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This research is prompted by the emergence of various cases of infectious diseases and
antibiotic resistance that often occur and the development of the latest research methods in the
field of medicinal plants. One of the medicinal plants that is often used is Curcuma zedoaria
which is generally extracted using conventional solvents. This research aims to find new
innovations in the extraction process of medicinal plants. This research is a laboratory
experiment carried out in vitro. This research uses the latest solvent, called DES (Deep Eutectic
Solvent) with the help of ultrasonication to extract active compounds from C. zedoaria as a
natural anti-bacterial. DES is known as an environmentally friendly solvent, cheap, easy to
make, and is still relatively new in Indonesia. The C. zedoaria extraction process uses two types
of DES solvent composition assisted by a ultrasonicator. The research results show that: White
turmeric extract (C. zedoaria) obtained by extraction using DES solvent and ultrasonication.
Ultrasonication results using 30%, 70% and 100% DES solvent showed antimicrobial properties

against Escherichia coli with a lower zone of inhibition compared to the antibiotic ciprofloxacin.
Ultrasonication results using 30%, 70% and 100% DES solvent showed antimicrobial properties
against Staphylococcus aureus with a lower zone of inhibition compared to ciprofloxacin. TLC data
shows that the white turmeric extract obtanined contains various antimicrobial substances
which allows to inhibit each other to such an extent that their activity is lower than
ciprofloxacin.
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Introduction

Indonesia is a tropical country which is abundant in various types of traditional medicinal plants that have
been used for centuries for generations. Information for the use of traditional medicinal plants is generally
passed down orally from generations to generations and the use and research of medicinal plants is currently
increasing rapidly along with the emergence of various cases of infectious diseases and frequent antibiotic
resistance. One of them is the use of white turmeric as a traditional archipelago plant which is often used by
the community empirically (Pacheco-Ferndndez and Pino, 2019; Subositi and Wahyono, 2019).

White turmeric (Curcuma zedoaria) is one of the plants used in traditional medicine. This plant grows well
in Indonesia, China, Thailand, Vietham, and Japan. C. zedoaria contains curcumin which has antioxidant, anti-
inflammatory, antimicrobial and anticancer properties. In addition, white turmeric has the effect of being a
hepatoprotector, neuroprotector, preventing atherosclerosis, and can improve digestive and menstrual disorders.
(Teow et al., 2016; Subositi and Wahyono, 2019; Adamczak et al., 2020; Indriani et al., 2020; Kim et al., 2021).

Although research on medicinal plants is increasing, most of the experimental research still uses solvent
conventions that are less environmentally friendly and have a high toxic effect. This is what drives the
emergence of various studies in search of the latest innovations in creating methods and alternative solvents
that are environmentally friendly, have low toxicity, non-toxic, effective, inexpensive, easy to use, and can
produce optimal results. One of the newest alternative solvents that has begun to be used is the Deep Eutectic
Solvent (DES) which is currently predicted to be an alternative solvent that can replace conventional solvents in
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the future. DES is a mixture of an acid and a base or two (or more) solids formed by hydrogen bonds and has a
lower melting point which each component has separately. DES also has a low vapor pressure and a high
boiling point. This research also focuses on the extraction of phytochemicals and the use of sonication to assist
the extraction process. The sonication-assisted DES extraction method is considered having the benefit of
producing optimal extraction and stronger antibacterial activity (Bakirtzi et al., 2016; Zainal-Abidin et al., 2017;
Kunarto et al., 2019).

Method

Samples, Chemicals, and Materials

This research is a laboratory experiment conducting antibacterial activity tests in vitro. The sample used was
white turmeric (Curcuma zedoaria) imported from Java, Indonesia. Samples obtained fresh with a sample weight
of 5 kg. The white turmeric rhizome is then washed, cut into small pieces, dried for 5 days, and then blended to
produce rhizome powder. The rhizome powder was then sieved through a 80 mesh sieve. Afterwards, 700
grams of sample was stored to be processed for the next stage. The chemicals needed include lactic acid solvent,
ethylene glycol, glycine, citric acid, aquadest, Nutrient Agar (NA) medium, curcumin standard (Merck). The
test bacteria used were Staphylococcus aureus and Escherichia coli.

The equipment used in this study including beaker glass, measuring cups, basins, scales, gram scales, filter
paper, funnels, blenders, hot plate stirrers, handscoens, rotary evaporators (Heidolph), glass bottles, petri dishes,
circular needle, circulating water bath, incubator, test tube, autoclave, aluminum foil, sieve, sterile gauze/ cotton
swab, label stick, tongs, stir bar, storage vessel, amber glass extractor, freezer, volume pipette, GCMS devices,
ultrasonicator (OmniSonic Ruptor #400), FTIr, vacuum pumps (Krisbow vacuum pumps), column
chromatography equipment, thin layer chromatography equipment (Supelco TLC Silica gel 60 Fys.).

Sample Separation

The process of separating samples to see the content of curcuminoid compounds or the number of other
antibacterial compounds contained in the sample. The separation process was carried out via column
chromatography using silica gel and chloroform:dichloromethane as eluent in a ratio of 2:3. Thin layer
chromatography profile of the extract using chloroform:dichloromethane as eluent with a ratio of 32.5:67.5 v/v
(Endarini, 2016; Julianto, 2019; Kautsari et al., 2020).

Deep Eutetic Solvent Preparation

Deep eutectic solvents (DES) are solvents consisting of two or three solvent components mixed in the right ratio
to reach the eutectic point. In this research, researchers used two types of DES, each of them has different
components and solvent ratios. The first DES component (called DES-1) consists of lactic acid and glycine with
each molar ratio of 3:1, while the second DES component (called DES 2) consists of a mixture of citric acid and
ethylene glycol with each molar ratio of 1:4. The two components of DES and water had been added at a
predetermined molar ratio and mixed in a water bath at 90° Celsius. The mixture stirred until it forms a clear
liquid (30-90 minutes). Previous research conducted by Bakirtzi et al. (2016) on medicinal plants native to
Greece proved that a mixture of lactic acid, glycine and water showed high extraction efficiency (Bakirtzi et al.,
2016, Zainal-Abidin et al., 2017; Qin et al., 2020, Rachmaniah et al., 2020; Kurtulbas et al., 2020).

White turmeric samples were then weighed and mixed based on the optimum time and composition in
accordance with optimization studies in research. Extraction step using DES solution from white turmeric
(Curcuma zedoavia) (Candani et al., 2018; Rachmaniah et al., 2020). After the extraction preparation process was
complete, the two DES fractions were collected and sonicated using an ultrasonic machine (Omni Sonic Ruptor
400 Ultrasonic Homogenizer) for 15 minutes.

Antibacterial Test

This study used the disc diffusion method to test the effectiveness of white turmeric antibacterial compounds
from DES extract. The agar medium used was Nutrient Agar (NA) media. E. coli and S. aureus bacteria were then
inoculated on agar media using the swap technique. Curcuma zedoaria extract at concentration of 30%, 70%,
100% was tested for its ability to inhibit the growth of each bacteria. The larger the diameter of the inhibition
zone, the stronger the antibacterial effect is going to be. There are five groups in this experiment. The first
group is a negative control containing aquadest; the second group which is a positive control and contains
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ciprofloxacin. The third, fourth, and fifth groups containing Curcuma zedoaria extract with respective
concentrations of 30%, 70%, and 100%. The diameter of the inhibition zone was measured, then compared with
the inhibition zone standard to determine the level of antimicrobial strength according to Greenwood
(Indriani et al., 2020; Tjiptoningsih, 2021).

Results and Discussion

The Results of Sonication and Extraction of Curcuma zedoaria Using DES Solvent
The white turmeric is thinly sliced and then left for 5 days at room temperature to be completely dried. During
drying processing, avoid exposure to sunlight so that the antimicrobial substances contained in it a will not be
damaged, and the results can be seen in Fig.-la. The dried turmeric were ground to 80 mesh size using a
Retsch Testsieve sieve. From 7 kg of white turmeric, 600 g of rhizome flour is obtained as shown in Fig.-1b.
DES1 has been obtained by mixing lactic acid with glycine and DES2 by mixing citric acid with ethylene
glycol. The mixture had been diluted with added the water. The molar ratio of the DES mixture containing
lactic acid, glycine and water is 3:1:3 respectively. The molar ratio of the DES mixture containing citric acid and
ethylene glycol is 1:4. The water had added at a ratio of 20% v/v of the mixture. The two components of DES
and water had been added at a predetermined molar ratio and mixed in a water bath at 90° Celsius as shown in
Fig.-1c. White turmeric extract was prepared by dissolving turmeric powder into a DES plate then sonicated
using ultrasonic machine (Omni Sonic Ruptor 400 Ultrasonic Homogenizer) for 15 minutes as shown in Fig.-1d.

Fig.-1. Sample preparation with hot plate stirrer and ultrasonication exctract. a: The turmeric sample has been cut into
small pieces and is in the process of being dried; b: Turmeric sample after blending and sifting; ¢: Preparation of
DES samples according to composition with a hot plate stirrer; d: Ultrasonication uses an ultrasonic device.

The Result of Antibacterial Test from white Turmeric DES Solvens and Ultrasonication Extract

To determine the inhibition of white turmeric rhizome extract (C. zedoaria) with concentrations of 30%, 70%,
and 100% against S. aureus (gram-positive bacteria) and E. coli (gram-negative bacteria) (Table 1). Inhibitory
power was indicated by the growth of S. aureus and E. coli bacteria around the disc which was in the form of a
bright zone. Furthermore, the bright zone will be measured with a digital vernier caliper in millimeter units.
Based on the table of standard categories of antibacterial power proposed by David and Stout, the level of
antibacterial inhibition by substances contained in white turmeric extract can be seen in Table 2.

Table 1. Diameter of inhibition zone by DES extract of C. zedoaria

Group Diameter of Inhibition Zone (mm)

Ciprofloxacin  Concentration (%)

30% 70% 100%
CA-EG on S. aureus 27.0 16.50 17.50 19.5
CA-EG on E. coli 31.50 17.50 20.50 21.50
LA-G on S. aureus 26.50 17.50 20.50 22.50
LA-G on E. coli 31.0 17.50 18.50 22.50

Table 2. Level category of antimicrobe on turmeric extract based on their inhibition zone diameter

Group The category of inhibition zone diameter (according to David and Stout)
Ciprofloxacin Concentration (%)
30% 70% 100%
CA-EG on S. aureus Very Severe Severe Severe Severe
CA-EG on E. coli Very Severe Severe Very Severe Very Severe
LA-G on S. aureus Very Severe Severe Severe Very Severe
LA-G on E. coli Very Severe Severe Very Severe Very Severe
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The Table 1 and Table 2, shows that of the 4 test treatments there were 12 samples of C. zedoavia 30%, 70%,
and 100% and 1 sample of ciprofloxacin which had a bacterial growth inhibitory response. Based on the
explanation above, it can be concluded that the extracts of C. zedoaria and ciprofloxacin both have inhibitory
power against the growth of S. aureus and E. coli with severe and very severe level category. The inhibition zone of
DES 1 (CA-EG) and DES 2 (LA-G) extracts against Staphylococcus aureus at various concentrations can be seen
in Fig.-2.

Fig.-2. The inhibition zone extracts DES 1 (CA-EG) and DES 2 (LA-G) respectively with a concentration of 30% (a), 70% (b)
and 100% (c¢) containing positive control (+), specifically Ciprofloxacin and negative control (-) specifically aquadest
against S. aureus.

Generaly, the inhibition of antimicrobial substances present in white turmeric extract was still lower than
ciprofloxacin as a positive control. This is understandable because the antimicrobial substances are still mixed
which allows mutual inhibition to occur. Based on the results in Table 2, it can be seen that S aureus has the
inhibition of DES 1 extract (CA-EG) with concentrations of 30%, 70% and 100% which was in severe category and
ciprofloxacin was in the very severe category. Furthermore, for and DES 2 (LA-G) with a concentration of 30%,
70% is in the severe category while 100% is very severe like as ciprofloxacin. The inhibition zone of DES 1 (CA-
EG) and DES 2 (LA-G) extracts against E. coli at various concentrations can be seen in Fig-3.

Table 2 also shown that E. coli has the inhibition of both DES 1 extract (CA-EG) and Des2 (LA-G) with
concentrations of 30% in severe category but on 70% and 100% shown in very severe like as ciprofloxacin. From
the results obtained it can also be seen that the antimicrobial activity of white turmeric extract is stronger
against E. coli than S. aureus.

Fig.-3. The inhibition zone extracts DES 1 (CA-EG) and DES 2 (LA-G) respectively with a concentration of 30% (c), 70% (d)
and 100 % (e) containing positive control (+), specifically ciprofloxacin and negative control (-) specifically aquadest
against E. coli

Previous research conducted by Busman et al. (2019) on the antibacterial activity of C. zedoaria rhizomes
against S. aureus bacteria using DMSO solvent showed that C. zedoaria rhizomes had the strongest antibacterial
activity against S. aureus bacteria at concentrations of 60% (15.85mm) and 80% (22.20 mm) with respective
categories of strong and very strong inhibitory power. Meanwhile, in the research conducted by the author, it
was found that the strongest inhibitory power of DES 1 extract was at a concentration of 70% (20.5mm) and
100% (22.5mm) with a very strong inhibitory power category. In the DES 2 extract, the strongest inhibitory
power was also found at concentrations of 70% (17.5mm) and 100% (19.5mm). This is also supported by Gharge
et al. (2021) who shows that white turmeric extract has inhibitory power against bacteria.

Research conducted by Das and Rahman (2012) showed that methanol extract of C. zedoaria rhizomes had an
inhibitory power against S. aureus of 13 mm and an inhibitory power against Eshericia coli of 11 mm (Silalahi,
2020). C. zedoaria rhizome pet ether extract also has an inhibitory power against S. aureus of 13 mm and an
inhibitory power against E. coli of 11 mm. Likewise, research conducted by Pangestika et al. (2020) found that C.
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zedoaria methanol extract had an inhibitory power of 16 mm against S. aureus of 16 mm and against E. coli of 11
mm. These results indicate an increase in antibacterial inhibitory power against gram-positive bacteria (S.
aureus) and gram-negative bacteria (E. coli) using DES extract and assisted by ultrasonication.

The TLC data of Curcuma zedoaria DES Extroct

Separation using the column chromatography method is to determine the composition of the compounds
contained in the sample. The eluent used for column chromatography was a mixture of chloroform and
dichlormethane with a ratio of 2:3 to modify polarity. The column was filled with 50 grams of silica, then filled
with 5 ml of turmeric sample and then elution was carried out continuously until 4 fractions were obtained
from DES-1 and 2 fractions from DES-2.

Furthermore, TLC was carried out to see the diversity of chemical substances in white turmeric extract
resulting from column chromatography. Approximately 10 L of the extract was spotted on the TLC plate which
had been marked in the form of a line with a length of 5 mm. The TLC plate was inserted into the chamber
which had previously been saturated with the mobile phase and then each eluent was allowed to move from the
line that had been made. The results of identification through the TLC plate found that in DES 1 there were 2-3
stains and in DES 2 there were 3 spots, which indicated that there were still around 2-3 metabolites in the
sample by thin layer chromatography as shown in Fig.-4.

a b
Fig.-4. The TLC data of DES1 and DES-2 C. zedoaria extract. a: TLC data of DES-1; and b: TLC data of DES2

The results of separation using TLC showed that there were several metabolite compounds contained in the
sample which made it possible for there to be antibacterial compounds contained in the sample. Research
conducted by Dosoky and Setzer (2018) also shows that there are quite a lot of metabolite compounds contained
in C. zedoovia.

Conclusion

The white turmeric extract (C. zedoaria) has been obtained by extraction using DES solvent and ultrasonication.
Ultrasonication results using DES solvent 30%, 70% and 100% respectively showed antibacterial properties for E.
coli with a lower inhibition zone compare than Ciprofloxacin. Ultrasonication results using DES solvent 30%,
70% and 100% respectively showed antbacterial properties for S. aureus with lower inhibition zones compared
than ciprofloxacin. From the TLC data, it was shown that the white turmeric extract obtained contains various
antibacterial substances that allowed to inhibit each other to such an extent that their activity was lower than
that of ciprofloxacin.
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