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Abstract

Background: Many cosmetic products possess antioxidant and anti-bacterial properties. However, they are chemically
synthesized products. This research project focuses on “organic” and “natural” for skin care products. “Organic” is derived
from living matter, such as the Chinese medicinal plant, “Curcuma longa L.” “Natural” exists in or is derived from nature, and
is not made or caused by humankind, as these have some advantages.

Objectives: The research aimed to design and develop a Chinese medicinal ointment using “natural curcumin extract
powder (NCP)” with 98% purity of a bioactive ingredient, “curcumin,” as well as evaluate its antioxidant and anti-bacterial
properties. The NCP ointments have active ingredients with different percentages, including 1%, 3%, and 5%, compared to
Thailand’s commercial “extract curcuma” (TP) product.

Materials and Methods: These Chinese medicinal NCP ointments were conducted with four qualitative and quantita-
tive tests, such as physical (creams or ointments selection and pH), chemical experiments for structural determination and
isolation of an active ingredient (phytochem constituents, ultraviolet—visible [UV—vis] and high-performance liquid chroma-
tography-diode array detector [HPLC-DAD] or high-performance liquid chromatography-mass spectrometry [HPLC-MS])),
antioxidant properties (DPPH assay), and biological anti-bacterial properties (agar assay) against Staphylococcus aureus.
Results: NCP ointments were made by mixing “curcumin” and “emulsifying ointment BP.” The pH values of 1%, 3%, and 5%
NCP ointments were 5.83 * 0.02, 5.67 + 0.04, and 5.43 + 0.04, which were more acidic and similar to TP ointment. These
showed positive results on the lead tetra acetic acid test and the Horizon test, indicating the presence of alkaloids, phenolic,
and terpenoids, respectively, but TP ointment showed a negative result on the Horizon test. The NCP ointments were con-
firmed by the UV—-vis with a broad peak absorption at 425 nm, and identified by the HPLC-DAD and HPLC-MS through the
calculations to ensure the concentrations of 1%, 3%, and 5% NCP ointments. In contrast, TP ointment cannot be confirmed
to contain the active ingredient, “curcumin.” NCP ointments possessed DPPH scavenging with 19.07% £ 0.0012%, 28.42% +
0.012%, and 49.01% + 0.0055%, respectively. The DPPH scavenging of 5% NCP ointment was twice that of TP ointment. 1%,
3%, and 5% NCP, TP ointments with anti-bacterial properties were 165.67 + 4.04, 141.33 £ 5.51, 88.00 + 9.85, and 4.00 £ 1.00.
These inhibited the growth of S. aureus, and the anti-bacterial properties were much lower than those of the TP ointment.
Conclusion: 1%, 3%, and 5% NCP ointments have been successfully developed and confirmed by the analysis of UV—vis,
HPLC-DAD, and HPLC-MS. The NCP ointments have antioxidant and anti-bacterial properties. However, because the com-
ponents differ, NCP ointments have higher antioxidants but lower anti-bacterial properties than TP ointments. TP ointment
is alcohol-based, whereas NCP ointments are “organic-based” and “natural-based,” which possess the equivalent skin care
functions concerning the targets of this research project.
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Introduction

Chinese medicinal “curcumin” ointment is an “organic” skin-
care product containing an active ingredient from the natural
plant, “Curcuma longa L.” In Asian countries, it is widely
used as an herbal medicine (Law et al., 2020) due to its broad
spectrum of pharmaceutical activities, notably its antioxidant
and anti-bacterial effects (Dai et al., 2022; Dehzad et al.,
2023). The advantages of organic ointments are that they are
naturally available minerals, are not genetically modified,
and do not contain sulfates, parabens, or other harmful chemi-
cal substances. Most importantly, limited toxicity and
increased effectiveness (Abbasi et al., 2020).

Growing evidence has shown that curcumin or turmeric is
regarded as an attractive alternative to conventional drugs,
such as corticosteroids and antibiotics, because of its charac-
teristics as a safe and well-tolerated natural substance (Di
Lorenzo et al., 2023). It has prospective wound-healing
activity against chronic wounds. Topical curcumin formula-
tions provide better delivery at wounded sites (Mohanty &
Sahoo, 2017).

Based on the traditional Chinese medicine (TCM) theory,
the nature of curcumin is pungent, bitter, and warm (Sharifi-
Rad et al., 2020). It eliminates stasis and activates qi-flow,
inducing menstruation to relieve pain (Li et al., 2021).
Curcumin’s mechanisms include downregulating cyclooxy-
genase-2 (COX-2) for antioxidant function (Sobolewski
et al., 2010) and causing bacterial membrane disruption for
the anti-bacterial function against Staphylococcus aureus
(Tyagi et al., 2015).

Curcumin is a cosmetic product derived from Chinese
medicine. It is believed to reduce facial hair growth, alleviate
acne, and improve complexion (Shaffrathul et al., 2007).
Some women in Tamil Nadu apply turmeric to their faces
daily before taking a bath since it is a cutaneous antioxidant
that prevents the rancidity of lipids when added to moistur-
izers (Draelos et al., 2010). Unlike Western cosmetic prod-
ucts, which are often synthetic products and may contain
chemicals that cause sensitive skin or allergies, this product is
natural and does not cause skin irritation. Furthermore, syn-
thetic cosmetic products may also cause environmental prob-
lems, such as the disposal of synthetic makeup products that
cannot decompose or biodegrade, contributing to long-term
waste pollution (Cubas et al., 2022).

This research article aimed to develop and formulate a
Chinese medicinal ointment using “curcumin’ and evaluate its
antioxidant and anti-bacterial properties. The methodology
consists of four major components, including “physical” tests
such as cream selection, and pH analysis for the curcumin
ointment; “chemical” analysis involving structural determina-
tion of phytochemical constitutes using the testing reagents
and UV spectroscopy, as well as isolation of active ingredient
by high-performance liquid chromatography-diode array

detector (HPLC-DAD) analysis to confirm the 1%, 3%, and
5% of curcumin ointments; evaluation of its antioxidant prop-
erties using DPPH assay, and assessment of its biological anti-
bacterial properties through agar assay against S. aureus and
Escherichia coli to the different percentage of curcumin oint-
ments, as well as compare to Thailand’s commercial “cur-
cumin extract” product.

Materials and Methods

Processed curcumae longae rhizomae (PCLR) pieces were
bought from Hong Kong Natural Pharmaceutical Company
Limited. 98% natural curcumin extract powder (NCP) was
purchased from Shaanxi Yupeptide Biotechnology Co., Ltd.
Aqueous creams or ointments were bought from a health and
beauty chain store. Ethanol and acetic acid (HPLC grade)
were obtained from Anaqua Global International Inc., Ltd.
Acetonitrile (HPLC grade) was purchased from RCI Labscan,
Ltd. 95% 2,2-diphenyl-1-picrylhydrazyl (free radical) pow-
der was purchased from Alfa Aesar. Difco™ Nutrient Agar
BD was procured. S. aureus ATCC® 23235 was obtained
from Thermo Fisher Scientific Inc., USA. All chemicals used
were of analytical grade and were used as received without
any further purification.

Preparation of the Curcumin Powder

Two types of curcumin powders from PCLR pieces and 98%
NCP were used.

30-60 g of PCLR pieces were ground into powder with a
particle size of 50 mesh using a Gaoxin GX-08 blender
(Figure 1) and placed in a sealed bag, which prevented raw
material contamination and air oxidation as well as inhibited
the growth of microbial, for example, mold. 98% NCP was
used directly as it was already a sieved powder (Figure 2).

Physical Experiments
Creams or Ointments Selection

A fragrance-free cream was chosen through a careful sniff
test. The selected cream or ointment was required to be free
of alcohol-based components, scent, and a greasy texture.
Details regarding the comparison information of cream or
ointment selection were reviewed in the results and discus-
sion sections.

pH Value of NCP Ointment

A pH measurement was carried out using a pH meter. 1 g of
ointment was weighed and dissolved in 10 mL of distilled
water. The ointment was sonicated for 5 min and filtered. The
pH value of the ointment was recorded.
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PCLR Powder
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PCLR Powder

Figure 1. Preparation of Processed Curcumae Longae Rhizoma (PCLR) Powder in 50 Mesh.

Figure 2. 98% Natural Curcumin Extract Powder (NCP).

Chemical Experiments

Determination of Phytochemicals Constitutes

Lead Tetra Acetic Acid Test

I mL of lead tetra acetate solution was treated with 0.5 mL of
sample extract, precipitate formation was indicated by the
presence of phenolic compounds and tannins (Kancherla
et al., 2019).

Horizon Test

1 mL of trichloroacetic acid was added to 1 mL of extract.
The presence of terpenoids was confirmed by the formation
of a red precipitate (Kancherla et al., 2019).

Determination of Ultraviolet—visible (UV—vis)

Spectroscopy — Raw Materials Test
Preparation of Standard and Sample Solutions

A stock solution of 1,000 ppm curcumin, either in curcumin
standard, 98% NCP, or PCLR, was prepared by accurately
measuring 20 mg and dissolving it in 20 mL of ethanol.
Curcumin standard and 98% NCP were diluted to 10 ppm,
while PCLR was diluted to 40 ppm. The sample solution was

filtered through a 0.45 pm polytetrafluoroethylene (PTFE),
then 1 mL of each corresponding solution was pipetted and
transferred to the UV cuvette for measurement.

Determination of High Performance Liquid
Chromatography - Diode Array Detector
(HPLC-DAD)

Preparation of Standard Solutions

20 mg of curcumin was weighed accurately and dissolved in
20 mL of ethanol to make a stock solution with a concentra-
tion of 1 mg/mL. The stock solution was then diluted into five
proportions, including 5, 10, 20, 40, and 80 mg/L, then soni-
cated for 10 min to ensure the curcumin standard was com-
pletely dissolved.

Preparation of Sample Solutions

20 mg of PCLR pieces/98% NCP/Thailand’s commercial
“curcumin extract” product (TP) was weighed accurately
and dissolved in 20 mL of ethanol to prepare a solution with
a concentration of 1 mg/mL. This solution was sonicated for
10 min and then centrifuged at 3,000 rpm for another 5 min.
The test solution was finally filtered through a 0.45 um
PTFE filter to remove the contaminants and impurities.

HPLC Requirements and Conditions

The HPLC used a column of Eclipse Plus C18 (4.6 x 250 mm
length) with 5 pm diameter. Eluent C consisted of a 1:1 ratio
of acetonitrile/H,0O and 2% acetic acid. It was run in isocratic
elution. Column temperature was maintained at room tem-
perature, around 25°C-30°C. The HPLC was equipped with a
diode array detector and measured absorbance at 425 nm for
both standard and sample solutions (Gulcin & Alwasel,
2023). Triplicate injections of the same sample were per-
formed to assess repeatability.

Preparation of NCP Ointments

The concentrations of curcumin extracts in each ointment
were selected as 1%, 3%, and 5%. Emulsifying ointment BP
was mixed with the corresponding concentrations of 98%
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NCP. The mixtures were stirred gently, sonicated for 30 min,
and sealed with aluminum packaging boxes with a total vol-
ume of 10 g for each ointment. The final ointments were
stored in the fridge overnight before use.

Antioxidant Test (DPPH Assay)

3.9432 mg of DPPH was weighed and dissolved in 100 mL of
ethanol. It is sonicated for 5 min to prepare a 0.1 mM stock
solution. 2.5 g of 1%, 3%, and 5% of NCP ointments were
dissolved in 2.5 mL of ethanol. They were sonicated and cen-
trifuged for 5 min, then filtered. An equal volume of the sam-
ple solution was added to the DPPH solution. The mixture
was vortex-mixed well and kept in the dark for 30 min. The
absorbance was measured and recorded at 517 nm. By using
the equation to calculate the percentage of DPPH
scavenging:

(4, — 4,/ 4,)x100%

where control (4,): ethanol and DPPH, sample (4,): sample
and DPPH (Mishra et al., 2004).

Biological Experiments
Preparation of Agar Plate

23 g of nutrient agar powder was weighed and dissolved in
1 L of deionized water. It was stirred, heated thoroughly, and
boiled at 121°C for 15 min. The dissolved agar was auto-
claved. After autoclaving, it was poured into the Petri dishes
slowly and evenly to prevent any bubbles. The agar was
cooled to room temperature, incubated further for 10 min for
solidification, and then covered with the lids. Agar plates
were sealed tightly and stored in the fridge before use.

Serial Dilution of S. aureus

9 mL of deionized water was pipetted into four test
tubes. 1 mL of S. aureus solution with a concentration of
107! CFU/mL was pipetted into the first test tube and shaken
thoroughly. 1 mL of the solution from the first test tube was
then pipetted into the second test tube, shaken thoroughly
again, resulting in a concentration of 1072, and so on. The
dilution steps were repeated until a concentration of 10~
CFU/mL was achieved.

Anti-bacterial Assay

100 pL of the prepared S. aureus suspension (~10~* CFU/mL)
was evenly spread on the Petri dishes. There were three con-
trols, including S. aureus, S. aureus with ethanol, and S.
aureus in ointment without ethanol as the controls. Then,
50 puL of 1%, 2%, and 5% NCP ointments were spread onto
the Petri dishes evenly and correspondingly. The plates were

incubated for 24 h at 37°C in a constant temperature bio-
chemical incubator (Elbing & Brent, 2019). After 24 h, the
production of colony forming units (CFU) was observed.
This experiment was repeated three times.

Thailand’s Commercial Product

The Thailand ointment product (TP) (Figure 3) was pur-
chased online. Its active ingredient was “curcumin” for skin
care. Other ingredients included Cetyl alcohol, Ceteareth
20, glycerin stearate, salicylic acid, sodium lauryl sulfate,
phenoxyethanol, chlorhexidine, vitamin B2, iodopropynyl
butyl carbamate, and distilled water. This product was used
as a benchmark for comparison with the 1%, 3%, and 5% of
NCP ointments.

Statistical Analysis

The statistical values were reported as the Means + Standard
Deviations (£SD) of three separate experiments. Results were
analyzed using Statistical Package for the Social Sciences
(SPSS) software.

Results

Physical Experiments

Creams or Ointments Selection

Five creams or ointments were selected and compared from
the market (Table 1).

pH Value of NCP Ointments

The pH values of 1%, 3%, and 5% NCP ointments were 5.83
+ 0.02, 5.67 + 0.04, and 5.43 £ 0.04, respectively. However,
the pH value of TP ointment (5.44 + 0.04) was quite similar
to the 5% NCP ointment (5.43 + 0.04) (Table 2 and Figure 4).

Figure 3. Thailand Ointment Product (TP).
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Table I. List of Creams or Ointments with Different Ingredients.

Name of Creams or Ointments

Ingredient (s)

| Aqueous cream (Species |)
lauryl sulfate

Aqua (purified water), petrolatum, cetearyl alcohol, paraffinum liquidum, sodium

White soft paraffin (15% w/w), emulsifying wax (9% wi/w), liquid paraffin (6% w/w),

cetostearyl alcohol, sodium laurilsulfate, phenoxyethanol, purified water

Emulsifying wax (9.0% w/w), liquid paraffin (6.0% w/w), white soft paraffin (15.0%

wiw), methyl paraben (0.15% w/w), propyl paraben (0.08% w/w).

Aqua (purified water), petrolatum, cetearyl alcohol, paraffinum liquidum, phenoxy-

ethanol, sodium lauryl sulfate

2 Aqueous cream BP (Species 2)
3 Aqueous cream BP (Species 3)
4 Emulsifying ointment BP (Species 4)
5 Emulsifying ointment BP (Species 5)

Emulsifying wax (30% w/w), white petroleum jelly (50% w/w), liquid paraffin (20% w/w)

Table 2. pH Values of Controls, NCP, and TP Ointments.

Sample DI Water (Control) Ointment (Control) 1% NCP 3% NCP 5% NCP TP
| 7.01 6.84 5.81 5.7 5.39 5.44
2 7.05 6.86 5.85 5.69 5.42 5.48
3 7.03 6.85 5.83 5.62 5.47 5.41
Average 7.03 6.85 5.83 5.67 5.43 5.44
Standard deviation (o) 0.02 0.0l 0.02 0.04 0.04 0.04
Note: NCP: Natural curcumin extract powder.
8
7
6
5
S
= 4
>
T3
o
2
1
0
DI Water Ointment 1% NCP 3% NCP 5% NCP
(Control) (Control)
Controls, NCP and TP ointments

Figure 4. pH Values for the Controls, NCP, and TP Ointments.

Note: NCP: Natural curcumin extract powder.

Chemical Experiments

Determination of Phytochemical Constituents

The 98% NCP extract (control), 1%, 3%, and 5% NCP oint-
ment, as well as the TP ointment, showed positive results in
the lead tetra acetic acid test, except the ointment (control).
Ointment alone and TP ointment demonstrated negative
results in the horizon test (Table 3 and Figure S1).

Determination of UV-Vis Spectroscopy

The UV absorbance spectrum of curcumin standard
(10 ppm), 98% NCP extract (10 ppm), and PCLR pieces
(40 ppm) all showed a maximum absorption peak at 425 nm
(Figure S2). The curcumin standard had the highest absor-
bance, nearly 2,000, compared to the 98% NCP extract with
around 1,700 absorbance in the same concentration at 10
ppm. However, the absorbance of PCLR pieces was the
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Table 3. Different Types of Ointments for the Lead Tetra Acetic Acid Test, and Horizon Test.

Phyto 98% NCP Extract Ointment 1% NCP 3% NCP 5% NCP

constituents Control (Control) (Control) Ointment Ointment Ointment TP Ointment
Phenolic - + + + + + +

(Lead tetra acetic

acid test)

Triterpenoids - + - + + + -

(Horizon test)

Note: NCP: Natural curcumin extract powder; 98% NCP Extract (Control); "+": Dark orange precipitate for Lead tetra acetic acid test, "+": Yellow

precipitate for Horizon test. Others "+": White precipitate; "-": Colorless.

Table 4. Calculations of Emulsifying Ointment BP for NCP.

Standard Extracted Curcumin Weight of
deviation (o) Solution Added (pL) Ointment (g)
1% 50 L (0.04 g) 3.86
3% 150 L (0.12 g) 3.78
5% 250 yL (0.19 g) 3.70
Note: NCP: Natural curcumin extract powder.

1% 3% 5%

Figure 5. Natural Curcumin Extract Powder (NCP) Ointments.

lowest, and it required a higher concentration of 40 ppm for
analysis.

Determination of HPLC-DAD

A calibration curve of curcumin standard (Figure S3) was
established from the concentration of 5 ppm to 80 ppm, with
the equation y = 102.86x — 41.626, with R? = 0.9999.

The quantitative relationship between curcumin content
standard, 98% NCP, and PCLR pieces was determined
(Figures S4 and S5).

Preparation of NCP Ointments

The concentrations of curcumin extracts for each ointment
were selected as 1%, 3%, and 5%. The emulsifying ointment
BP was mixed with the corresponding concentrations of 98%
NCP (Table 4 and Figure 5).

Antioxidant Effect (DPPH Assay)

The DPPH scavenging activities for 1%, 3%, and 5% NCP
ointments were 19.07% £ 0.0012%, 28.42% + 0.012%, and
49.01% + 0.0055%, respectively. Ointment alone was 7.23%
+ 0.0012% and the TP ointment was 21.29% + 0.071% of
DPPH scavenging, while 5% NCP ointment showed the high-
est antioxidant effect (Table 5 and Figure S6).

Biological Experiments
Agar Plate-Anti-bacterial Property

A set of seven types of agar plates was designed to determine
the anti-bacterial properties (Figure S7).

Based on the finding, the number of colony-forming units
(CFU) of 1%, 3%, and 5% NCP ointments decreased propor-
tionally, which were 165.67 +£4.04, 141.33 £ 5.51, and 88.00
+ 9.85, respectively (Figure S8 and Table 6). The 5% NCP
exhibited the most potent anti-bacterial effect on S. aureus,
but it was weaker than that of the TP ointment.

Discussion

Physical Experiments

Creams or Ointments Selection

“Emulsifying ointment BP” was the optimal because it is free
of alcoholic components. As alcohol-based ointments may
cause adverse effects such as skin irritations or allergic con-
tact dermatitis (Lachenmeier, 2008). It contained emulsifying
wax, which acted as a moisturizer with the help of white
petroleum jelly to enhance its function on the skin (Barnes
et al., 2021; Kamrani et al., 2024). Liquid paraffin did not
affect skin hydration and only limited the transepidermal
water loss (Balaskas et al., 2011).

pH Value of NCP QOintment

An optimal pH value of skin on the face and body lies between
4.7 and 5.75 (Lambers et al., 2006). The skin’s natural pH is
mildly acidic. According to the results, the pH values of NCP
ointments were 5.83 + 0.02, 5.67 = 0.04, and 5.43 + 0.04,
which were more acidic than those of the control and oint-
ment alone. The 5% NCP exhibited the strongest acidity. The
presence of natural acidic compounds on the skin surface can
help to maintain the skin’s physicochemical properties and
protective functions (Farage et al., 2018).

Chemical Experiments
Determination of Phytochemical Constituents

The ointment (control) contained the liquid paraffin with the
ring structure (Figure S9). However, the TP ointment
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Table 5. Antioxidant Effect on DPPH Scavenging (%) of NCP and TP Ointments.

Control
(Ethanoland  Ointment
Sample DPPH) (Control) 1% NCP 3% NCP 5% NCP TP
| 1.298 1.235 [.113 1.021 0.831 1.162
2 1.349 1.237 1.112 1.001 0.832 1.153
3 1.349 1.235 1.125 1.022 0.841 1.148
Average 1.332 1.236 1.117 1.015 0.835 1.150
DPPH scavenging (%) - 7.23 19.07 28.42 49.01 21.29
Standard deviation (o) - 0.0012 0.0072 0.012 0.0055 0.071

Note: DPPH: 2,2-Diphenyl- | -picrylhydrazyl; NCP: Natural curcumin extract powder.

Table 6. Average Number of Colony Forming Units (CFU) for NCP and TP Ointments Against Staphylococcus aureus.

Number of Colony Forming Units (CFU)

Average of CFU with

Trial | Trial 2 Trial 3 Standard Deviation
(a) S. aureus (control) 723 692 662 692.33 £ 30.50
(b) S. aureus and ethanol (control) 334 374 422 376.67 + 44.06
(c) S. aureus and ointment without ethanol (control) 301 226 225 250.67 £ 43.59
(d) S. aureus and 1% NCP ointment 170 165 162 165.67 + 4.04
(e) S. aureus and 3% NCP ointment 136 141 147 141.33 £ 5.51
(f) S. aureus and 5% NCP ointment 99 80 85 88.00 + 9.85
(g) S. aureus and TP ointment 4 3 5 4.00 = 1.00

Note: NCP: Natural curcumin extract powder.

belongs to the “Ginger” family, it also has a ring structure,
and it is speculated that the possible structure was 6-shogaol
(Figure S10).

Due to their phenolic structures in curcumin (Figure S11),
liquid paraffin (Figure S12), and 6-shogaol (Figure S13)
(Zhou et al., 2022), all showed positive results in the lead
tetra acetic acid test.

Only the ointment base control and the TP ointment
yielded a negative result in the horizontal test, indicating the
absence of terpenoids. This is consistent with the fact that
curcumin is composed of curcuminoids (Gonzalez-Sarrias
et al., 2013), which can exist in diketo and enol tautomeric
forms (Figure S14) (Lee et al., 2013).

Based on the above findings, there were two phytochemi-
cal constituents, curcumin and 6-shogaol, in NCP and TP
ointments, respectively.

Determination of UV-Vis Spectroscopy

The UV absorbance spectrum of curcumin standard (10 ppm),
98% NCP extract (10 ppm), and PCLR pieces (40 ppm) all
showed a maximum absorption peak at 425 nm. This wave-
length falls within the blue light region, an important charac-
teristic that may enhance its effectiveness in targeting
pathogenic microorganisms such as S. aureus (Comeau &
Manso, 2023).

Determination of HPLC-DAD

The calibration curve of curcumin standards, 98% NCP, and
PCLR pieces was established. However, for the HPLC-DAD
analysis of PCLR pieces (Figure S15), it was not only the
curcumin (Figure S16) but also the bisdemethoxycurcumin
(BDMC) (Figure S17) and demethoxycurcumin (DMC)
(Figure S18) (Chen et al., 2018) that were compared to the
98% NCP. It contained one shape peak identified as curcumin
(Figure S19).

Based on the HPLC-DAD analysis for 98% NCP and
PCLR pieces, curcumin was identified as a constituent in
both samples (Figure S20).

It also indicated that PCLR pieces are not suitable to make
ointment because the concentration of curcumin was not high
enough, which also consisted of the other two curcuminoids,
including BDMC and DMC. Meanwhile, the antioxidant effi-
cacy of curcumin was better than that of both BDMC and
DMC (Jayaprakasha et al., 2006).

The calculations for the concentration of 1%, 3%, and 5%
NCP ointments cannot be directly based on the standard curve
(Figure S21): y = 102.51x — 53.651, as the range of concen-
trations and their corresponding peak areas were too large for
accurate interpolation.

These data points did not fall within the linear range of the
calibration curve, but it was shown a trend for the peak area,
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which was double increased for each point of concentration,
therefore, the peak area (mAU*s) of concentration (ppm)
from 2.5 to 0.078 was estimated and divided by half starting
from the above standard curve at concentration 5 ppm with
466.35413 peak area.

The standard curve (Figure S22) calculation: y = 93.271 x
—0.0019, from 0.078 to 2.5 ppm.

Based on the standard curve calculations, 1%, 3%, and 5%
of NCP ointments were near the expected percentage concen-
trations (Table 7), confirmed by the HPLC-DAD analysis
(Figures S23-S26).

The TP ointment did not contain any curcumin, which was
identified by the HPLC-DAD analysis (Figure S27). As dis-
cussed above in determining phytochem constituents, TP
ointment may belong to 6-shogaol (Comeau & Manso, 2023).

Preparation of NCP Ointments

To prepare the NCP ointments, the calculations in Table 4
were followed. 1%, 3%, and 5% NCP and TP ointments were
further confirmed by the HPLC-MS analysis (Figures S27—
S31) compared with the 10 ppm curcumin standard (Figure
S32). From the results, it was identified that 1%, 3%, and 5%
NCP consisted of the active ingredient, “curcumin” (MS
369.1), however, TP ointment did not have, with the 2-pan-
adol (MS 223.1) only, because of the 6-shogaol dehydration
by acetic acid in the HPLC mobile phase.

Based on the previous studies, the reason for making 1%,
3%, and 5% curcumin ingredients from 0.5% to 1% in topical
treatments was significant positive results for skin, mucosae,
cancerous lesions, and psoriasis. 3% of curcumin topical
dosage also significantly improved the anti-inflammatory
responses (Frei et al., 2023). 5% of curcumin topical cleans-
ing wash demonstrated better performance on wound healing
(Haesler et al., 2022). However, if the dose of curcumin were

Table 7. 1%, 3%, and 5% of NCP Ointments.

higher than 5%, the effectiveness would be decreased (Di
Lorenzo et al., 2023). Thus, the concentration of curcumin in
the ointments would be designed for 1%, 3%, and 5% to
develop significant antioxidant and anti-bacterial ointments.

Antioxidant Test (DPPH Assay)

Due to their curcumin content, 1%, 3%, and 5% NCP oint-
ments possessed strong antioxidant properties. Curcumin is
an antioxidant that can prevent lipid peroxidation and
decrease mitochondrial determinations through oxygen con-
sumption, the activity of aconitase and antioxidant enzymes,
GSH content, membrane potential, calcium retention, and
ATP content (Molina-Jijéon et al., 2011). The antioxidant
property of 5% NCP ointment was twice that of the TP oint-
ment because it did not contain curcumin.

Biological Experiments
Agar Plate-Anti-bacterial Property

1%, 3%, and 5% NCP ointments inhibited the growth of S.
aureus with an inhibition percentage of 76.07%, 79.59%, and
87.29%, which was higher than the ethanol at 45.59% and the
ointment alone at 63.79% (Table 8).

The 5% NCP ointment possessed stronger anti-bacterial
properties, reducing S. aureus by more than 47.20% com-
pared to 1% NCP ointment. It also decreased the S. aureus to
37.73% in contrast to 3% NCP ointment. Compared to 3%
and 1% NCP ointment, 3% NCP ointment decreased S. aureus
to 14.69% (Table 9).

As the NCP ointments contained curcumin, this compound
is an anti-bacterial agent that may bind to FtsZ proteins to
suppress the assembly of FtsZ protofilaments. This binding
prevented the formation of the Z-ring, leading to inhibition of
cytokinesis and bacterial proliferation (Rai et al., 2008).

Expected Curcumin Ointment Concentration (%)
Peak area (mAU*s)

Calculated curcumin ointment concentration (%)

1% 3% 5%
7.64614 24.47472 49.97375
0.008 (~1%) 0.026 (~3%) 0.054 (~5%)

Note: NCP: Natural curcumin extract powder.

Table 8. Inhibition Percentage (%) of Different Ointments.

Average of CFU with Standard

Deviation Inhibition Percentage (%)

(a) S. aureus (control)

(b) S. aureus and ethanol (control)

c) S. aureus and ointment without ethanol (control)
d) S. aureus and 1% NCP ointment

(
(
(e) S. aureus and 3% NCP ointment
(f) S. aureus and 5% NCP ointment
(

g) S. aureus and TP ointment

692.33 + 30.50 -

376.67 + 44.06 45.59
250.67 + 43.59 63.79
165.67 £ 4.04 76.07
141.33 £5.51 79.59
88.00 + 9.85 87.29
4.00 + 1.00 99.42

Note: NCP: Natural curcumin extract powder.
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Table 9. Inhibition Percentage (%) for Different Ointments.

Comparison of the
Inhibition Percentage (%)

5% NCP versus |% NCP ointment 47.20
5% NCP versus 3% NCP ointment 37.73
3% NCP versus |% NCP ointment 14.69

Note: NCP: Natural curcumin extract powder.

Curcumin also inhibited the mecA gene transcription, causing
reduced expression of PBP2a proteins. This MRSA was sen-
sitive to the anti-bacterial action of B-lactam antibiotics (Rai
et al., 2008). The binding between curcumin and peptidogly-
can on the S. aureus cell wall triggered damage to the cell
wall and membrane, leading to cell lysis of S. aureus (Tyagi
etal., 2015).

TP ointment had the strongest anti-bacterial properties, but
this is not associated with curcumin. Probably, it inhibited or
killed the S. aureus by the other components, such as phenoxy-
ethanol. Phenoxyethanol is an alcohol ingredient with a rapid
bactericidal effect, achieving a 99.9% kill rate in 5 min at a
concentration of 1% (w/v) (Wilson et al., 1990). Since the
1%, 3%, and 5% NCP ointments did not contain alcohol
ingredients, their anti-bacterial properties were lower than
those of the TP ointment, as NCP ointments focused on
“organic” and “natural” production.

Conclusion

1%, 3%, and 5% NCP ointments have been successfully
developed, and the presence of the active ingredient “cur-
cumin” was confirmed by the UV-vis, HPLC-DAD, and
HPLC-MS analysis. These ointments demonstrated both anti-
oxidant and anti-bacterial properties. The 5% NCP ointments
have higher antioxidants but lower anti-bacterial properties
than TP ointments, as their active ingredients and compo-
nents differ. TP ointment is an alcohol-based, chemically syn-
thesized product, whereas the NCP ointments are “organic,”
“natural,” and consist of an active ingredient, “curcumin,”
which possesses the same skin care functions concerning the
targets of this research project.

Future Aspects

Curcumin is a well-known food and TCM substance, exem-
plifying the concept of food and medicine homology. This
research project is just a starting milestone for marking oint-
ment with antioxidant and anti-bacterial properties on the
skin. Furthermore, it is beneficial to have an “organic” and
“natural” ointment for skincare. However, much more work
is needed, especially for safety assessments, such as clinical
studies on human skin.

Abbreviations

HPLC-DAD: High-performance liquid chromatography-diode array
detector; HPLC-MS: High-performance liquid chromatography-
mass spectrometry; NCP: Natural curcumin extract powder; S.
aureus: Staphylococcus aureus; TCM: Traditional Chinese
medicine; UV—vis: Ultraviolet—visible.
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