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ABSTRACT

This study aimed to verify the potential of maqui berry extract as natural product in the pigment of semi-
permanent cosmetics. ICP-MS and ICP-OES were performed for analysing heavy metal and potassium contents,
respectively. The pigskin-adherence capacity was measured to identify skin-adherence stability; the cytotoxicity
was tested via the MTT assay, and the dispersibility and stability of the pigment were analysed. The maqui berry
extract mixtures insignificantly varied in L*, a*, and b* from the stock solution for samples with up to 50%
maqui berry extract. The pigskin to which the 10-50% maqui berry extract-mixed samples were applied
exhibited similar L* and a* to the pigment stock solution, but exhibited lower b*. The ICP-MS result showed
that the sample containing 50% maqui berry extract had more than 50% reduced levels of heavy metals (Cd, Cr,
As, Pb, and V). In optical microscopy, the dispersed state was stable for the samples with maqui berry extract
70%, whereas those containing 90% extract had an unstable dispersion state. The MTT assay showed 80% or
higher cell viability of up to 5 pg/mL. After using maqui berry extract-mixed samples, the pigskin
insignificantly varied in terms of L*, a* and b* from those of the pigment stock solution.

Keywords: Semi-permanent makeup, Maqui berry, Heavy metal, Pigment, Antioxidant capacity, Natural
extracts.

1. INTRODUCTION
Makeup can be quickly applied using semi-permanent cosmetics, ensuring convenience, utility, and aesthetics to
customers [1]. Further, there is an increased emphasis on creating a favourable impression, as well as pressure to
follow trends popular in social networking culture, as people increasingly share their daily life online. As a
result, the demand for semi-permanent cosmetics is rapidly increasing [2]. In addition, the obligation to wear
masks, as per national policy, in response to the persistent COVID-19 (coronavirus disease) pandemic has
further increased the interest in semi-permanent cosmetics than that in non-permanent cosmetics [3].

Semi-permanent cosmetics is a technique of injecting micro-pigments between the basal and granular layers of
the skin epidermis. The basic principle is the natural discoloration by the desquamation of cells through skin
turnover [2]. In contrast to tattooing, where pigments are permanently injected into the dermal layer [4], the
injection of pigments reaches only up to the granular layer of the epidermis in semi-permanent cosmetics such
that the retention time, for example, in the case of eyebrows is one to three years and not permanent [5]. Thus,
convenience and natural retention of semi-permanent cosmetics has attracted a large population of consumers
[2]. Nevertheless, pigment blurring, fading, and the variations in light and shade have induced consumer
dissatisfaction [6]. In particular, heavy metals (Cd, Cr, As, Pb, and V) in the pigment dye have high probability
of causing skin-related issues such as skin cancer [7]. The procedure-related after-effects reportedly include
allergic reactions due to incorrect procedures and keloid-scar formation caused by the overproliferation of
collagenous fibres [6]. Hence, expert personnel and the stability of the dye are critical in semi-permanent
cosmetic procedures [8]. However, an in-depth analysis of the pigmentation that contributes to the long-lasting
effect of semi-permanent cosmetics or an ink-composition analysis of heavy metals as per the expert personnel,
ink quality, and pigment injection depth in the skin are lacking [6].
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The Ministry of Environment classified cosmetic tattoo dyes as a product with risk concern as per the
Registration and Evaluation of Chemical Substances Act on 26 June 2015, which was followed by the
announcement of an implementation of safety criteria on 26 September 2015. This prohibits the use of such
products or limits their content [7]. The 2016 survey of the current status of safety conducted by the Korea
Consumer Agency revealed that heavy metals above the safety criteria were detected in 12 out of the 25
commercial semi-permanent cosmetic tattoo dyes (48.0%) [8]. Hence, a complementary measure is required
because using such dyes and pigments can increase the risk of exposure to hazardous chemical substances [7].
Previous studies on pigments in semi-permanent cosmetics include a heavy metal analysis on the dyes and
pigments used in cosmetic tattoos [7], composition analysis of the brown-ink pigment used in semi-permanent
cosmetics [6], sensory analysis of the semi-permanent eyebrow product in varying pH [9], and water-base
pigmentation analysis according to the treatment after applying semi-permanent cosmetics [2]; the scope is
limited pigments in semi-permanent cosmetics.

Compared to many other natural extracts, maqui berry extract has been reported to exhibit outstanding
antioxidant, antibacterial, anti-inflammation, and anti-ageing effects with high contents of polyphenols,
flavonoids, anthocyanins, pigments, organic acids, and tannins [10]. Thus, this study aimed to verify the
potential application of maqui berry in semi-permanent cosmetics, by reducing the hazardous components such
as heavy metals in the pigments to enhance the safety of such products. This study investigated the feasibility of
semi-permanent cosmetic pigment mixed with maqui berry extracts as a natural product, for which mixtures of
semi-permanent pigment and natural maqui berry extracts were fabricated in varying ratios, and the pigment
dispersibility and stability were assed.

2. MATERIALS AND METHODS

Materials
Freeze-dried maqui berry powder (imported from Chile by Sungpoong Co., Ltd., Anseong-si, South Korea) was
used in this study. For the semi-permanent cosmetic pigment, product No. 12 (P2, Gimhae-si, South Korea) was
purchased.

Maqui berry extraction

To prepare maqui berry extracts, 200 g of maqui berry powder and 1 L of 80% ethanol were mixed, sealed, and
kept at room temperature (15°C~20°C) for 24 h for immersion extraction. The extracted solution was then
placed in a water bath for vacuum evaporation at 40 °C using a rotary vacuum evaporator (EYELA, N-1300,
Shanghai Eyela Co., China). The enriched product was stored at 4 °C.

Antioxidant activity of maqui berry extract

For the reference DPPH (2,2-dipheny-1-picryhydrazyl) sample, DPPH powder (free radical; 95%) purchased
from Alfa Aesar was used. For the analysis, maqui berry extract was diluted in ethanol at 0, 0.05, 0.1, 0.2, 0.3,
and 0.4 mg/mL, which was added to 0.12 mM DPPH solution prepared in methanol. The control group was
ascorbic acid; 100 pL extract of each concentration (0, 5, 10, 12.5, 25, and 50 uL/mL) was mixed with 900 pL
of DPPH solution, and the mixture was left to react in a dark room for 30 min. After the reaction, the absorbance
was measured at 517 nm by UV-Vis(Ultraviolet-visible spectroscopy). The inhibition rate (IR) for the DPPH-
scavenging activity was calculated using the following equation:

Inhibition%=Abscontrol-AbssampleAbscontrolx100
(AstampIe = AbStes— Abscolour)

Antibacterial activity of maqui berry extract

Bacterial strains of S. aureus (NA medium, 36 °C), P. aeruginosa (NA medium, 36 °C), E. coli (NA medium, 36
°C), C. albicans (PDA medium, 30 °C), S. epidermidis (NA medium, 36 °C), and P. acnes (TSA medium, 36
°C) were cultured and used for measuring the antibacterial activity of the maqui berry extract. In the preculture,
the bacterial strain stored in the cell stock was spread on a solid medium and placed in an incubator for 18 h.
Subsequently, 3 mL of a suitable liquid medium for each strain was placed in a test tube. One colony from each
cultured bacteria was collected, inoculated in a test tube, and subcultured for 18 h in an incubator before the
main experiment. A paper disc (9 mm) for antibacterial activity was used, with the samples being treated at 40
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pL. Next, 100 pL of each strain subcultured in the liquid medium was spread on a suitable solid medium, and
the paper disc with 40 pL of absorbed extract was used for a 24-h culture in the incubator at 37 °C. The clear
zones (mm) around the paper disc were then counted to comparatively analyse the antibacterial activity.

Cytotoxicity assay of maqui berry extract

To perform the cytotoxicity assay, the cells of the CCD-986SK (ATCCC CRT-1947) cell line were suspended in
a freezing medium, and 1 mL of the extract was aliquoted. After freeze-drying, the mixture was transferred into
a liquid nitrogen container for storage. The culture condition was a 5% CO: incubator at (37 + 1) °C. The test
material was diluted to five concentration levels (0.01, 0.1, 0.5, 1, and 5 pg/mL). The cells were aliquoted in a
96-well plate at 1 x 10* (200 pL/well) and cultured for 24 h in a 37 °C, 5% CO: incubator. After the replacement
with serum-free medium containing varying concentrations of the test material, the cells were cultured for 24 h
in a 37 °C, 5% CO: incubator. The MTT (3-(4, 5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium bromide)
solution was aliquoted at 200 pL/well for a 2-h culture in a 37 °C, 5% CO: incubator. Next, the medium was
removed, and the DMSO (dimethyl sulfoxide) solution was applied at 150 pL/well. The extraction proceeded
for 20 min on a plate shaker, and the absorbance was measured at 540 nm through ELISA. The cell viability of
the maqui berry extract was calculated using the equation below.

Cell Viability%=Sample solution 0.DNegative Control 0.Dx100

Inhibition of intracellular collagenase activity by maqui berry extract

To assess the collagenase activity of maqui berry extract, the test material was diluted to 0.5, 1, and 5 pg/mL,
aliquoted in a 60-mm plate at 1 x 10* (5 mL/plate), and cultured for 24 h in a 37 °C, 5% CO: incubator. The
medium was removed, and the cells were washed with phosphate buffered saline (PBS). After adding 2 mL of
PBS, irradiation by 10 mJ of UVB (312 nm) was performed. Following the replacement with serum-free
medium containing the test material and positive control, the cells were cultured for 24 h in a 37 °C, 5% CO:
incubator. The BCA (bicinchoninic acid) protein assay reagent kit (Pierce, Thermo Scientific, USA) was applied
to the retrieved cell-culture solution, and the protein content was measured using the BSA (bovine serum
albumin) standard curve. Subsequently, the Human MMP-1 ELISA Kit (Sigma-Aldrich, Missouri, USA) was
applied to the retrieved cell-culture solution, and the collagenase content was measured using the respective
standard curve. The intracellular collagenase content was then converted to the collagenase content by the
protein content using the following equation:

Intracellular  collagenase content %=sample group collagenase/proteinnon-sample group
(collagenase/protein, Conttrol)x100

Preparation of maqui berry extract-mixed samples

To prepare the maqui berry extract-mixed samples, semi-permanent cosmetic pigment No. 12 was used, and the
pH and conductivity were set to 5.33 and 22.67 us/cm. The pH and conductivity of the 80% maqui berry
immersion extract was 3.95 and 206 ps/cm, respectively. The stock solution of the semi-permanent cosmetic
pigment (MO (0%)), the five different maqui berry extract mixtures (M1 (10%), M2 (25%), M3 (50%), M4
(70%), and M5 (90%)), and the solution of the maqui berry extract (M6 (100%)) were prepared in each
respective mixing, ratio as shown in Table 1. Samples M1-M5 were prepared by dispersion for 30 min at 100
rpm for 30 min. The concentration ratio of each maqui berry extract mixtures is shown in Table 1.

Table 1. Concentration of maqui berry extract-mixed samples

N Ratio . Maqui berry extract Total
Pigment
0. | (%) gment (9) | (q) (0)
. Mo 2.50 0.00 2.50
. M 10 2.25 0.25 2.50
2 M 25 1.88 0.62 2.50
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3 M 50 1.25 1.25 2.50
LV fors 175 2.50
5 M 90 0.25 2.25 2.50
M
6 100 0.00 2.50 2.50

Colorimetric analysis of maqui berry extract-mixed

To measure the colour change in the pigments of maqui berry extract-mixed samples, a 3R needle cartridge
(Dongbang Medical, Seongnam, Korea) was applied to the digital machine used in semi-permanent cosmetic
procedures (CF, Co., Ltd., Seoul, Korea; rated voltage AC 100-240 V, 50/60 Hz, 0.3A). With the injection of
colour, the M0-M6 samples on a rubber board (semi-permanent rubber board, BM, Pyeongtaek, Korea) and the
pigskin (Micro pig FCM, APURES Co., Ltd, Korea) were examined through colorimetry (CR-400, Konica
Minolta, Tokyo, Japan) for comparative analysis. The mean of the triplicate measurements was obtained to
maximise the accuracy. The measured values were expressed as L* (lightness), a* (redness), and b*
(yellowness), and the colour difference from the stock solution of semi-permanent cosmetic pigment was
analysed based on 4E",, calculated using the equation below.

AE*ab = L*2-L*12 +a*2-a*12 +b*2-b*12

AL"(L" sample - L" standard) = difference in lightness and darkness (+ = lighter, - =darker)
Aa*(L" sample - a" standard) = difference in red and green (+ = redder, - =greener)
Ab”"(L" sample - b* standard) = difference in yellow and blue (+ = yellower, - =bluer)

Colour change in maqui berry extract-mixed samples over time

Samples M0-M6 were applied to a rubber board at 50 °C to measure the colour change in the maqui berry
extract mixtures over time. The colour after one, two, and three months was measured by colorimetry, and the
mean of the triplicate measurements was obtained to maximise the accuracy. The measured values were
expressed as L* (lightness), a* (redness), and b* (yellowness), and the colour difference from the stock solution
of the semi-permanent cosmetic pigment was analysed based on 4Ezp,.

Heavy metal and mineral contents in maqui berry extract-mixed samples

ICP-MS (inductively coupled plasma mass spectroscopy, Agilent, 7900, USA) and ICP-OES (inductively
coupled plasma-optical emission spectrometry, Agilent, 5100, USA) analyses were performed to determine the
contents of heavy metals and minerals. First, microwave digestion was performed as pretreatment to dissolve the
heavy metals. For this step, 0.2 g of sample, 6 mL of HNOs, and 1 mL of H,O, were mixed, with the final
volume up to 50 mL. Next, the digested products at minimum amounts were concentrated via volatilisation, and
then diluted with water to prepare the test solution; the nitrogen concentration of the final test solution was set to
10% or below. The standard calibration curve was plotted using the ICP standard solution, and 10 g of the
pretreated sample was applied after checking the linearity (r > 0.999). For As, Cd, Cr, Pb, and V that are
categorised as heavy metals and predicted to be at a relatively low concentration, ICP-MS was used to allow
more precise ppt or ppb unit analyses of samples with a concentration of 0.1 ppm or below. In addition, CP-
OED was used for determining the content of minerals such as K.

Dispersion stability of maqui berry extract-mixed samples

For testing the stability and dispersibility of maqui-berry-mixed extracts, optical microscopy (OM) was
performed at 100x and 400x for samples M0-M6.

Cytotoxicity assay on maqui berry extract-mixed samples
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To test the cytotoxicity of maqui berry extract mixtures, 50% maqui berry extract-mixed (M3) sample was
applied to the cells of the CCD-986SK (ATCCCCRT-1947) cell line suspended in a freezing medium.
Subsequently, 1 mL of this solution was aliquoted, freeze-dried, and transferred into a liquid nitrogen container
for storage. The culture condition was a 5% CO: incubator at (37 + 1) °C. The test material was diluted to five
concentration levels (0.01, 0.1, 0.5, 1, and 5 pg/mL). The cells were aliquoted in a 96-well plate at 1 x 10* (200
pL/well) and cultured for 24 h in a 37 °C, 5% CO: incubator. Following the replacement with serum-free
medium containing varying concentrations of the test material, the cells were cultured for 24 h in a 37 °C, 5%
CO: incubator. After washing two times with PBS, the MTT solution (5 mg/mL, serum-free medium) was
aliquoted at 200 pL/well and cultured for 2 h in a 37 °C, 5% COs: incubator. The medium was removed at the
end of incubation, and the DMSO solution was applied at 200 pL/well. The extraction proceeded for 20 min on
a plate shaker, and the absorbance was measured at 570 nm through ELISA. The cell viability for maqui berry
extract-mixed samples was calculated using the following equation:

Cell Viability%=Sample solution 0.DNegative Control 0.Dx100

Pigskin pigment-adherence test on maqui berry extract-mixed samples

For testing the pigskin pigment-adherence capacity of the maqui berry extract-mixed samples, the colour change
in the pigskin for samples M0-M6 was measured through colorimetry for comparative analysis. To determine
the level of pigment adherence, a 3R needle cartridge was applied to the digital machine used in semi-permanent
cosmetic procedures, and the maqui berry extract-mixed samples at different concentrations were injected into
the pigskin for 1 min at 1,300 rpm. A cotton ball with foam cleanser was applied to rub it with a finger at
constant pressure 10 times each, followed by a cotton ball soaked in distilled water 10 times each, during which
time the colorimetry measurements were conducted. The mean of the triplicate measurements was obtained to
maximise the accuracy. The colour difference from the stock solution of the semi-permanent cosmetic pigment
was analysed based on AE"p,.

3. RESULTS AND DISCUSSION

Antioxidant activity of maqui berry extract

Maqui berry extract reportedly exhibits an outstanding antioxidant activity and can be used as a new and
functional material in foods and other products as an antioxidant [14, 15]. The antioxidant activity of the maqui
berry immersion extract revealed that the 1Cso of maqui berry extract (immersed in 80% ethanol) was 2.55,
indicating good antioxidant activity, compared to the ICso of the control ascorbic acid at 1.86. Although the
effects were slightly lower than those of ascorbic acid, the maqui berry extract exhibited a high level of
antioxidant capacity in a concentration-dependent manner. Figure 1 illustrates the graph comparing the
antioxidant activities of the maqui berry extract and ascorbic acid.

Antibacterial activity of maqui berry extract

The antibacterial activity test of the maqui berry extract revealed a high level of antibacterial activity against S.
aureus, E. coli, P. aeruginosa, S. epidermidis, and P. acnes, with clear zones of 30 mm or above (Figure 2);
however, this was not the case against C. albicans.

S. aureus C. albicans E. coli P. aeruginosa | S.epidermidis P. acnes
Pape
r
disc
Clear
zone 40 pL-36 ND 40 pL-33.5 40 pL-30 40 pL-32 40 pL-29
(mm)

Cytotoxicity assay of maqui berry extract
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The MTT assay of maqui berry extract showed cell viability of 95.9 + 4.40, 99.6 + 2.70, 99.2 + 3.20, 99.7 £
2.40, and 104 + 4.50% for the cells treated with the extract at 0.01, 0.1, 0.5, 1, and 5 pg/mL, respecitvely. This
result indicated that the maqui berry extract exhibited 90% or higher cell viability at a concentration of up to 5
pg/mL. Figure 3 illustrates the MTT assay result.

Inhibition of intracellular collagenase activity by maqui berry extract

The assessment of collagenase inhibition by maqui berry extract showed that the inhibition rate was 98.4 + 3.80,
88.7 £ 2.10, and 86.1 = 4.00% at 0.5, 1, and 5 pg/mL of maqui berry extract, respectively. The highest rate of
86.1 £ 4.00% was observed in the test material treated with 5 pg/mL of maqui berry extract. In addition,
compared to the control, treatment with 100 pg/mL of adenosine (positive control) led to 81.1 £ 1.60%
inhibition of intracellular collagenase activity, indicating that the maqui berry extract can exhibit an anti-wrinkle
effect. Figure 4 shows the effect of the maqui berry extract on intracellular collagenase inhibition.

Colorimetric analysis on maqui berry extract-mixed samples

Figure 5 shows the result of colour analysis conducted for each ratio of maqui berry extract-mixed samples. No
significant difference was observed in the appearance for samples M0O-M4. Notably, while the samples on the
rubber board did not show a significant difference up to sample M5, a purplish hue was observed on the pigskin
for sample M5. The colorimetry results shown in Figures 6 and 7 indicated that the L*, a*, and b* values were
similar for M1-M3, whereas the MO stock solution showed no significant difference. In addition, L* and a* for
the pigskin applied with M0-M3 samples did not vary significantly, although a decreasing trend in b* was
observed (Figures 8 and 9). This is presumed to be due to the - value of b* measured for 100% maqui berry
extract, with a higher level of added extract leading to lower b* value.

Sampl

es MO M1 M2 M3 M4 M5 M6

Rubber
board

Micro
pig

Figure 5. A comparison of adherence capacity exhibited by ratio of maqui berry extract-mixed samples
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Figure 6. Result of colour difference analysis of maqui berry extract-mixed samples
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Figure 7. AE™a analysis results of maqui berry extract

The analysis of 4E"3 against the stock solution of the semi-permanent cosmetic pigment revealed that the
values for M1-M6 were 0.21, 0.95, 2.87, 4.98, 6.07, and 16.8, respectively (Figure 7). Thus, the values 10.0 or
above were obtained for the 100% maqui berry extract and 6.0 or below for M1-M5. However, the values were
uniformly 10.0 or below for M1-M6 on the rubber board, which suggests its potential use as a pigment in semi-
permanent cosmetics.
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Figure 8. Results of the colorimetric analysis of the pigskin applied with maqui berry extract-mixed samples
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Figure 9. AE" analysis result for pigskin with maqui berry extract

AE" 3 analysis of the maqui berry extract-mixed samples on the surface of the pigskin showed that the values for
M1-M6 were 2.31, 4.62, 6.07, 10.6, 16.5, and 17.7, respectively (Figure 9), indicating 10.0 or below. Thus, the
stability of the maqui berry extract-mixed samples can be maintained up to M3 (50%), which can be used as a
pigment in semi-permanent cosmetics.
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Colour changes in maqui berry extract-mixed samples
The colour changes in the maqui berry extract-mixed samples were evaluated over time (Figure 10). No
significant difference was observed between M1-M4 and the MO stock solution. The colorimetry results shown
in Figure 11 indicate that the L*, a* and b* values of M1-M3 did not significantly vary from MO.

Sample

s MO M1 M2 M3 M4 M5 M6

Rubber
board

After
3
months

Figure 10. A comparison of colour changes of maqui berry extract-mixed samples observed over time.
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Figure 11. Results of colour difference analysis over time for maqui berry extract-mixed samples.
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Figure 12. Colour change AE"a analysis results over time of maqui berry extract-mixed samples.

AE" 4, analysis for the maqui berry extract-mixed samples over time (up to three months) showed that the values
of M1-M6 were 2.75, 2.88, 2.38, 5.11, 7.66, and 22.1, respectively, indicating 3.00 or below for samples up to
M3. Thus, even with time, the stability of maqui berry extract-mixed samples with respect to skin-surface
adherence was be maintained without a significant difference from the stock solution of the semi-permanent
pigment.
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Heavy metal and potassium contents in maqui berry extract-mixed samples
The ICP-OES and ICP-MS results of maqui berry extract-mixed samples showed that the levels of heavy metals,
Cd, Cr, As, Pb, and V, decreased by 50% or more for samples M1-M3 with 50% maqui berry extract, whereas
the K content increased with the increasing amount of maqui berry extract. This is due to the abundance of K in
100% maqui berry extract. The ICP-OES and ICP-MS results for heavy metals and K are illustrated in Figures
13 and 14, respectively.

Dispersion stability of maqui berry extract-mixed samples
In OM of maqui berry extract-mixed samples (Figure 15), a stable dispersion state was observed for samples
M1-M4 with up to 70% maqui berry extract, whereas samples M5 and M6 exhibited an unstable state.
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Figure 15. OM analysis of maqui berry extract-mixed samples

Cytotoxicity assay of maqui berry extract-mixed samples

The MTT assay of the 50% maqui berry extract-mixed sample (M3) demonstrated cell viabilities of 97.4 + 1.00,
98.5 £ 0.60, 94.6 + 1.30, 89.8 £ 1.40, and 88.7 + 1.70% at the test material concentration of 0.01, 0.1, 0.5, 1, and
5 pg/mL, respectively (Figure 16). Thus, 80% or higher cell viability was confirmed for up to 5 pg/mL
concentration of the M3 sample.

Pigskin pigment-adherence capacity of maqui berry extract-mixed samples
The pigment-adherence capacity of maqui berry extract-mixed samples on the pigskin (Figure 17) indicated that
the L*, a* and b* values did not vary significantly for all samples from the stock solution.
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Figure 17. Results of pigment-adherence capacity of maqui berry extract-mixed extract samples on the pick skin.
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Figure 18. AE"apanalysis for determining the pigment-adherence capacity of the maqui berry extract-mixed samples
on the pigskin

In the case of 4E"4 analysis of the maqui berry extract-mixed extracts regarding the pigment-adherence capacity
on the pigskin (Figure 18), the values of M1-M6 were 3.52, 2.75, 4.40, 7.41, 10.3, and 15.1, respectively,
indicating 5.00 or less up to M3. Even after rubbing using constant pressure with a cotton ball soaked in foam
cleanser for 10 min, and then with a cotton ball soaked in distilled water, the pigment-adherence capacity on the
pigskin remained highly similar to that of the pigment stock solution for maqui berry extract-mixed samples,
without significant differences in the L*, a*, and b* values. Thus, the results indicated that the stability of maqui
berry extract-mixed samples with respect to the adherence to the surface of the skin can be maintained.

4, CONCLUSION
In this study, an inorganic dye pigment was mixed with varying concentrations of natural extract of maqui berry
to verify the potential use of natural pigments in semi-permanent cosmetics that are safe and stable, considering
the adverse effects on the skin and the risk of heavy metals associated with semi-permanent cosmetics.

With the confirmed antioxidant and antibacterial capacities, collagenase inhibition activity, and the lack of
cytotoxicity, the maqui berry extract was mixed with the stock solution of the semi-permanent cosmetic pigment
for subsequent analyses. The colorimetric analysis results showed no significant difference between the stock
solution sample and the maqui berry extract-mixed samples 10-50%. Similarly, the colour of the pigskin showed
no significant difference in L* and a* between the stock solution of the pigment and the 10-50% solutions,
although a decreasing trend in b* was observed. The analysis of colour change in maqui berry extract-mixed
samples over time showed that the colorimetric values were similar for the stock solution and samples 10-50%
with respect to the L*, a*, and b* values. The ICP-MS analysis revealed that, compared to semi-permanent
cosmetic pigments, the level of heavy metals in samples 10-50% was reduced by 50% or more, thereby
verifying their potential safety for use as natural pigment products. In addition, the ICP-OES analysis indicated
that the content of the mineral K increased as the concentration of the maqui berry extract increased. The OM
analysis demonstrated that the dispersion was stable in samples 70%, while the samples of 90% or higher
concentration displayed an unstable state. The MTT assay demonstrated 80% or higher cell viability at
concentrations up to 5 pg/mL for 50%. For the pigment-adherence capacity on the pigskin, no significant
difference in L*, a*, and b* from the stock solution was found for the extract-mixed samples, suggesting the
stable skin adherence of maqui berry extract-mixed samples upon use. Thus, the mixture of a semi-permanent
cosmetic pigment and maqui berry extract in this study did not vary notably in colour from the pigment stock
solution, while the heavy metal content significantly decreased and the mineral K content increased.

The findings in this study suggest that the semi-permanent cosmetic pigment mixed with maqui berry natural
extract can be used as a safer natural product than conventional pigment products. The results are also
anticipated to serve as reference data in applied research on cosmetic pigments using various functional natural
extracts.

http: // www.ijesrt.com®© International Journal of Engineering Sciences & Research Technology

[27]

IJESRT is licensed under a Creative Commons Attribution 4.0 International License.



http://www.ijesrt.com/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

THOMSON REUTERS

ISSN: 2277-9655

[Raoul et al., 11(11): November, 2022] Impact Factor: 5.164
IC™ Value: 3.00 CODEN: IJESS7

5. ACKNOWLEDGEMENTS
This work is supported by the National Research Foundation of Korea (NRF-2020R1F1A1074571) and
Innopolis Foundation (2021-1T-RD-0258)

REFERENCES

[1].
[2].

[3].

[4].
[5].

[6].

[71
[8].

[9].

[10].
[11].
[12].

[13].

[14].

[15].

[16].

S. N. Hong, “Effects of Semi-permanent Make-up Image Effects on the Word of Mouth Intention and
Repurchase”, Journal of Investigative Cosmetology, Vol. 13, Issue 3, pp. 276-286, 2017.

S. M. Kwon, “A Study on Waterbase Pigmentation Level According to Post-treatment Method of
Semi-permanent Makeup”, Journal of the Korean Society for Cosmetics and Beauty, Vol. 11, Issue 3,
pp. 475-484, 2021.

E. Y. Jung, J. H. Jhoun, J. Kim, “A Study on Recognition of Image Change by Semi-permanent
Makeup Re-operation”, Korean Journal of Semi-Permanent Cosmetic Society, Vol. 1, Issue 2, pp. 1-
12, 2020.

J. H. Gu, K. E. Kim, “The Analysis of Semi-Permanent Make-up Study Trend”, Korean Journal of
Semi-Permanent Cosmetic Society, Vol. 27, Issue 1, pp. 12-20, 2021.

Y. J. Jung, J. H. Lee, “A Study on the Educational Satisfaction of Private Certificates for and the
Regular Education of Semi-permanent Make-up”, Journal of the Korea Society of Beauty and Art,
Vol. 18, Issue 2, pp. 169-181, 2017.

H. S. Jin, S. R. Kim, M. K. Bok, B. S. Chang, “Constituent Element Analysis of Brown Color Ink
Pigments in Semi-Permanent Makeup”, Journal of the Korean Society for Cosmetics and Beauty, Vol.
17, Issue 2, pp. 137-141, 2021.

M. R. Jeong, H. S. Lee, J. Y. Lee, S. H. Lee, “Analysis of Heavy Metals in Dyes and Pigments Used
in Make-up Tattoo”, Journal of the Korea Convergence Society, Vol. 9, Issue 4, pp. 321-329, 2018.

J. H. Gu, K. E. Kim, “A Study on the Safety Management Educational Plan for Hazardous Chemicals
in Semi-Permanent Make-up Dyes”, Journal of the Korea Society of Beauty and Art, Vol. 22, Issue 4,
pp. 21-39, 2021.

S. M. Song, S. J. Yu, J. H. Kim, “Sensory Evaluation of Semi-permanent Eyebrow Cosmetics
Depending on Different pH Levels”, Asian Journal of Beauty and Cosmetology, Vol. 17, Issue 2, pp.
179-185, 2019.

M. J. Kin, S. Y. Park, “Potential Uses of Aristotelia chilensis Extracts as Novel Cosmetic Materials”,
Journal of the Korean Society of Applied Biochemistry, Vol. 62, Issue 4, pp. 339-345, 2019.

N. S. Cho, H. J. Chung, “Quality Characteristics and Antioxidant Activity of Sulgidduk Added with
Magquiberry Powder”, Korean Journal of Food Preservation, Vol. 23, Issue 7, pp. 945-952, 2016.

W. G. Lee, “Quality Characteristics and Antioxidant Activity of Yogurt Dressing Containing Maqui-
Berry Powder”, Culinary Science & Hospitality Research, Vol. 27, Issue 1, pp. 100-108, 2021.

H. J. Chung, “Comparison of Bioactive Constituents and Biological Activities of Aronia,
Blackcurrant, and Maquiberry”, Korean Journal of Food Preservation, Vol. 45, Issue 8, pp. 1122-
1129, 2016.

I. R. Kim, “Antioxidant Constituents and Antioxidant Activities of Aronia and Maquiberry”, Korean
Journal of Food Preservation, Vol. 38, Issue 1, pp. 65-71, 2022.

S. K. Hyun, “Comparison of Antioxidant Activities, Acetylcholinesterase Inhibitory Activities, and
Active Compound Content of Fruits for Developing Substitute Tea Materials”, Journal of the Korean
Tea Society, Vol. 26, Issue 4, pp. 40-47, 2020.

Y. R. Kang, W. J. Kim, “Characterization Natural Chamaecyparis Obtusa Leaf Extract to Remove
Senile Body Odor”, London Journal of Research in Science, Vol. 21, Issue 4, pp. 1-14, 2021.

http: // www.ijesrt.com®© International Journal of Engineering Sciences & Research Technology

28]

IJESRT is licensed under a Creative Commons Attribution 4.0 International License.



http://www.ijesrt.com/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

