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ABSTRACT

Background: Natural and sustainable trends around the world are an inevitable choice for the
cosmetic industry, thus various ingredients including surfactants derived from renewable and
sustainable sources are technically innovative cornerstones, compared with synthetic ones.
Natural products and natural product-based agents have been known to play crucial roles in
many industries including the cosmetic industry. Aim: The primary aim of the present research
is to extract botanical-derived saponins from Pu'er tea (black tea) seeds and investigate their
characteristics, including surface tension reduction, foam power, hard water resistance, Skin/Eye
safety and radical-scavenging ability. Materials and Methods: The safety and irritation potential
of BTS Saponins were assessed using the Reconstructed Human Cornea-like Epithelium Model
and the 3D Reconstructed Human Epidermis Model. This enabled the verification of BTS Saponins'
safety, a necessary condition for their application as a constituent in cosmetics. Furthermore,
the investigation also assessed the capacity of BTS saponins to counteract the DPPH- radical,
thus substantially enhancing their prospective application in the field of cosmetics. Results:
The results clearly demonstrate that BTS saponins possess an exceptional capacity to reduce
surface tension and sustain foam of superior quality. It successfully completed the safety and
irritation potential test, which is a prerequisite for its incorporation as a cosmetic ingredient. The
antioxidant test results also demonstrated that BTS saponins can effectively counteract the DPPH-
radical, thereby significantly increasing their suitability for cosmetic application. Conclusion:
Based on these observations, it appears that BTS saponins have the potential to be an extremely
efficient cleaning element. These findings point out the fact that botanical-based saponins can
be potential alternatives to synthetic surfactants in the cosmetic industry.

Keywords: Botanical Surfactant, BTS Saponins, Surface tension, Foam, Skin/Eye Safety,
Antioxidant.
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A group of chemical substances called saponins are particularly
abundant in a variety of plant species: Sapindus mukorossi,
Sapindus trifoliatus (Saop nuts), Medicago sativa, Cicer
arietinum (chickpeas), Agrostemma githago, Saponaria officinalis
(soapwort), Saponaria vaccaria, Gutierrezia sarothrae, Drymaria
arenaroides, Aesculus hippocastanum, Asparagus officinalis,
Bellis perennis, Q. saponaria (soapbark tree), etc., widely used
in fields of household, food additives, medicine, aquaculture,
health additives and crop planting, etc.,* These compounds are
called amphipathic glycosides. They are characterized by having
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a lipophilic triterpene derivative combined with one or more
hydrophilic glycoside parts. When they are shaken in water, they
produce a foaming effect similar to soap. The global production
of this botanical surfactant increased from 13331.3 MT in 2011
to 14695.5 MT in 2016, with an average growth rate of 1.97%.
This significant increase establishes it as one of the leading
surfactants in terms of surfactivity. The global utilization rate of
saponin capacity remained about at 54.26% in 2016. Based on
the study worldwide saponin market insights and forecast study.?
The global saponin market is projected to grow from US$ 953.9
million in 2019 to US$ 960.7 million by 2026, with a Compound
Annual Growth Rate (CAGR) of 0.1% during the period from
2021 to 2026.

Surfactants, also referred to as surface-active agents, are crucial
components in several industries, such as personal care and
cosmetics.> Amphiphilic compounds possess both hydrophilic
and hydrophobic areas, allowing them to decrease the surface
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tension between liquids and solids. Traditional surfactants are
commonly derived from petrochemical sources, raising concerns
about their possible impact on the environment and human
health.®” Consequently, both the industry and researchers are
actively seeking environmentally acceptable alternatives, such as
surfactants derived from botanical sources. Plant saponins are
natural compounds that possess surfactant properties and can be
found in a diverse range of plant species.*’

In the cosmetics industry, there is a growing global trend towards
finding natural, renewable and sustainable alternative ingredients.
One particular class of surfactants, known as naturally botanical
surfactants, is gaining popularity.>” These surfactants are obtained
directly from plants without any further chemical modification.
It is important for these natural botanical surfactants to not only
be effective in cleaning surfaces but also safe and environmentally
friendly, especially when used in the cosmetic industry. However,
there is limited research on the use and application of botanical
saponins extracted from Pu'er tea seed (BTS Saponins, Figure 1)
in cosmetic products.'®*?

The main objective of this research is to isolate botanical-derived
saponins from Puer tea (black tea) seeds and examine their
properties, such as their ability to reduce surface tension, generate
foam, resist the effects of hard water, ensure safety for the skin
and eyes and scavenge radicals. In addition, we have conducted
an examination of its safety and potential for causing irritation
using the 3D Reconstructed Human Epidermis Model (Episkin®)
and 3D Reconstructed Human Cornea-like Epithelium Model
(BioOcullar®). For an ingredient to be used in cosmetics, safety
is a necessary need. In addition to being one of the tea extracts,
we have examined the skin-care benefits of BTS saponins by
evaluating its ability to remove DPPH.- radicals, excluding its
qualities related to skin washing.

MATERIALS AND METHODS

Sample Preparation

Commercially available Saponins extracted from Puer Tea
Seed (Tawny powder, active 2 95%, Spec-Chem Industry Inc.),
hereafter referred to as BTS saponins. Pre-weighted saponins
were dissolved into water to prepare an aqueous solution at
various concentrations.

The surface tension of the BTS saponins aqueous solution was
measured using an automatic tension meter (JK99M, Powereach
Shanghai) at a temperature of 20+0.5°C.

Surface Tension

The surface tension of the BTS saponins aqueous solution
was measured using an automatic tension meter (JK99M,
Powereach Shanghai) at a temperature of 20+0.5°C. Prior to the
measurements, all samples of the aqueous solution at different
concentrations were kept at a temperature of 20°C. Each aqueous
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solution was measured at least three times and the results reported
are the average values.

Foaming Power

To achieve a testing solution with a concentration of 2.5 ug/mL of
BTS saponins, pre-weighed BTS saponins were introduced into
deionized water. The stirring process was maintained in order to
prevent excessive foam formation and to allow the solution to age
at a temperature of 40+0.5°C for a total duration of 30 min using
the circulated warm-water jacket. The walls of the receiver were
rinsed thoroughly with distilled water. If water cascades down
the walls in a continuous coating, it indicates that the system
has been cleansed. The stopcock was closed at the bottom of the
receiver once the aging period had elapsed. The stopcock was
reversed to ensure that the solution level in the receiver is exactly
at the 50-mL mark. Used a pipet to wash the walls of the receiver
with 50 mL of the BTS saponins solution until all the contents
have completely drained to the bottom of the receiver. Utilize
suction conservatively to transfer the fluid into the pipet until
it reaches the 200 mL mark. Promptly, the stopcock was opened
and precisely adjusted it to the correct position at the headset.
Commenced a timer subsequent to the complete utilization of
the solution-filled pipet, ascertained the vertical extent of the
foam and obtained additional measurements at intervals of three,
five and subsequent time points. After the foam rim reaches
its maximum average height, measure the quantity of foam
generated at the top of the foam column to obtain the reading.
The quantity of air remaining in the foam at this elevation is
directly proportional to the initial quantity. (Please consult the
Ross-Miles Method for further information).

In water of 150 ppm hardness

150 ppm hard water was prepared by adding pre-weighted
Calcium Chloride (CaCl,) and (MgSO,-7H,0) and made sure the
concentration of CaCl, and MgSO,7H,O is 0.0999 pg/mL and
0.148 pg/mL, respectively. The pre-weighed BTS saponins added
into prepared 150 ppm hard water to make sure the active content
of BTS saponins in the testing solution is 2.5 ug/mL. The same
steps were repeated as in deionized water by replacing deionized
water with 150 ppm hard water.

Skin irritation (in vitro, 3D Reconstructed Human
Epidermis Model)

The 12-well test plate was prepared and 200 pL of 37°C pre-warmed
assay media was added to three holes in the first column. The
models were transferred into the corresponding holes. Each plate
contains three skin models that were incubated overnight at 37°C,
5% CO, and 95% humidity. The plates were removed and 2 mL of
pre-warmed assay medium was added to three wells in the second
column. The chemical being tested is BTS Saponins Powder. The
negative control is Dulbecco's Phosphate Buffered Saline (DPBS)
and the positive control is a 5% aqueous Sodium Dodecyl Sulphate
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Figure 1: The structural schematic diagram of BTS Saponins.

(SDS) solution. There are three holes, each containing one of these
substances. A 10 uL or 10 mg sample was collected and applied
onto the skin surface for testing. Following 15 min exposures
at room temperature, the inserts were removed and properly
washed with sterile DPBS to completely eliminate all residues
from the epidermal surface. The contents of the first column were
moved to the second column using a pre-existing assay media.
Afterwards, the sample was placed back in the incubator for a 42
hr post-treatment culture. 2 mL of pre-warmed MTT solution,
including 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (Thiazolyl blue; CAS number 298-93-1), was applied
to three holes in the third column. The contents of the second
column in each insert were moved to the third column and then
incubated for duration of 3 hr. The epidermal tissue was incised
using a punch tool and carefully detached from the collagen
matrix. Subsequently, it was placed into a 1.5 mL EP tube.
Isopropanol, an acidic compound, was introduced into the tube
and well blended. The sample was kept in a dimly lit location
overnight to fully extract the pigment at the ambient temperature.
A 96-well plate reader is utilized to quantify the optical density at
a wavelength of 570 nm subsequent to transferring 200 pL of the
solution from each EP tube (Eppendorf Tubes/1.5 mL centrifuge
Tubes) to a microtiter plate containing 96 wells.

Calculations

The average tissue viability of PC (SDS) <40% (SD<18) and the
tissue viability is calculated as below: Tissue viability (%)=Mean
OD (sample)/Mean OD (NC)x100%. Tissue viability<50% means
irritating to the skin, while>>50% means non-irritating to the
skin. (Refer to OECD 439)
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Eye Irritation (3D Human Cornea-like Epithelium
Model Reconstructed in vitro)

The pre-incubation was done according to the protocol given by
the company that made and gave the RhCE tissue constructs.
After being left to sit overnight, 20 uL of DPBS is used to wet the
tissues. For 30 min and 2 min, the tissues are kept at 37°C, 5.1%
CO, and 95% relative humidity. This is normal culture conditions.
42 L of the positive control (methyl acetate) and negative control
(ultrapure water) are put on the tissue right away to cover the
top surface. 42 mg of the test substance was put on top of the
tissue directly. Standard growth conditions (37+1°C, 5+1% CO,,
95% RH) were kept up for 6+0.25 hr while the tissues were being
incubated. The best and most recommended time is between
one to 2 min. We exposed the tissues to the test substance for
6+0.25 hr and then rinsed them with clean DPBS. We made sure
to fill and empty the tissue insert ten times to get rid of any test
material that was still there. Following the rinsing of the tissue, it
was immediately placed on a 24-well plate that had already been
labeled and covered with 2 mL of Assay Medium that had been
heated to room temperature. This was done for 25 min, giving the
tissues time to soak. Any test material that was put into the tissue
should be washed out during this time in the assay solution.
Once the post-soak is done, each insert is taken out of the Assay
Medium and blotted on absorbent paper. The insert is then put in
the matching well of the 6-well plate that has already been labeled
and has 0.9 mL of warm Assay Medium in it. The tissues were
kept in a standard growth environment (37+1°C, 5£1% CO,, 95%
RH) for 1840.25 hr. When the Post-treatment Incubation is over,
each insert is carefully taken out of the 6-well plate and wiped on
blotting paper. It was added to the 24-well plate, which already
had 0.3 mL of MTT solution (1.0 mg/mL). All the tissues are put
into the 24-well plate, which is then kept at 37+1°C with 5+1%
CO, and 95% relative humidity for 180+5 min. Once the 180+10
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min is up, each insert is taken out of the 24-well plate and its
bottom is blotted with an absorbent material. It is then moved
to a 24-well plate that has already been labeled and has 2.0 mL
of isopropanol in each well so that the isopropanol flows into the
insert on the tumor surface. The plates were wrapped in parafilm
and put somewhere dark and cool (2 to 8°C) for the night. They
can be taken out right away, though. It took 2-3 hr of shaking the
plates at room temperature on an orbital plate shaker in order to
get the MTT out of them.

OD-value

Two x 200uL aliquots of the blue formazan solution were
placed in each of the tissue's 96-well flat bottom microtiter
plates. The isopropanol was taken as blank. Without the use of a
reference filter, read the Optical Density (OD) in a 96-well plate
spectrophotometer at a wavelength between 570 nm.

Calculations

Calculate the mean OD value of the blank control wells (OD, ) for
each experiment. Calculations for Viability Tests only: Viability
(%)=(0D , _-OD,,)/(OD,_-OD,)x100%

Samples Blk

Calculations for Viability plus Killed Control Tests Viability
(%)=[0OD ODyg, s kc-OD )}/(ODNC-OD,, )x100%

Samples_( NC_KC Blk

Test articles are classified as non-irritants if their treated tissue
viability is more than 60.0% when compared to the tissue viability
of the negative control. Test articles are classified as irritants if
their treated tissue viability is less than 60.0% when compared to
the tissue viability of the negative control (See OECD 492).

Scavenging Ability of DPPH-Radical

The 1 mL DPPH solution and 0.5 mL testing samples of different
concentrations was added in the test tube, respectively, mix well
and put in the dark place for 60 min. After moving the mixture to
a colorimetric plate, the absorbance value was calculated at 517
nm using absolute ethyl alcohol as the reference (zero setting),
represented by the letter Al. Blank control: insert 1 mL absolute
ethanol and 0.5 mL samples of different concentrations in the
test tube, respectively, mixed well and put in the dark place for
60 min. The solution was transferred to a colorimetric dish. The
absorbance value was measured at 517 nm with absolute ethyl
alcohol as the reference (zero setting), denoted as A2. Control
group. The 1 mL DPPH solution and 0.5 mL absolute ethyl
alcohol was added in the test tube, mix well and leave in the dark
place for 60 min. Moved the mixture to a colorimetric plate and
absolute ethyl alcohol was used as the reference (zero setting),
represented by the letter A0, to measure the absorbance value at
517 nm. Equation (K)=[1-(A1-A2)/A0]*100% was used to get the
free radical scavenging rate. After doing the experiment thrice,
the mean value was determined to be the ultimate outcome.
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RESULTS AND DISCUSSION

The formation of glycosides is a characteristic of plant saponins,
which are composed of a hydrophilic glycone moiety and
a hydrophobic aglycone. Because of their one-of-a-kind
structure, saponins are able to exhibit amphiphilic capabilities,
which enables them to function as efficient surfactants.'*> The
aggregation of saponins results in the formation of micelles. This
occurs when the hydrophobic tails of the saponins bind together
and their hydrophilic heads contact with water.'® The production
of micelles improves the ability to emulsify, disseminate and
solubilize compounds, while concurrently lowering the surface
tension of the substance. The wide variety of plant sources results
in the formation of a wide range of saponin structures, which in
turn determines the surfactant-like capabilities of the saponins.'”*
Saponins derived from plants have the potential to be utilized in
a variety of cosmetic applications, including but not limited to
the following: as cleansers in shampoos; as foaming agents; as
emulsifiers; as natural preservatives; as hair conditioners; as skin
penetration enhancers; as anti-inflammatory and antioxidant
agents.”*?* Utilizing plant saponins as surfactants in cosmetics
is a persuasive and environmentally conscientious method to
fulfilling the growing need for natural and sustainable ingredients
in personal care products. This desire is expected to continue to
grow in the coming years.”? Saponins are chemical substances
that exist naturally and possess surfactant qualities. They can
be found in a variety of plant sources, including soapberries
(Sapindus spp.), yucca plants and quillaja trees, among others.
Because of these characteristics, they are ideally suited for use
in cosmetic formulations as agents that foam, emulsify and
cleanse.”*

Surfactivity

Since saponins are amphipathic, they can serve as surfactants
and potentially lower the interfacial energy between hydrophobic
and hydrophilic phases, as well as air and water, stabilizing the
development of foam (Figure 2).

Figure 3 demonstrates that as the concentration of BTS saponins
solution increases from 0.0 to 2 g/L, the interfacial tension energy
decreases significantly from 55 mN/m to 27 mN/m. This indicates
that BTS saponins possess remarkable surfactivity, making them
suitable as effective botanical surfactants, detergents and foamers
in rinse-off formulations.

Micelles are generated as the concentration of the BTS
saponin solution is raised and this phenomenon occurs for all
additional surfactants introduced into the system beginning at a
concentration of 2.5 g/L.*! The concentration at which micelles
form is referred to as the Critical Micelle Concentration (CMC)
in the field of colloidal and surface chemistry. The critical mass
of a surfactant is significant. After attaining the Critical Micelle
Concentration (CMC), the surface tension either declines
gradually or remains rather stable.>” The estimated Critical
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Micelle Concentration (CMC) of BTS saponins is 2 to 3 g/L, as
seen by the interfacial tension curve provided above.

Foam Power

The foam characteristics and resilience to hard water are crucial
factors for both personal washing products and home cleaning
solutions, including detergents.** As depicted in Figure 4, BTS
Saponins has a form height over 100 mm, which suggests the
presence of opulent and stable foam even at a low concentration
of 2.5 pg/L. Furthermore, during a period of 5 min, the decrease in
foam height is less than 10 mm. BTS Saponins exhibit exceptional
resistance to hard water, meaning that the hardness of the water
has a negligible impact on the foam power of BTS Saponins. The

reason for this phenomenon is likely due to the ability of the polar
groups of BTS saponins to form complexes with calcium and
other ions typically present in hard water, while their nonionic
properties remain unaffected.

Skin Irritation

During the testing conditions, the tissue survival rate of BTS
Saponins is 72.07%, which exceeds the minimum requirement of
50%. The results of the OECD TG 439 chemicals in vitro skin
irritation test using rebuilt human epidermis demonstrate that
BTS Saponins do not induce skin irritation or corrosion. Hence,
it is the optimal and calming choice for the ecologically aware
brand. It is illustrated in Figure 5.
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Figure 5: The mildness of BTS Saponins on skin tissue viability, Skin irritation indicated by Tissue Viability of Skin Model (The bigger the number is, the
less irritation of the testing substance is, >50% means non-irritating to the skin).
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Eye irritation

The in vitro test conducted on a reconstructed human Cornea-like
Epithelium skin model has determined that 2% (v/v) of SpecPure®
BTS Saponins is not irritating to the eyes. The test results indicate
that the tissue viability of BTS Saponins is greater than 60%
when compared to the negative control-treated tissue viability.
Therefore, the concentration is 2% (volume/volume). SpecPure®
BTS Saponins are suitable for use in rinse-off products, including
shampoo, body wash, infant cleanser, make-up remover, facial
cleanser and more (Figure 6).

Skin-care benefits: Antioxidant

Based on the Brand-Williams method, our findings demonstrate
that a concentration of 5 g/L of BTS Saponins can effectively
eliminate 91.4% of DPPH radicals. Additionally, the half
maximum Effective Concentration (EC,) of BTS Saponins
on DPPH is measured to be 0.87 g/L. These results indicate
that BTS saponins possess exceptional antioxidant properties,
making them a great choice as a green cleansing component.
Antioxidants play a crucial role in combating oxidative stress, a
process that can lead to skin damage and premature aging. Free
radicals are unstable chemicals that can cause damage to collagen
and skin cells. Antioxidants counteract the harmful effects of free
radicals. Antioxidants have the ability to prevent the breakdown
of collagen and enhance the production of collagen®*” As a result,
they might potentially reduce the visibility of fine lines, wrinkles
and other signs of aging (Figure 7).

CONCLUSION

This study examined the surfactivity and foam performance of
BTS saponins, including foam height, stability and resistance to
hard water. The results demonstrated that BTS saponins have
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a remarkable ability to reduce surface tension and stabilize
high-quality foam. These findings suggest that BTS saponins
have the potential to be a highly effective cleaning ingredient. A
study was done to assess the safety and irritation potential of BTS
Saponins using the 3D Reconstructed Human Epidermis Model
and Reconstructed Human Cornea-like Epithelium Model. This
enabled the verification of the safety of BTS Saponins, which
is a necessary condition for its inclusion as an ingredient in
cosmetics. In addition, the study also investigated the capacity
of BTS saponins to counteract the DPPH- radical, thereby greatly
enhancing its suitability for application in cosmetics. Therefore,
BTS saponins, being a type of green botanical surfactants, are
highly suitable as cleansing ingredients due to their beneficial
effects on the skin.
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SUMMARY

This study extracts botanical-derived saponins from Pu'er tea
(black tea) seeds and examines their surface tension reduction,
foam power, hard water resistance, skin/eye safety and
radical-scavenging properties. BTS Saponins were tested for
safety and irritation using the Reconstructed Human Cornea-like
Epithelium Model and 3D Reconstructed Human Epidermis
Model. This confirmed BTS Saponins' safety, a prerequisite for
cosmetic use. Additionally, the study evaluated BTS saponins'
ability to combat the DPPH.: radical, improving their potential
in cosmetics. The results show that BTS saponins minimize
surface tension and sustain high-quality foam. It passed the
safety and irritation potential test for cosmetic ingredient
use. The antioxidant test findings show that BTS saponins
successfully combat the DPPH- radical, making them more
suitable for cosmetic use. Based on these findings, BTS saponins
may be an effective cleaning agent. These findings suggest that
botanical-based saponins could replace manufactured cosmetic
surfactants.

REFERENCES

1. Wojtoni P, Szaniawska M, Hotysz L, Miller R, Szcze$ A. Surface Activity of Natural
Surfactants Extracted from Sapindus mukorossi and Sapindus trifoliatus Soapnuts.
Colloids Interfaces. 2021;5(1):1-7. doi: 10.3390/colloids5010007.

2. Hostettmann K, Marston A. Chemistry and pharmacology of natural products:
saponins. New York: Cambridge University Press; 1995. p. 548.

3. Global saponin market insights and forecast to 2027; 2021. (Available from: https://w
ww.qyresearch.com/index/detail/2620655/global-saponin-market.

4. Hostettmann K, Marston A. Saponins. 1995:19-76. doi: 10.1021/np058097w.

5. Vincken JP, Heng L, de Groot A, Gruppen H. Saponins, classification and occurrence
in the plant kingdom. Phytochemistry. 2007;68(3):275-97. doi: 10.1016/j.phytochem
.2006.10.008, PMID 17141815.

6. Haralampidis K, Trojanowska M, Osbourn AE. Adv Biochem Eng Biotechnol.
2002;75:31-49. doi: 10.1007/3-540-44604-4_2.

7. Chopra B, Dhingra A, Dhar KL, Nepali K, Prasad DN. Role of terpenoids as anticancer
compounds: an insight into prevention and treatment. In: Singh RK, editor. Key
heterocyclic cores for smart anticancer drug-design Part . Vol. 1; 2022. p. 57. doi: 10.
2174/9789815040074122010005.

8. Qi X, LiuJ, Li X, Fan M, Huang N, Sun R. Saikosaponin a contributed to CCIN treatment
by promoting neutrophil bactericidal activity via activation CBL-dependent ERK
pathway. Phytomedicine. 2021;82:153444. doi: 10.1016/j.phymed.2020.153444,
PMID 33421903.

9. Bezerra KG, Rufino RD, Luna JM, Sarubbo LA. Saponins and microbial biosurfactants:
potential raw materials for the formulation of cosmetics. Biotechnol Prog.
2018;34(6):1482-93. doi: 10.1002/btpr.2682, PMID 30051974.

10. Mehta S, Sharma AK, Singh RK. Ethnobotany, Pharmacological Activities and
Bioavailability Studies on “King of Bitters” (Kalmegh): a Review (2010-2020). Comb
Chem High Throughput Screen. 2022;25(5):788-807. doi: 10.2174/13862073246662
10310140611, PMID 33745423.

11. Savarino P, Demeyer M, Decroo C, Colson E, Gerbaux P. Mass spectrometry analysis
of saponins. Mass Spectrom Rev. 2023;42(3):954-83. doi: 10.1002/mas.21728, PMID
34431118.

12. ChoiJH, Kim JY, Jeong ET, Choi TH, Yoon TM. Preservative effect of Camellia sinensis (L.)
Kuntze seed extract in soy sauce and its mutagenicity. Food Res Int. 2018;105:982-8.
doi: 10.1016/j.foodres.2017.11.059, PMID 29433297.

13. Morikawa T, Li N, Nagatomo A, Matsuda H, Li X, Yoshikawa M. Triterpene saponins
with gastroprotective effects from tea seed (the seeds of Camellia sinensis). J Nat
Prod. 2006;69(2):185-90. doi: 10.1021/np058097w, PMID 16499314.

14. Goéral |, Wojciechowski K. Surface activity and foaming properties of saponin-rich
plants extracts. Adv Colloid Interface Sci. 2020;279:102145. doi: 10.1016/j.cis.2020.
102145, PMID 32229329.

15. Martin RS, Briones R. Industrial uses and sustainable supply of Quillaja saponaria
(Rosaceae) saponins. Econ Bot. 1999;53(3):302-11. doi: 10.1007/BF02866642.

16. Smutek W, Zdarta A, Pacholak A, Zgota-Grzeskowiak A, Marczak t, Jarzebski M et al.
Saponaria officinalis L. extract: surface active properties and impact on environmental
bacterial strains. Colloids Surf B Biointerfaces. 2017;150(1):209-15. doi: 10.1016/j.cols
urfb.2016.11.035, PMID 27918965.

17. Bottger S, Melzig MF. Triterpenoid saponins of the Caryophyllaceae and lllecebraceae
family. Phytochem Lett. 2011;4(2):59-68. doi: 10.1016/j.phytol.2010.08.003.

18. Jurek |, Géral |, Mierzyriska Z, Moniuszko-Szajwaj B, Wojciechowski K. Effect of
synthetic surfactants and soapwort (Saponaria officinalis L.) extract on skin-mimetic
model lipid monolayers. Biochim Biophys Acta Biomembr. 2019;1861(3):556-64. doi:
10.1016/j.bbamem.2018.12.005, PMID 30579962.

19. Jurek |, Géral |, Gesinski K, Wojciechowski K. Effect of saponins from quinoa on a
skin-mimetic lipid monolayer containing cholesterol. Steroids. 2019;147:52-7. doi: 10
.1016/j.steroids.2018.11.008, PMID 30458189.

20. Osbourn A, Goss RJ, Field RA. The saponins: polar isoprenoids with important and
diverse biological activities. Nat Prod Rep. 2011;28(7):1261-8. doi: 10.1039/c1np000
15b, PMID 21584304,

21. Perkins MA, Osborne R, Rana FR, Ghassemi A, Robinson MK. Comparison of in vitro
and in vivo human skin responses to consumer products and ingredients with a
range of irritancy potential. Toxicol Sci. 1999;48(2):218-29. doi: 10.1093/toxsci/48.2.
218, PMID 10353313.

22. Torméd H, Lindberg M, Berne B. Skin barrier disruption by sodium lauryl
sulfate-exposure alters the expressions of involucrin, transglutaminase 1,
profilaggrin, and kallikreins during the repair phase in human skin in vivo. J Invest
Dermatol. 2008;128(5):1212-9. doi: 10.1038/sj.jid.5701170, PMID 18007579.

23. Kapoor Y, Howell BA, Chauhan A. Liposome assay for evaluating ocular toxicity of
surfactants. Invest Ophthalmol Vis Sci. 2009;50(6):2727-35. doi: 10.1167/iovs.08-2980
,PMID 19168898.

24. Goral I, Stochmal A, Wojciechowski K. Surface activity of the oat, horse chestnut,
cowherb, soybean, quinoa and soapwort extracts-is it only due to saponins? Colloids
Interface Sci Commun. 2021;42:100400. doi: 10.1016/j.colcom.2021.100400.

25. Mehta SS, Reddy BS. Cosmetic dermatitis-current perspectives. Int J Dermatol.
2003;42(7):533-42. doi: 10.1046/j.1365-4362.2003.01786.x, PMID 12839603.

26. Blaak J, Staib P. The Relation of pH and Skin Cleansing. Curr Probl Dermatol.
2018;54:132-42. doi: 10.1159/000489527, PMID 30130782.

27. Toshihiro A, Masahiko A, Jiradej M, Aranya M. Chiang Mai J Sci. 2018;45(7):2534-53.

28. Roger W, Read, Xiao BW. Chiang Mai J Sci. 2009;36(2):247-57.

29. Nazrul H, Nasir A, Siddiqui PA, Faiyaz S, Fars KA, Ibrahim AA. Chiang Mai J Sci.
2018;45(3):1531-42.

30. Chaiyana W, Charoensup W, Sriyab S, Punyoyai C, Neimkhum W. Herbal Extracts as
Potential Antioxidant, Anti-Aging, Anti-Inflammatory, and Whitening Cosmeceutical
Ingredients. Chem Biodivers. 2021;18(7):2100245. doi: 10.1002/cbdv.202100245,
PMID 33989453.

31. Bochynek M, Lewinska A, Witwicki M, Debczak A, tukaszewicz M. Formation and
structural features of micelles formed by surfactin homologues. Front Bioeng
Biotechnol. 2023;11:1211319. doi: 10.3389/fbioe.2023.1211319, PMID 37485321.

32. Ottaviani G, Wendelspiess S, Alvarez-Sanchez R. Importance of critical micellar
concentration for the prediction of solubility enhancement in biorelevant media.
Mol Pharm. 2015;12(4):1171-9. doi: 10.1021/mp5006992, PMID 25665011.

33. Li H, Hu D, Liang F, Huang X, Zhu Q. Influence factors on the critical micelle
concentration determination using pyrene as a probe and a simple method of
preparing samples. R Soc Open Sci. 2020;7(3):192092. doi: 10.1098/rs0s.192092,
PMID 32269815.

34. Chen YF, Yang CH, Chang MS, Ciou YP, Huang YC. Foam properties and detergent
abilities of the saponins from Camellia oleifera. Int J Mol Sci. 2010;11(11):4417-25.
doi: 10.3390/ijms11114417, PMID 21151446.

35. Kumari A, Singh RK. Epub 2022 Aug 3. Chem Biodivers. 2022;19(9):202200290. doi: 1
0.1002/cbdv.202200290, PMID 35818885.

36. Poljsak B, Dahmane R. Free radicals and extrinsic skin aging. Dermatol Res Pract.
2012;2012:135206. doi: 10.1155/2012/135206, PMID 22505880.

37. Addor FA. Antioxidants in dermatology. A Bras Dermatol. 2017;92(3):356-62. doi: 10.
1590/abd1806-4841.20175697, PMID 29186248.

Cite this article: Wang T, Zha J, Zheng Y, Tong L. Antioxidant, Skin Cleansing, Moistening and Foaming Characteristics of Botanical Surfactant Saponins
Extracted from Pu'er Tea (Black Tea) Seeds. Indian J of Pharmaceutical Education and Research. 2025;59(2):639-46.

646 Indian Journal of Pharmaceutical Education and Research, Vol 59, Issue 2, Apr-Jun, 2025



