ 0.58 Strong 10.00 € £ 0.50 Strong
K+ 48394029 Weak 4.834+£0.29 Lemah
K- [ Do not Inhibit 0e Do not inhibit
8 1.002 £+ 0.00 Weak 1.00 @ £+ 0.00 Weak
16 3.00° +0.00 Weak 2.00® +0.00 Weak
Ethyl 32 13.67 ¢ £ 0.76 Strong 7.00 € £ 0.50 Medium
acetate
K+ 5.00 4 £ 0.00 Weak 5.004 £ 0.00 Medium
K- 0.00 ¢ Do not Inhibit 0.00 ¢ Do not inhibit
40 0.00 - 0.00 -
60 0.00 - 0.00 -
Ethanol 70 0.00 - 0.00 -
K+ 4.50 £ 0.00 Weak 4.50 £ 0.00 Weak
K- 0.00 Do not Inhibit 0.00 Do not inhibit

Numbers followed by the same letter in the column showed no significant difference according to Duncan’s
further test with « = 0.05.

The positive control treatment using nystatin 350 ppm had an average inhibition area
of 4.83 mm and was included in the weak category. Nystatin is an antifungal recommended
for patients infected with the fungi Candida sp. Meanwhile, the negative control treatment
was 1% DMSO due to the use of DMSO as the extracting solvent without antifungal activity.
It was also used to dissolve the extract in polar or non-polar compounds and has no
antifungal activity.

Essential oil compounds can inhibit fungal growth; therefore, the antifungal effect is
the presence of phenolic groups in essential oils to form complexes with proteins in cell
membranes, thereby leading to clumping. This process undergoes denaturation, which
can reduce cell membrane permeability and interfere with the transport of nutrients into
cells while inhibiting fungi growth. In addition to essential oils, tannin compounds can
also inhibit fungi growth because they prevent the synthesis of chitin, which is used to
form cell walls in fungi and damage cell membranes [57]. The mechanism of tannin action
compounds in inhibiting fungi growth prevents the biosynthesis of ergosterol, the main
sterol constituent of fungi cell membranes. Sterols are structural and regulatory components
found in eukaryotic cell membranes and the final product of sterol biosynthesis in fungi
cells. It is similar to cholesterol in mammals, which plays a role in the permeability of
fungal cell membranes [58].
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4. Conclusions

In conclusion, the use of the microwave-assisted extraction (MAE) extract of the stem
bark of C. burmanii with n-hexane as solvent is very effective in inhibiting the growth
of S. mutans, S. aureus, and C. albicans, as well as C. tropicalis fungi. On average, the
positive control potential for inhibitory area width (IAW) was developed into antibacterial
and antifungal herbal medicines. The n-hexane extract as antifungal C. albicans with a
concentration of 3% produced the best inhibitory area width (IAW) result of 13.67 mm.
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