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Introduction

The skin is an organ that is always in contact with the

external environment and plays an important role in

protecting the human body from the outside. However,

various skin diseases are occurring due to external

factors such as urbanization and increases in environ-

mental pollution and indirect effects such as psychological

and emotional stress. Skin diseases are not easily cured

because many people tend not to regard skin diseases as

diseases despite that skin diseases require treatment

based on an accurate judgment by an expert since there

are differences in the site of onset, shape, and color from

person to person [1]. Antioxidants, which are mainly

present in natural plants as substances for improving

skin diseases, prevent and delay skin diseases by reduc-

ing the reactivity of active oxygen in the body [2, 3].

As microorganisms that cause skin diseases,

Staphylococcus aureus and Propionibacterium acnes

have been reported [4]. S. aureus is a skin flora, and

there are reported cases indicating that atopy is induced

by a colony of S. aureus in more than 95% of the skins of

patients with atopic dermatitis [5]. P. acnes is known as

the bacteria that mainly cause acne, and is distributed
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in hair follicles and sebaceous glands. The lipolytic

enzyme of P. acnes decomposes sebum and produces

free fatty acids in the hair follicles thereby causing

inflammation in the cells around the pores [6]. In partic-

ular, acne is a chronic disease that is experienced by 85%

of adolescents and appears throughout the skin. Andro-

gen secretion is the main cause of adolescent acne as it is

known that acne is caused by the proliferation of skin

flora in cases where skin pores have been clogged

because hormones and external influences prevented

sebum from being discharged out of the follicular ducts

[7].

As such, abnormal proliferation of skin flora not only

can cause skin diseases but also can cause damage to

cells or barrier function around pores [8]. Currently,

reported ingredients of acne treatment products include

triclosan [9], benzoyl peroxide [10], azelaic acid [11],

retinoid [12], tetracycline [13], erythromycin [14],

roxithromycin [15], and clindamycin [16], but tolerance

problems due to excessive use of acne treatments are

being raised. Therefore, the development of materials

having improvement effects on the occurrence of exces-

sive inflammation of the skin without causing side

effects is acutely necessary. 

Meanwhile, the fruit of Phyllanthus emblica is a fruit

that prevents various diseases and aging, has effects for

beauty and health, is known as a rejuvenating fruit. P.

emblica is a small deciduous tree, which grows naturally

and is cultivated throughout India. In addition, P.

emblica contains various antioxidants such as vitamin

C, phenolic compounds, tannins, phyllembelic acid, phyl-

lembelin, rutin, curcuminoids, and emblicol [16], and

antioxidant activity [17] has been reported in relation to

the foregoing.

Geranium (Pelargonium graveolens) is a perennial

plant belonging to the family Geranaceae and is native

to China and Egypt. Among the constituents of Geranium,

geraniol, linalool, and citronellol are known to have very

strong oxidative actions because they have strong

binding force since they have one or more hydroxyl groups

(-OH) in their molecular structures as with phenolic

compounds [18]. Antioxidant and anti-inflammatory

actions [19], and antibacterial effects on P. acnes, S.

aureus, etc. were reported in the leaf extract of P.

graveolens [20]. Commiphora myrrha, which is a tradi-

tional Chinese herbal medicine, has been reported to

have various activities, including anti-inflammatory

activity [21], cytotoxicity [22], and antibacterial effects

[23]. 

Whereas many applied studies on phytotherapy,

which uses plants as drugs without separating certain

components, have been conducted in the past, recently,

studies using scientific extraction methods to extract

certain useful components from plants have been

actively in progress. Therefore, verifying the efficacy

appearing when the mixed extracts of P. emblica, P.

graveolens, and C. myrrha, of which the pharmacological

effects such as antioxidant and antibacterial effects

required for skin disease remedial agents have been

individually verified act complexly seems to be very

meaningful for the development of materials of eco-

friendly skin disease remedial agents.

Therefore, in this study, the antioxidant and antibac-

terial effects of the mixed extracts (PGC) of P. emblica,

Geranium (P. graveolens), and C. myrrha, whose phar-

macological effects have been verified, will be analyzed

and their stability as raw materials of eco-friendly

skin disease remedial agents will be reviewed.

Materials and Methods

Experimental sample preparation
P. emblica fruits, P. graveolens leaves and C. myrrha

fruits were washed and dried at 60℃ for 48 h. After

grinding to a size of 40 mesh or less, they were mixed at

a constant weight (100 g: 100 g: 100 g) to prepare a PGC

mixture. This PGC mixture was prepared from PGC-1 to

4 samples according to the extraction conditions, and the

details are as follows (Table 1).

PGC-1. Water was added to the PGC mixture in an

amount of 10 times weight and irradiated for 2 h at 50℃

with a frequency of 50 kHz using a sonicator. Then, the

extract extracted under reflux was repeated 3 times at

60℃ for 6 h, filtered through a 0.45 µm membrane filter

(Amicon, USA), and then ethanol was removed with a

Table 1. Sample preparation conditions.

PGC-1 PGC-2 PGC-3 PGC-4

Extraction 
method

Ultrasonic 
wave

Ultrasonic 
wave

ethanol

Fermentation 
ultrasonic 

wave

Fermentation 
ultrasonic wave

ethanol
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vacuum concentrator to prepare PGC-1.

PGC-2. Ethanol was added to the PGC mixture in an

amount of 10 times weight, and the mixture was irradiated

at 50℃ with a frequency of 50 kHz using a sonicator for

2 h. Then, extraction was performed by refluxing 3 times

at 60℃ for 6 h and the obtained extract was filtered with

a 0.45 µm membrane filter (Amicon). Then, ethanol was

removed using a vacuum concentrator to prepare

PGC-2.

PGC-3. Water was added to the PGC mixture in an

amount of 10 times weight, and L. acidophilus (KCCM

32820), L. plantarum (KCCM 11322) and L. bulgaricus

(KCCM 40266) were inoculated at a concentration of 106

CFU/g, respectively, and fermented at 30℃ for 3 days.

After taking the supernatant by centrifugation, it was

irradiated for 2 h at 50℃ with a frequency of 50 kHz

using a sonicator. Thereafter, 10 times the weight of

water was added to the obtained ultrasonic extract, and

reflux extraction was performed at 60℃ for 6 h,

repeated three times. The extract was filtered through

a 0.45 µm membrane filter (Amicon, USA), and then

ethanol was removed using a vacuum concentrator to

prepare PGC-3.

PGC-4. Water was added to the PGC mixture in an

amount of 10 times weight, and L. acidophilus (KCCM

32820), L. plantarum (KCCM 11322) and L. bulgaricus

(KCCM 40266) were inoculated at a concentration of

106 CFU/g, respectively, and fermented at 30℃ for 3

days. After taking the supernatant by centrifugation, it

was irradiated for 2 h at 50℃ at 50 kHz frequency using

a sonicator. Thereafter, 70% ethanol of 10 times the

weight of the obtained ultrasonic extract was added,

and reflux extraction was performed at 60℃ for 6 h,

repeated three times. The extract was filtered through a

0.45 µm membrane filter (Amicon, USA), and then etha-

nol was removed using a vacuum concentrator to pre-

pare PGC-4.

Antioxidant activity test
ABTS radical scavenging activity. In order to measure

the ABTS radical scavenging activity, each of the sam-

ples PGC-1 to 4 is diluted in water to a concentration of

100, 250, 500, and 1000 µg/ml. 7 mM ABTS (Sigma-

Aldrich, USA) and 2.45 mM potassium persulfate are

mixed and reacted at room temperature for 12 h in the

dark to form ABTS cations. Then, ethanol was added so

that the absorbance value at 734 nm was 0.70 ± 0.02.

100 µl of the sample (PGC-1 to 4) and 100 µl of the pre-

pared ABTS solution are added to a 96-well plate,

reacted at room temperature for 7 min, and measured at

734 nm. Compared with the blank test solution, the

ABTS clearance rate was calculated as a percentage (%)

as follows.

ABTS radical scavenging ability (%) = 

[Control − (Sample − Blank)]/Control × 100

(Control: Absorbance of ABTS reagent, Sample: Absor-

bance of Sample + ABTS reagent, Blank: Absorbance of

Sample + Blank)

DPPH radical scavenging activity. To measure DPPH

radical scavenging activity, put 100 µl of the sample

prepared in the ABTS experiment (PGC-1 to 4) and

100 µl of 0.2 mM DPPH into a 96-well plate. After

30 min, absorbance at 517 nm using a microplate reader

was measured. Compared with the blank test solution,

the DPPH radical scavenging rate was calculated as a

percentage (%) as follows.

DPPH radical scavenging ability (%) = 

[Control − (Sample − Blank)]/Control × 100

(Control: Absorbance of DPPH reagent, Sample:

Absorbance of Sample + DPPH reagent, Blank: Absor-

bance of Sample + Blank)

Antibacterial and anti-inflammatory activity test
Paper disc experiment. Paper disc experiment was

conducted to test the antibacterial activity of acne-

causing bacteria. The acne-causing bacterium was P.

acnes (KCTC 3314), which was purchased from the

Center for Biological Resources (KCTC) and cultured at

37℃ in Reinforced Clostridial Broth medium. The

cultured P. acnes was smeared with a sterile cotton

swab by 100 µl in a solid medium (agar 20 g/l) adjusted

to 1 × 106 CFU/ml. Sample PGC-1~4 was diluted with

water to a concentration of 500 µg/ml, and 20 µl of each

was slowly absorbed on a paper disc (diameter 6 mm,

Roshi Kaisha., Japan), dried, and the solvent was vola-
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tilized. The paper disc on which the sample (PGC-1~4)

was absorbed was adhered to and cultured on the plate

medium on which the strain was smeared. Then, the

clear zone (mm) created around the disc was measured

to compare the antibacterial activity.

LPS inflammation-inducing cytokine analysis. In order

to confirm the decrease in cytokines, the control and

samples (PGC-1~4) in which the production of inflam-

matory cytokines (TNF-α) in RAW 246.7 cells were

induced through LPS treatment were compared. Cyto-

kines are signaling substances secreted when macro-

phages are activated by foreign antigens. In order to

evaluate the production of inflammation-related cyto-

kines (TNF-α) in the cell culture medium, RAW 264.7

cells were aliquoted in a 96-well plate at a concentration

of 1 × 104 cells/well, and then cultured for 12 h at 37℃ in

a 5% carbon dioxide incubator. Thus, the cells were

completely attached. Thereafter, samples (PGC-1 to 4)

at concentrations of 0, 100, 250, and 500 µg/ml and 1 µg/

ml of LPS, an inflammation-inducing substance, were

added and re-cultured for 24 h. Thereafter, TNF-α was

quantified using a Mouse TNF-α Quantikine ELISA kit

(R&D systems, USA).

Cell viability experiments
For MTS analysis, RAW 264.7 cells were cultured in

100 IU/ml penicillin, 100 IU/ml streptomycin, and 10%

fetal bovine serum DMEM (Dulbecco's modified Eagle's

medium) at 37℃ and 5% carbon dioxide incubator. The

cultured RAW 264.7 cells were aliquoted at 1 × 104 cells/

ml, incubated for 24 h, and a sample (PGC-1~4) diluted

to 100−1,000 µg/ml was added and incubated for another

24 h. Then, 20 µl of MTS reagent was added, and after

incubation for 2 h, absorbance was measured at 570 nm

using a microplate reader. Cell viability was calculated

by the following formula.

Cell viability (%) = [(Exp. − Blank)/Control] × 100

(Exp: absorbance of the extract containing cells,

Blank: absorbance of the extract without cells, Control:

absorbance of distilled water containing cells)

Statistics and data processing
All experiments in this study were used for analysis

based on the results of three or more independent runs

under the same conditions, and all experimental results

were expressed as mean ± standard deviation. After

calculating the mean and standard deviation of the

experimental results, statistical significance was veri-

fied by t-test.

Results and Discussion

Results of antioxidant activity test 
Radicals, one of reactive oxygen species (ROS), cause

aging phenomena such as wrinkles and pigmentation

when they have been accumulated in the body. ABTS

and DPPH used in this experiment are used as sub-

strates for measurement of antioxidant activity, and are

known as indicators of antioxidant activity of phenolic

substances such as phenol and flavonoids [24].

The measurement of antioxidant capacity using ABTS

radicals is a method that uses the principle that ABTS

radicals generated by reaction with potassium persulfate

lose the blue-green color, which is their unique color,

when they are in contact with antioxidants, and there

are differences in radical scavenging activity among

antioxidants [25]. It is known that the content of phenolic

substances is proportionally and positively correlated

with ABTS radical scavenging activity [26]. In the result

of analysis on ABTS radicals, the activity of all samples

showed a tendency to increase in proportion to the con-

centration, and ascorbic acid, a positive control, was

found to have the highest activity of 99.5% at the concen-

Fig. 1. ABTS radical scavenging activity of PGC mixture.
ABTS radical scavenging activity was measured by 100, 250,
500, 1000 ug/ml concentration of PGC mixture. Ascorbic acid
was used as positive control. Values are presented mean ± SD.
*, p < 0.05; **, p < 0.01 
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tration of 1000 µg/ml. PGC-4 showed the highest activity

at 83.5% at 1000 µg/ml, which is similar to the activity of

a positive control, followed by PGC-3, PGC-2, and PGC-1

at 73.4%, 70.9%, and 64.5%, respectively at 1000 µg/ml

(Fig. 1). In particular, at 1000 µg/ml, the ABTS radical

scavenging activity of PGC-4 was significantly higher

than that of PGC-3 (p < .05), PGC-2 (p < .05), and PGC-1

(p < .01). As a result, it was found that the antioxidant

effect of PGC-4 was excellent.

In addition, with regard to the measurement of DPPH

radical scavenging activity, since DPPH radicals are

reduced by antioxidant active substances and the

inherent indigo blue color of DPPH becomes pale so that

antioxidant activity can be observed visually, DPPH

radical scavenging activity is used as a measure to

evaluate the antioxidant and antiaging activities of phe-

nolic substances such as phenols and flavonoids against

fat [27].

The result of DPPH radical analysis showed the same

trend as the above-mentioned result of ABTS analysis.

PGC-4, PGC-3, PGC-2, and PGC-1 showed DPPH radi-

cal scavenging activity of 88.7%, 84.5%, 70.9%, and

64.5% at 1000 µg/ml, respectively (Fig. 2). In this case,

ascorbic acid, which was a control, was analyzed to have

DPPH radical scavenging activity of 99.4% at 1000 µg/

ml. In particular, at 1000 µg/ml, the DPPH radical scav-

enging activity of PGC-4 was not statistically differ-

ent from that of PGC-3, but there was significantly

different from that of PGC-2 (p < .001) and PGC-1

(p < .01). Therefore, it was found that the antioxidant

effect of PGC-4 was excellent.

Free radicals that cause oxidative stress in the human

body are generated by environmental pollution or drink-

ing. In addition, reactive oxygen species and nitric oxide

generated by free radical reactions in vivo cause protein

inactivation, tissue damage, genetic mutation, and the

like, and are reported as a major cause of aging and

diseases such degenerative diseases. Therefore, it is

important to search for natural plants that have fewer

side effects and have antioxidant components. As a

result of examination of the antioxidant efficacy of PGC-

1~4, it was found that the antioxidant components of the

samples increased concentration-dependently. In partic-

ular, the antioxidant effect of PGC-4 extracted through

fermentation and ultrasonication was the best. The

results of ABTS and DPPH radical analysis also showed

that PGC-4 had a significantly higher radical scaveng-

ing ability than PGC-1~3, although it was lower than

that of positive control. Given these results, it seems

that polyphenols present in natural plants were effec-

tively extracted to enhance antioxidant activity, and it is

judged that the polyphenols can effectively protect cell

membranes and intracellular substances from oxidative

stress.

Results of antibacterial and anti-inflammatory activity
tests

Various bacteria exist on the skin, and some of them

combine with immune antibodies secreted from the

sweat glands to act for skin immunity, but sebum,

sweat, and various chemicals discharged from the body

are decomposed into inflammation causing substances

by the skin flora to cause skin troubles [28]. Representa-

tive flora that causes skin inflammation includes P.

acnes. P. acnes mainly resides around and inside the

hair follicles and secretes lipase, one of the enzymes that

break down most of the human body's lipids, to break

down neutral fat or triglycerides, the main components

of sebum, into free fatty acids thereby causing inflam-

mation and expanding the inflammation to cause acne

[29]. In order to develop inhibitors of antibiotic-resistant

bacteria, recently, studies to extract natural antibacte-

rial substances from plant extracts have been actively in

progress.

As shown in Table 2, as a result of analysis of the anti-

Fig. 2. DPPH radical scavenging activty of PGC mixture.
ABTS radical scavenging activity was measured by 100, 250,
500, 1000 ug/ml concentration of PGC mixture. Ascorbic acid
was used as positive control. Values are presented mean ± SD.
*, p < 0.05; **, p < 0.01 
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bacterial activity against P. acnes, which is an acne-

causing bacterium, whereas the clear zone of PGC-2

showed the lowest activity at 5.4 ± 0.9 mm, the clear

zone of PGC-4 showed activity at 14.6 ± 1.6 mm, which is

close to 3 times the activity of the clear zone of PGC-2.

The clear zone of PGC-3 showed activity of 11.8 ± 1.3 mm,

which was higher than the activity of the clear zone of

PGC-1 or PGC-2, but lower than that of clear zone of

PGC-4. According to previous studies, Geranium (P.

graveolens) and C. myrrha contain various physiologi-

cally active compounds such as phenolic compounds

[31, 32]. In particular, PGC-4 showed a statistically sig-

nificant difference compared to PGC-1 (p < 0.05) and

PGC-2 (p < 0.01). In particular, it is thought that the

antibacterial effect appeared thanks to geraniol, linalool,

and citronellol, which are constituents of Geranium (P.

graveolens).

Common symptoms appearing on acne-prone skin

include hyperkeratosis in pores, increases in sebum

secretion, clogging of pores, and the occurrence of

inflammation due to increases in P. acnes, which is the

cause of acne. The types of acne can be divided into non-

inflammatory acne, which includes whiteheads (closed

comedones) and blackheads (open comedones), and

inflammatory acne, which includes papules, pustules,

nodules, and cysts. Acne begins as non-inflammatory

acnes and progresses into inflammatory acne in most

cases [33]. As for acne remedial agents, retinoids, ben-

zoyl peroxide, azeleic acid, and etc. are used to remove

dead skin cells and sebum, and antibiotics such as clinda-

mycin and erythromycin are used to treat acne skin

inflammation [34]. The above remedial agents are

widely used in the treatment of acne skin because they

have strong antibacterial effects that inhibit the prolifer-

ation of P. acnes, although there are differences in

degrees [35]. However, these antibiotics cause side

effects such as skin moisture loss, skin irritation, red-

ness, and itching, and cause a problem of tolerance when

they have been used for a long time [36]. In order to

overcome the side effects and tolerance of acne remedial

agents, various studies are being conducted to discover

active ingredients against acne from natural plant

sources. As a result of the analysis of antibacterial activ-

ity against P. acnes, which is the causative agent of acne,

in this study, PGC-4 was found to have the highest anti-

bacterial effect, and the antibacterial effect of PGC-3

was found to be higher than that of PGC-1 and PGC-2

although it was lower than that of PGC-4. The natural

physiologically active ingredients mainly contained in

plants can be divided into four types: alkaloids, ter-

penes, flavonoids, and phenols [37]. In particular,

Geranium (P. graveolens) and C. myrrha, which are nat-

ural plants, contain various physiologically active com-

pounds such as phenolic compounds. Physiologically

active substances such as geraniol, linalool, and citronel-

lol, which are constituents of Geranium (P. graveolens),

produce compounds with complex and diverse structures

while they coexist with living things around them [38],

and these compounds appear to have showed antibacte-

rial effects that inhibit microbial growth.

Inflammatory responses are a normal defense mecha-

nism of the body against external stimuli, and continu-

ous inflammatory responses cause tissue damage

consequently becoming a cause of various diseases such

as arthritis, diabetes, arteriosclerosis, and cancer. When

inflammatory responses occur, inflammatory cells such

as macrophages secrete inflammatory mediators such as

tumor necrosis factor-α (TNF-α). Lipopolysaccharide

(LPS), which is known to be an endotoxin, is present in

the outer membrane of Gram-negative bacteria to

induce the activation of nuclear factor-κB (NF-κB), an

intracellular transcription factor, in macrophages or

mononuclear cells thereby inducing gene expression of

inflammatory cytokines and producing inflammation

mediators. Therefore, substances that inhibit the

expression of these enzymes are highly likely to be devel-

oped as anti-inflammatory agents [32]. 

Anti-inflammatory agents developed thus far have

problems in terms of human safety as they cause gastritis,

nephritis, and heart disease [33]. Consequently, the use

of them is partially restricted. Therefore, searching for

safer anti-inflammatory substances from natural sub-

stances is very important now. Hence, in this study, a

control group, which is Raw cell 246.7 cells treated with

LPS, and PGC-1~4 was incubated for 24 h and the

amounts of TNF-α production were examined thereafter.

Table 2. Paper disc experiment result.

Strains
Size of clear zone (diameter, mm)

PGC-1 PGC-2 PGC-3 PGC-4

Propionibacterium 
acnes

5.8 ± 0.6 5.4 ± 0.9 11.8 ± 1.3 14.6 ± 1.6
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As a result, the TNF-α concentration of the control group

treated only with LPS was found to be the highest (Fig.

3). The TNF-α concentration decreased concentration-

dependently in all samples, and the lowest TNF-α con-

centration was shown at a concentration of 500 µg/ml. In

particular, PGC-4 was shown to inhibit TNF-α produc-

tion more compared to any other samples, and the

amount of TNF-α produced was shown to be 396.4 ± 21.2

µg/ml at 500 µg/ml, showing a TNF-α inhibitory ability

of 61.5% compared to the control group.

TNF-α, an inflammatory cytokine, is produced by mac-

rophages during inflammatory processes [39], and has

been reported as a multifunctional cytokine that can

exert inflammatory activity and cytotoxicity to a wide

range of lymphoid, non-lymphoid, and tumor cells [39].

When inflammatory mediators have been produced

excessively, inflammatory responses actively occur,

excessive immune responses are caused, and various

diseases are aggravated. Therefore, if inflammatory

cytokines can be suppressed, not only inflammation but

also various diseases can be suppressed [40]. Therefore,

to identify the anti-inflammatory efficacy of the samples in

this study, the effects of the samples on pro-inflammatory

cytokines (TNF-α) were investigated. When RAW 264.7

macrophages treated with LPS alone were compared

with the control group, it was found that TNF-α produc-

tion increased significantly, TNF-α concentrations

decreased concentration-dependently in all samples

(PGC-1 to 4), and the lowest TNF-α concentration was

shown at a concentration of 500 µg/ml. From these

results, it was found that compared to other samples,

PGC-4 was involved more effectively in the regulation of

TNF-α among pro-inflammatory cytokines and this was

assumed to be a difference due to the extraction method.

Result of MTS experiment
Recently, among plant extracts, physiologically active

components such as antioxidant effects against free

radicals and anti-inflammatory effects against inflam-

mation such as dermatitis have been identified. Accord-

ingly, it is widely applied as a treatment for skin

diseases. However, the most important thing is to

ensure safety in the use of these extracts, and therefore,

verification of cytotoxicity is required. The cytotoxicity of

PGC-1 to 4 was tested in RAW 264.7 cells and based on

the result, it was identified that the cell viability was at

least 95% at all concentrations (Fig. 4). Therefore, it was

identified that PGC-1 to 4, which are all samples, have

no cytotoxicity.

As described above, the antioxidant, antibacterial, and

anti-inflammatory effects of the mixed extract of P.

emblica, Geranium (P. graveolens) and C. myrrha were

confirmed. The results as such are judged attributable to

the complex actions of various active ingredients

involved in the antioxidant activity of P. emblica [16],

the antibacterial activity of Geranium, P. graveolens

[20], and the anti-inflammatory activity of C. myrrha

[21]. In particular, PGC-4 extracted using fermentation

and ultrasonic extraction methods showed excellent

antioxidant, anti-inflammatory, and antibacterial effects,

Fig. 3. Inhibitory effects of PGC mixture on TNF-α produc-
tion in LPS-stimulated RAW 264.7 cells. Cells (1 × 104 cells/
well) were treated by LPS (1 ug/ml) for 24h in the presence of
PGC mixture (0, 100, 250, 500 ug/ml). Supernatants were col-
lected, and the TNF-α concentration in the supernatants was
determined by ELISA.

Fig. 4. Effect of PGC mixture on the cell viability by MTS
assay. The cultured RAW 264.7 cells were aliquoted at 1 × 104

cells/ml and incubated for 24 h. Cells were treated with PGC
mixture diluted to 100-1,000 μg/ml and incubated for 24 h.
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indicating that fermentation and ultrasonic extraction

methods effectively extract active ingredients involved

in antioxidant, anti-inflammatory, and antibacterial

effects.

Ultrasound-assisted extraction has been used to

improve the efficiency of extraction of functional com-

pounds from various plant materials, and this method

has the advantage of simplifying the extraction process

by increasing the extraction speed [41]. It is known that

ultrasonic waves generate cavitation bubbles and that

as the bubbles are collapsed, plant cell walls are

destroyed to increase the discharge of organic com-

pounds inside plant cells. In addition, the ultrasonic

energy impact effect induces pressure rise so that high

extraction efficiency can be obtained [42]. In this study,

the antioxidant, anti-inflammatory, and antibacterial

effects of PGC-4 and PGC-3 applied with ultrasonic

extraction were shown to be high. This is judged to be

because the cavitation formed during ultrasonic irradia-

tion created high pressure to effectively destroy the

plant cell walls so that the travel range of the extracts

was shortened, and diffusion occurred easily. Kim et al.

(2009) [43] stated that the extraction yield could be

increased because ultrasonic energy destroyed plant tis-

sues so that those components that could be hardly

eluted with conventional extraction methods could be

extracted. In addition, in a study of the antioxidation of

Oenothera odorata extract, Kim and Lee (2016) [44]

identified that active ingredients such as polyphenols

and flavonoids were shown to be higher in the ultrasonic

extraction method than in room temperature stirring

extraction.

Fermentation is a process to generates energy by

decomposing sugar without oxygen [45]. According to a

study conducted by Park et al. (2012) [46], the total

polyphenol content of extract of Gastrodia elata Blume

that underwent yeast (S. cerevisiae, KCCM 50583)

fermentation was found to be at least three times that of

the extract that was not fermented. The reason why the

efficacy of PGC-4 was shown to be excellent in this study

seems to be the fact that enzymes such as lipase, protease,

and amylase increased phenol components thanks to

various yeasts involved in the fermentation process, so

that the antioxidant effect and melanin production

inhibitory effects were improved.

Conclusion

As a result of the study, all extracts (PGC-1 to 4)

showed antioxidant, antibacterial, and anti-inflammatory

effects without cytotoxicity, confirming their potential as

natural raw materials for the development of acne treat-

ments. In particular, as the fermented and ultrasonic

extract PGC-4 showed the most excellent efficacy, if the

fermentation and ultrasonic extraction method were

applied to the mixed extraction of Phyllanthus emblica,

Geranium (P. graveolens), and Commiphora myrrha, as

a natural material, it is judged that the practicality will

increase.
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