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ABSTRACT

Saqta (Colignonia parviflora var. biumbellata) is an Andean perennial herb whose root is used by rural communities as a source
of “natural detergent” for washing clothes and personal hygiene. Its use has been documented by ancient cultures; however, the
chemical components of Saqta root have been largely unexplored despite their potential applications. This study aims to extract
and characterize saponins from Saqta root and assess their suitability as surfactants. A saponin-rich extract was obtained using a
70% ethanol-water solution under reflux conditions. Characterization was performed using Fourier-transform infrared spectroscopy
(FTIR), thin-layer chromatography (TLC), differential scanning calorimetry (DSC), and thermogravimetric analysis (TGA). Foam
stability and surface tension were assessed through the afrosymetric method and capillary rise method, respectively. The extraction
yield was approximately 6.28%, calculated based on the dry mass of the Saqta root material used in the extraction process. FTIR
and TLC confirmed the presence of saponins, revealing structural similarities to commercial Quillaja saponins. The extracted
saponins demonstrated high solubility in water and formed stable foam, with a critical micelle concentration (CMC) of 4.59 wt%.
Surface tension measurements revealed a significant reduction in surface tension compared to that of pure water for solutions with
saponin concentrations greater than 0.1%. In conclusion, saponins were successfully extracted from Saqta root, exhibiting promising
surfactant properties. These findings suggest potential applications in alternative detergent formulations, cosmetics, and other
soap-like products.
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RESUMEN

Saqta (Colignonia parviflora var. biumbellata) es una planta perenne andina cuya raiz es empleada por las comunidades rurales
como “detergente natural” para lavanderia y aseo personal. Su uso ha sido reportado por diversas culturas ancestrales; sin embargo,
los componentes quimicos de la raiz de Sagta han sido poco explorados a pesar de su gran potencial. El objetivo de este estudio
es extraer y caracterizar las saponinas de la raiz de Saqta y evaluar su aplicacion como surfactantes. Se obtuvo un extracto rico
en saponinas utilizando una solucion de etanol-agua al 70% bajo condiciones de reflujo. La caracterizacion se realizo utilizando
espectroscopia infrarroja por transformada de Fourier (FTIR), cromatografia en capa fina (TLC), calorimetria diferencial de barrido
(DSC) y andlisis termogravimétrico (TGA). La estabilidad de la espuma y la tensién superficial se evaluaron mediante el método
afrosimétrico y el método de ascenso capilar, respectivamente. El rendimiento de la extraccion fue de aproximadamente 6.28%,
calculado en funcién de la masa seca del material de la raiz de Saqta. Los resultados de FTIR y TLC confirmaron la presencia de
saponinas, revelando similitudes estructurales con las saponinas comerciales de Quillaja. Adicionalmente, las saponinas extraidas
demostraron una alta solubilidad en agua y la capacidad de formar espumas estables, con una concentracion micelar critica
(CMCQ) de 4.59% en peso. Los resultados de tension superficial mostraron valores menores comparados con el agua pura para
soluciones con concentraciones de saponina superiores al 0.1%. En conclusion, las saponinas fueron extraidas con éxito de la raiz
de Saqta, mostrando propiedades surfactantes prometedoras. Estos hallazgos sugieren aplicaciones potenciales en formulaciones
de detergentes alternativos, cosméticos y otros productos similares al jabdn.

Palabras clave: raiz de Saqta, saponinas, surfactantes naturales, biosurfactantes, extraccion etandlica, estabilidad de espuma,
propiedades surfactantes.
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Highlights

® A saponin-rich extract was obtained from Colignonia parviflora roots using a 70% ethanol:water mixture.

®  Structural characterization shows similarities with commercial Quillaja saponins.

® Saqta saponins demonstrated high solubility in water and formed stable foams in aqueous solutions. The critical micelle
concentration (CMC) was determined at 4.59 wt%, indicating micelle formation at this concentration.

® The study showcases the potential of Saqta saponins as a natural alternative to synthetic surfactants, with applications in

cosmetics, pharmaceuticals, and water treatment.

Introduction

Biosurfactants are amphiphilic compounds (glycosidic
metabolites) derived from microbial and plant secondary
metabolites [1] that are considered promising alternative
molecules instead of synthetic surfactants, such as
detergents and emulsifiers. It is known that biosurfactants
form stable emulsions when diluted in water and effectively
reduce water surface tension and interfacial tension
between a polar and non-polar liquid [2]. Hence, they
hold potential as active ingredients in laundry products,
as emulsifiers in water treatment, or as surfactant agents
in oil recovery [3]. Moreover, various biosurfactants have
been reported to exhibit antimicrobial and virucidal activities
[4], making them valuable in cosmetic and pharmaceutical
applications [5]. In recent years, biosurfactants have been
proposed as effective replacements for synthetic surfactants
(e.g. industrial detergents, soaps, cleansers), primarily
due to their lower toxicity, biodegradability and better
environmental compatibility [6] compared with the toxic
effects of commercial surfactants in water bodies and soil.
This is especially important when considering the negative
effects of commercial surfactants on aquatic ecosystems and
soil health.

Saponins are the main group of phytogenic biosurfactants
extracted from various botanical species. Saponin molecules
are glycosylated compounds composed of a glucidic chain
and a liposoluble structure [7]. The non-sugar (triterpenoids
or steroid backbone) and sugar (e.g. L-arabinose, D-xylose,
etc.) components are referred to as aglycone or sapogenin
(hydrophobic) and glycone (hydrophilic), respectively; and
are linked through glycosidic bonds in various configurations
[8]. Saponins are present in different plant parts, including
roots (e.g. alfalfa root [9], Triterpenoid saponins from Ilex
pubescens roots [10]), leaves (e.g. tea leaves [11]), fruits (e.g.
Momordlica charantia [12]), bark (e.g. Yucca schidigera [13]),
flowers (e.g. Tribulus terrestris [14]), and grains (e.g. quinoa
and other cereals [15-16]), stems (e.g. Entada phaseoloides
[17]). Extensive studies have identified saponins as bioactive
compounds with interesting properties such as anti-
inflammatory, antibacterial, antifungal, antiviral, insecticidal,
cytotoxic, and more [18]. Their natural origin makes them
biodegradable and eco-friendly surfactants.
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In general, saponins are soluble in water, ethanol and
methanol; thus conventional extraction methods include
maceration, reflux and Soxhlet [5]. In addition, extraction
techniques have focused on reducing solvent usage and
incorporating methods like sonication or microwave-assisted
extraction [18]. In South America, several plants have been
reported as sources of saponins. For example, quinoa
(Chenopodium quinoa) is agrain that grows in Andean regions
and quinoa seed saponins have been widely investigated due
to its biological activity despite their indigestible properties
[19-20]. Other regional sources of saponin include plants
such as “yerba mate” (llex paraguariensis) [21], Quillaja
species [22] and “boliche” (Sapindus Saponaria L.) [23].
Although saponin molecules are highly complex, further
research is required to elucidate the relationship between
their molecular structure, botanical source and the potential
medical or pharmaceutical applications.

Another important Andean source of saponins is Colignonia
parviflora var. biumbellata, better known as “Saqta” or “Sacha
paraccay.” Saqta is a perennial herb, subshrub and liana from
the Andean montane rainforest and cloud forest belonging
to the genus Colignonia. This genus has been documented
across South America, from 5°N in Colombia to 20°S in
Argentina, at elevations between 2500 and 3000 m.a.s.l. [24].
Specifically, Saqta has been identified in the northern and
central Peruvian highlands [25]. Morphologically, Saqta has
a tuberous root that is woody, starchy, and rich in saponins.
In some rural communities, the Saqta root is traditionally
used as a source of “natural detergent” for washing linen,
personal hygiene, bathing and even for skin disinfection in
cases of measles [24]. As part of certain tours in Chinchero
(Cusco, Peru), local inhabitants demonstrate the preparation
and use of Saqta root by peeling, chopping, and grating it
into water to produce a soap-like solution. This solution
forms a stable foam, demonstrating its practical application
by washing raw alpaca fiber.

Although Saqta root has been little studied, its use in
laundry (for clothes and alpaca fibers) and personal care is
well-established among rural communities in the Peruvian
highlands. However, only a few studies have explored
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the potential of Saqta saponins. In Peru, according to the
institutional repository of the National Council of Science
and Technology (CONCYTEC), six undergraduate theses
and one research paper have explored the structure of
Saqta root and the behavior and potential applications of
Saqta saponins. Two of them focus solely on the extraction
process using ethanol as solvent [26-27] and one study
analyzes the antimycotic activity of a hydroalcoholic
extract of Saqta root [28], while the other studies explore
the development of personal care products based on
Saqgta roots, mainly shampoos and soaps, focusing on
market analysis, benchmarking, and profitability [29-32].
Nevertheless, those articles demonstrated the application of
raw Saqta root, which was dried, chopped, and milled prior
to use, but the saponins were neither extracted, purified,
nor characterized beforehand. In this context, the research
question driving this study is: what are the characteristics and
surfactant properties of saponins extracted from Colignonia
parviflora (Saqta) root? and how can they be applied as
natural alternatives to synthetic surfactants? Therefore, the
aim of this research is to extract and analyze the properties
of saponins from Saqta root. With further exploration of
properties of Saqta saponins, they may play a crucial role in
expanding the use of natural ingredients from the Andean
region across diverse sectors, including pharmaceuticals,
cosmetics, and environmental applications. By harnessing
these natural compounds, industries can contribute to
a greener future, reducing reliance on harmful synthetic
substances and encouraging the development of safer, more
sustainable products.

Materials and Methods

Materials

Roots of Colignonia parviflora var. biumbellata (Saqta) were
obtained from the local market in Chinchero, Cusco, Peru.
The Saqta roots were washed with distilled water and stored
at 2°C until use. All chemicals used were of analytical grade.

Proximate analysis of Saqta root

The proximate analysis includes the determination of
the percentages of: moisture, fat, fiber, ash, soluble
carbohydrates, and protein. All tests were performed in
triplicate. For the moisture test, small pieces of Andean
Saqta root were cut and weighed. Then, the pieces were
placed in a Petri dish at a temperature of 105 °C for a period
of 6 h until a constant weight was achieved.

The moisture percentage was calculated as follows in Eq. (1):

Weightsample - Weightdried sample

- x 100% 1
We lghtsample ( )

%Moisture =

For ash content, samples of Saqta root were placed onto
crucibles heated in a muffle furnace at 600°C for 2h. The
final mass in the crucibles was recorded.

Fat content determination was carried out using a Soxhlet
extractor. A sample of Saqta root was weighed and placed
into cartridges with a porosity of 8 pm. Petroleum ether was
added as a solvent phase for a period of 16h. Subsequently,
the solvent was evaporated by placing the flask in an oven at
100°C for 30 min. Finally, the fat content was recovered and
its mass was reported. The result was expressed as grams of
fat per 100 grams of sample (g/100 g).

Fiber content was determined gravimetrically following
chemical digestion under reflux conditions. A sample of
Saqta root was digested in sulfuric acid at 110°C for 30 min.
Then, NaOH alkali digestion was performed for 30 min at
110°C. Finally, the suspension was filtered, and the residue
was transferred to a crucible and heated at 600°C for 2h
until a constant weight was achieved. Fiber content was
calculated by comparing the mass of the dried sample with
the mass of the ash as expressed in Eq. (2).

Weightdry residue — Weightash mass

: x 100 )
Welghtdry sample

% Fiber =

Protein content was determined through acid digestion. A
Saqta sample (m) was weighed and placed in a distillation
flask along with copper and potassium sulfate reagents.
Previously, the moisture content (Wu) was reported.
Concentrated sulfuric acid was added to start digestion
in the distillation equipment followed by the addition of a
40% NaOH solution for distillation. The digestion period
lasted 2h until the temperature reached 420°C. The
distillate was collected in a boric acid solution and titrated
with hydrochloric acid HCl 0.05 N (Vi). For this method,
a reactive blank is used and the volume of HCI used in
titration is reported (Vo). The protein content was calculated
using Eq. (3).

140T(V; =V,
% Protein = levo)) (3)
- WH

Extraction of saponin from Saqta root

Saqta root saponins were extracted using a reflux extraction
system, following previously reported methods for other
plants. Briefly, Saqta roots were peeled, chopped into small
pieces (less than 1 ¢cm), and dried at 50°C in an oven until
a constant weight was achieved. Twenty grams of Saqta
root were placed in a round-bottom flask with 250 mL of
ethanolic solution (ethanol:water 70:30) and heated for
approximately 8h at 80°C. Then, the suspension was cooled
at room temperature and 100 mL of petroleum ether was
added to remove the non-polar components. Afterward, the
suspension was decanted to recover the ethanolic phase and
the non-polar phase was discarded. Finally, the ethanolic
suspension was placed in a water bath at 80°C to evaporate
the organic solvent and the crude saponin-rich extract was
collected and stored under desiccator conditions.
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Characterization of saponin from Saqta root

For the structural characterization of Saqta saponins, FTIR
spectroscopy was performed using a Tensor 27 (Bruker)
spectrometer. For each test, an average of 32 scans at
a resolution of 4 cm™ in a range from 4000 to 500 cm™
were recorded. Thin-layer chromatographic analysis was
performed on aluminum plates coated with silica gel 60
(Merck KgaA Darmstadt, Germany). A 10 pl aliquot of
aqueous solution of Saqta saponins (1:10 and 1:50) was
applied and the plates were developed in a solvent system
n-butanol:water:acetic acid (84:14:7) up to a distance of 8
cm, based on the report of Sharma [34]. After air-drying, the
plate was sprayed with a solution of ethanol:sulfuric acid
(90:10) and then heated at 110°C for 10 min.

Additionally, thermal behavior was evaluated using TGA and
DSC analysis. DSC tests were performed in a Perkin-Elmer
DSC 4000 (Waltham, MA) differential scanning calorimeter.
Approximately 10 mg of dried saponins were loaded into
a crucible. Nitrogen was used as purging gas and the flow
rate was controlled at 20 mL /min. For each run, samples
were heated from 30°C to 300°C at a heating rate of 5°C/
min. TGA tests were performed in a Perkin-Elmer TGA 4000.
Approximately 8 mg of pulverized films were loaded into a
crucible. Nitrogen was used as purging gas and the flow rate
was controlled at 20 mL/min. For each run, samples were
heated from 30°C to 650°C at a heating rate of 5°C/min.

Collection of Saqta
root from Chincheros
(Cuzco, Peru)

C

______________________
l
| ‘

Proximate
analysis

Collection and

Preparation and

Preparation

In order to evaluate the foaming properties, the foaming
power and foam stability were assessed according to the
study by Ross and Miles [33] with slight modifications. A
standard afrosymetric method was performed according to
Morillo et al. [61]. 5 mL of saponin solution was added to a
test tube (15 cm length and 15 mm diameter). The tube was
covered and stirred vigorously for 30 s, leaving at rest for 30
min. After that, the test tubes were stirred again for 20 s and
left to rest for 30 more min, stirred again for 30 s with strong
agitation, and left at rest for 5 min. The height of the foam
was measured using a ruler with an accuracy of 0.1 cm.

The capillary rise method was performed in order to measure
the surface tension of saponin aqueous solutions at different
concentrations [35]. A capillary tube (1.15 mm diameter
(2r), 10 cm length) was immersed and the height (h) was
measured. In our case, the contact angle is close to zero
(6=0; cos © = 1). The surface tension was calculated using
Eq. (4). The density (p) was measured for each saponin
solution, (r) is the radius of the capillary tube, (g) is the
gravitational acceleration (9.81 m/s2).

pghr

> 4)

Surface tension (J/m?) =

A flowchart summarizing the phases of the research is
shown in Fig. 1

- Roots collected from a local market

washing -Washing of roots with distilled water.

- Peeling and chopping of roots.
- Drying of samples at 40°C.

onditioning - Storage under desiccator conditions.

_________________________________________________________________

» Saqta root pieces was
placed in a flask.

* Saqta root pieces were mixed with

characterization

characterization

- Thermogravimetric analysis.

| 1
1 | Extraction  an ethanolic solution at 80°C for 8h
; ' under constant reflux.
| | Sagta saponins
: Phase 3 ! 9 B
| | extraction —
: ; : « Removal of non-polar components.
' i Separation N i i
| i « Recovery of saponins by evaporation.
! :
* Solid saponin extract is
Storage  stored under desiccator
conditions.
————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————
Structural - FTIR spectroscopy.
: characterization | - Thin layer chromatography.
1
: Saponins Thermal - Differential Scanning Calorimetry.
: ‘ Phase 4 P g ¥
|
|
|

o

Foaming
properties

- Afrosymetric method.
- Capillary rise method

Figure 1. Flowchart of the methodology. The project was organized into four phases: Collection of Saqta root, proximate analysis, Saqta saponins

extraction and Saponins characterization.
Source: Author
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Results and Discussion

The proximate analysis of Saqta root (Colignonia parviflora
var. biumbellata) was performed before the extraction of
saponins and the results are presented in Fig. 2. Compared
with other Peruvian Andean crops (Table 1), Saqgta root
exhibits a higher content of moisture, likely associated with
its porous internal structure. Saqta contains internal tissues
such as suberin, phellogen, and phelloderm, arranged in a
radial pattern; this means that fibers form internal vessels
where cells, starch and water can be found [36]. The ash
residue, which represents the mineral content of Saqta
root, is higher than in other crops but is similar to the ash
residue of different potato varieties [37]. Other parameters
are comparable to those of various crops. In conclusion,
the proximate analysis provides valuable information about
the basic composition of this root. However, only a few
studies on Saqta have been published, and further research
is needed.

Saqta root saponins were extracted using a reflux extraction
method with an ethanol:water medium. The ethanol
proportion was set at 70% as it was the optimal composition
determined by the authors. In general, several biological
molecules, such as oils and polysaccharides, require the
use of water combined with the use of an organic phase
due to the amphiphilic nature of these types of molecules
[38-39]. Saqta root was dried previously to avoid the
interference of moisture content. Then, the extraction was
conducted at 80°C and non-polar molecules from the plant
(fats, pigments) were extracted with petroleum-ether. The
ethanolic phase was isolated and heated in a water bath until
complete solvent evaporation. The final extract was a brown
solid, highly soluble in water. A schematic representation
of the process is shown in Fig. 3a and an example of the
high solubilization capacity of Saqta saponins is illustrated
in Fig. 3b, where a 10 wt% solution was prepared in 8 min
under stirring at room temperature. In this work, the process
yield was approximately 6.28 wt%; however, it is important
to note that the final product corresponds to a saponin-rich
extract rather than purified saponins, since no additional
purification steps were evaluated in this study.

In addition, the aqueous ethanolic extraction may also recover
other compounds, such as flavonoids, phenolic compounds,
oligosaccharides and residual sugars [40]. Consequently, the
reported extraction yield should be interpreted as the yield
of a saponin-rich extract rather than pure saponins since
co-extracted metabolites may contribute to the total recovered
mass. Saponins are amphiphilic molecules composed of
a hydrophobic sapogenin core linked to hydrophilic sugar
chains, and their extraction efficiency depends strongly on
the polarity and protic nature of the solvent system [41]. The
glycosidic moieties interact with ethanol through hydrogen
bonding with hydroxyl groups, while water promotes the
swelling of root tissues, facilitating solvent penetration and
mass transfer. During reflux, saponins dissolve into the
solvent, resulting in an adequate recovery and limiting the
degradation of thermolabile substances [42].

Furthermore, the ethanol:water (70:30) mixture exhibits a
boiling range of approximately 78-85 °C, providing a stable
medium for reflux extraction with efficient extraction kinetics
and facilitating solvent evaporation during the recovery of
the Saqta extract.

For other biological products, the concentration of saponin
varies depending on the plant part. For example, for roots
such as Yucca schidigera [13], Smilax spp. [14] and Gypsophila
paniculata [43], the reported saponin contents were 10%,
2% and less than 10%, respectively. Other sources, such as
fruits, bark, and seeds, exhibit saponin contents ranging from
0.3 to 27 wt% [44], and the most reported extraction media
include water, methanolic solutions, ethanolic solutions,
and n-butanol solutions [45].

The extraction conditions employed in this study proved
suitable for obtaining a water-soluble saponin-rich extract
with yields within the range reported for other plant-derived
saponin sources.

Crude Fiber;
0,17%

Fat; 0,11%

Protein;

Ash; 1,91%

W Moisture ® Ash ® Protein Fat ® Crude Fiber m Carbohydrates

Figure 2. Results of proximate analysis for Saqta root.
Source: Author

Saponin-rich extract
from Sagta root

Sagta root dried

root and chopped . Extraction of non-
Reflux polar substances in
system petroleum ether

Figure 3a. Scheme for the preparation of saponin-rich extract from
Saqta root.
Source: Author

b) Preparation of a saqta saponin solution 10% wt.
t=0min

t=8 min

Figure 3b. Representation of the high solubility of Sagta root saponin.
Source: Author
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Table 1. Comparison of proximate analysis of Sagta root with other
crops.

COMPOSITION

—_ 4] v
- » - B F_ £_ B
Andean £® g e® g =2 f® ¢
[
wops 28 5 28 3 8 =28 £
o= RS S - L0 - - S = &
$® - £ - I £®
& < & = 5 £°
< L o]
Saqta C t
(Colignonia 89.43 191 100 011 017 738 SHIEY
i y
parviflora)
Oca (Oxalis
tuberosa) 83.74 0.57 0.97 0.80 0.76 13.16 [46]
Olluco
(Ullucus 85.32 0.52 1.00 0.00 0.58 12.58 [46]
tuberosus)
Mashua
(tropaeolum 86.16  0.70 1.20 0.20 0.79 1095  [46]
tuberosum)
Puma Makin
(S. tuberosum  67.63 0.01 3.40 0.20 0.36 28.60 [47]
andigenum)
Leona
(S. tuberosum  70.00 1.10 3.00 0.20 0.30 25.60 [47]
andigenum)
Yawar Manto
(S. tuberosum  76.50 1.30 3.90 0.30 0.00 18.00 [47]
andigenum)
Anil
(S. tuberosum  73.90 1.70 3.60 0.10 0.00 20.70 [47]
andigenum)
Sangre De
Toro 67.50 1.30 1.30 0.70 2.20 27.70 [47]
(S. goniocalix)
Qequrani 6160 120 3.0 020 0.00 3410 [47]

(S. stenotomum)

Source: Authors

Saponins extracted from Saqta root were characterized using
infrared spectroscopy and thermogravimetric analysis. Fig. 4
shows the infrared spectrum obtained for Saqta saponins.
A broad signal is observed between 3000 and 3500 cm™
corresponding to the presence of hydroxyl groups associated
with glycosidic moieties and residual moisture content [48].
A signal is also observed at 2928 c¢cm™, corresponding to
carbon and hydrogen (C-H) bonds present in the saponin
molecules and the aliphatic stretching vibration [48]. A weak
peak at 1720 cm™ corresponds to C=O vibrations, similar to
Quillaja saponin. Schreineretal. [49] indicated that this peakis
related to acid groups of glucuronic, quillaic, and gypsogenic
acid, suggesting the presence of aldehyde and/or carboxylic
groups. In addition, Almutairi et al. [50] mentioned that the
presence of C=0 bands is characteristic for triterpenoid
saponins. These saponins appear to be bidesmosides, so
the aglycone (sapogenin) is attached to two separate sugar
chains. The peak at 1598 cm™ is related to C=C stretching
and the band at 1405 cm™ may correspond to a C-N group,
as previously reported for saponins extracted from Reetha
biowaste [51]. Moreover, at 1260 cm”, a bending vibration
peak within the C-O-H plane was noted [52]. The peaks
at 1069 cm™ and 1026 cm™ are related to C-O-C linkage
absorption, while the peak at 1155 cm™ corresponds to C-O
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groups present in the saponin moiety [53]. In conclusion,
the FTIR spectrum reveals the detection of saponins in the
crude extraction through the identification of characteristic
hydroxyl, aliphatic, carbonyl, and glycosidic functional
groups. The presence of polar groups (-OH and C-O-C)
together with hydrophobic hydrocarbon-related vibrations
(C-H and C=C) reflects the amphiphilic nature of saponins,
which are composed of hydrophilic sugar moieties linked
to hydrophobic sapogenin structures. As mentioned above,
the -OH, C-H, C=C, C=0, and C-O-C bands identified in
crude Saqgta saponin are similar to those reported for other
triterpenoid saponins, suggesting comparable functional
groups and intermolecular interactions, such as those
observed in Quillaja saponins.

e
T ﬁ 1720cm*

2928 cmt

d//
—
{i“'—
e
—= &
S
.
z/_

Transmittance (A.U.)
5
&
El

1069 cm™ |

|

1026 cm*

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™?)

Figure 4. FTIR spectra for Saqta saponin.
Source: Author

Additionally, thin-layer chromatography (TLC) technique was
carried out. The high retention factor (hR«) was calculated as
follows in Eq. (5) [54]:

Distance of sample spot from start point
Distance of reference material from start point

(5)

hRg =

In our analysis, the hR« values for Saqta saponins were 35,
60 and 65 (Fig. 5b), related to one low-intensity spot and two
high-intensity spots in TLC plates, respectively. Compared
with commercial Quillaja saponin, values of hRs: are similar
to Saqta saponins, suggesting a comparable composition
between the saponins from these two sources (Table 2).
Saponins are glycosides characterized by a hydrophobic
aglycone (sapogenin) core linked to one or more hydrophilic
sugar moieties [55]. The similarity in hR« values suggests
analogous aglycone structures and glycosylation patterns
between Saqta and Quillaja saponins, with minor variations
attributed to glycosidic substitution or branching, which can
subtly alter the polarity of the compounds. Previous studies
on Quillaja saponins have identified key components,
such as quillaic acid-based sapogenins, with varying sugar
residues like arabinose, xylose, and rhamnose [56]. The
comparable chromatographic behavior of Saqta saponins
implies the presence of similarly structured sapogenins and
sugar chains.
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In general, the values of hR« for saponins vary over a
wide range. For instance, Sharma et al. [34] reported hRs
values ranging from 7 to 186 in their study of saponins
from multiple plant species and plant parts. Similarly,
Soltani et al. [54] found hRst values from 4 to 31 for other
saponins derived from sea cucumber. In both studies,
sulfuric acid was used as a reagent to produce clear, well-
defined spots. From our experiment, we demonstrated
that the n-butanol:water:acetic acid (84:14:7) medium
is suitable for the detection of saponins, yielding clear
and reproducible separations. This medium proved to be
effective in highlighting the unique characteristics of Saqta
saponins while facilitating comparisons with commercial
counterparts.

i B .
i T T 8cm
|
3 > -
;r, 4 Sagla Sepnsner
a) b)

Figure 5. TLC plates for aqueous solutions of Saqta saponins at mass-to-
volume ratios of a) 1:10 and b) 1:50.
Source: Author

Table 2. Values for hRs in thin-layer chromatographic analysis of
saponins from Saqta root and commercial Quillaja powder.

Source Scientific name hRst values
Colignonia parviflora var. 35, 60, 65
Saqta root biumbellata (Spot 1, Spot 2, Spot 3)
Quillaja Quillaja Saponaria 51,538, 58.8

(Spot A, Spot B, Spot C)

Source: Authors

Fig. 6andFig. 7 show the TGAand DSC thermograms where, in
general terms, decomposition occurs in four stages. The first
stage involves the loss of absorbed moisture and chemically
bonded water (up to 200°C); in DSC thermogram, a small
endothermic peak is noticed. The second stage, occurring
between 200°C and 320°C, corresponds to the initial
degradation associated to the disruption of glycosidic linkage
and sugar-based glycosides [57], similar to decomposition
of cellulose and hemicellulose [58]. As seen in DSC

thermogram, this process displays an exothermic process.
The third stage, between 350 and 600°C, corresponds to
the gradual degradation of the polymer chains by breaking
carbon bonds. Exothermic peaks at 350°C and 430°C
indicate that the depolymerization of oligosaccharides is
taking place with the decomposition of carbon rings [59].
In the fourth stage, above 620°C, complete degradation
begins, culminating in the carbonization of the material at
850°C. The percentage of ash obtained is approximately
36.8% by weight, consistent with previous studies [51,58].

To explore the characteristics of saponin and saponin foam,
the afrosymetric method was performed. This method is
based on the property of saponins to decrease the surface
tension of water and forms relatively stable foam, whose
height correlates with saponin concentration [60-61]. As
shown in Fig. 8, different Saqta saponin solutions form
stable foam after stirring. The foam height of saponin
solutions (ranging from 0.2 wt% to 10 wt%) was measured
and reported in Fig. 9a for comparison. At concentrations
of 1 wt% and below, the relatively high standard deviations
observed could be associated with the inherent variability
of foam formation and/or insufficient agitation during the
test [60]. In contrast, at higher saponin concentrations, the
air-water interface becomes more effectively covered by
saponin molecules, leading to the formation of stronger
interfacial liquid films around the bubbles. As a result, the
foam structure becomes more homogeneous, taller and
more stable, reducing variability between measurements and
resulting in more reproducible foam heights, with standard
deviation values representing less than 8% of the mean foam
height [40]. Also, as seen in the inner table in Fig. 9b, the
foam height of saponin solutions above 2% is close to the
measurable limit of the test tube (9.5 cm), indicating that
the actual foam height is likely higher. Similarly, the foam
stability increases with the saponin concentration [36,61].
After 5 min of shaking, the foam height of saponin solutions
above 3 wt% remained similar to the initial foam height.
Based on the afrosymetric method, it is possible to extract
saponins from Saqta, and their presence is determined
by the formation of a stable and persistent foam at the
liquid/air interface.

100 1 r 0.00E+00
 -1.00E+00
[ -2.00E+00

F -3.00E+00

 -4.00E+00

(2./%) 210

% Weight
3

50 + I -5.00E+00
10 1 r -6.00E+00

30 1 I -7.00E+00

20

; ; ; + -8.00E+00
0 200 400 600 800 1000
Temperature (°C)

Figure 6. TGA (blue) and DTG (grey) thermogram for Saqta saponin.
Source: Author
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Figure 7. DSC thermogram for Saqta saponin.
Source: Author

Figure 8. Examples of test tubes for afrosymetric method.
Source: Author

The surface tension of different Saqta saponin aqueous
solutions was measured using a capillary rise method. In
Fig. 10, it can be observed that the surface tension of saponin
solutions decreases as a function of saponin concentration
(Wt%). For example, the surface tension of water (data not
shown) was 72 x 107 )/m2 under laboratory conditions (20°C),
close to the theoretical value. However, as the saponin
concentration increased, the surface tension of the aqueous
solutions decreased. Up to 3% saponin concentration, the
surface tension value declined consistently. However, the
surface tension for solutions at 5% and 10% of saponin did
not exhibit a significant change. Based on this trend, the
critical micelle concentration (CMC) was calculated at 4.59
wt% of saponin, at which the surface tension reached a value
of 42x10% J/m?, demonstrating that the extract exhibits
significant surface-active properties comparable to different
plant-derived saponins reported in the literature (Table 3).
At the CMC, saponin molecules tend to aggregate and form
micelles, causing the surface/interfacial tension to decrease
until a constant value is reached, indicating saturation of the
interface by the surfactant molecules. [1, 62-63].
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Figure 9a. Data obtained from the afrosymetric method. Comparative

graph of foam height results.
Source: Author

Concentration of Foam height {cm)
Sagta Saponin Average * SD

(pemit) t=0 min t=5 min
0,05% 2,63 +0,21 1,50 +0,19
0,10% 2,43 +£0,12 1,15 0,12
0,2% 2,23 40,26 2,40 +0,17
0,3% 2,70 +0,22 2,25 +0,26
0,4% 3,10 £ 0,42 2,15 £ 0,58
0,5% 3,43 £0,26 2,50 +0,17
0,6% 2,63 +0,82 1,20 + 0,99
0,7% 3,60 0,16 2,40 £ 0,25
0,8% 2,73 +£0,82 1,60 £0,75
0,9% 3,87 +0,12 2,40 +0,19
1,0% 4,70 +0,36 3,70 + 0,45
1,50% 5,45 + 0,08 4,70 +0,17
2% 5,55 +0,12 4,70+0,12
3% 5,70 + 0,00 5,10 +0,17
4,00% 5,60 + 0,00 5,25 +0,05
5,0% 5,65 + 0,05 5,60 + 0,05
10,0% 5,70 + 0,00 5,65 + 0,05

Figure 9b. Data obtained from the afrosymetric method. Foam height
values.
Source: Author

In our study, this CMC value is higher compared to other
saponins extracted from quinoa, Quillaja bark, and roots
previously reported. For example, the CMC of Quillaja
saponins ranges from 0.5 to 0.8 g/L [5], while the CMC for
quinoa saponins is approximately 1.5 g/L [58]. Furthermore,
the previously reported CMC value for Saqta powder was
about 1 wt% [36]. For other plants and roots, CMC values
can range from 0.004 to 0.8 g/L [3]. Nevertheless, the CMC
obtained in the present study was comparable to saponins
extracted from alfalfa, Ziziphus spina-christi and Matricaria
chamomilla (Table 3). As previously discussed, the Saqta
saponin extract may contain other metabolites, such as
proteins, sugars, phenolic compounds, and polysaccharides.
The presence of those metabolites can lead to higher
CMC values because these molecules may compete for
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interfacial space, modify the solution viscosity, hinder
micelle formation, and may induce depletion flocculation
of the droplets when added at higher concentrations
[64]. Consequently, these metabolites may interfere with
the self-assembly behavior of saponin molecules. On
the other hand, the higher CMC value may be associated
with the hydrophilic character and the extension of the
saccharide chains. An increase in the number or length of
hydrophilic chains can enhance the solubility of saponins
while reducing their tendency to self-assemble into micelles
[45, 65-66]. Assuming that this behavior is associated with
Saqta saponin, a higher concentration of saponin molecules
would be required to initiate micelle formation. As stated by
Schreiner et al. [49], saponins can be described as a complex
mixture of glycosides with a similar sapogenin composition.
Therefore, this hypothesis should be confirmed through
further structural characterization studies.
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o
°
R

0,055

Surface tension (J/m?)

g
°
@

0,04 1
0,01 0,1 N ¢ 1 CMC = 4,59% 10
Concentration (% w/w)

Figure 10. Surface tension of Saqta saponin solutions.
Source: Author

Table 3. Reported CMC values for saponins extracted from various
sources.

Saponin o Surface tension
source CMC (wt%) (107 J/m?) Reference

Saqta root 4.59% 42 This study
Quillaja bark 0.01%-0.08% 27-42 [49]
Sapindus o
mukoross 0.0243% 41.8 [67]
Tea 0.04% 31.4 [68]
Pyagi Phool
bulbs 0.064% 40.76 [69]
Gingseng
medical plant 0.083% 38.92 [70]
Yuca 0.1% 38 [71]
Ritha pericarp 0.75% 35.30 [69]
Albizia amara 1% 57.13 [72]
Ruscus aculeatus 0.0756% N.A. [64]
Quinoa seeds 0.15% N.A. [58]
Ziziphus .
spinachristi 3.0-3.7% NA. (73]
Alfalfa 4% N.A. [74]
Matricaria o
chamomilla 5.5% NA. (751

Source: Author

According to the results obtained, Saqta saponins exhibit
interesting characteristics. Firstly, Saqta root is used as
a natural “soap” or “detergent” source. Various Andean
rural communities have reported their use for cloth
washing and personal hygiene. However, few studies
have explored the potential applications of these natural
surfactants. For example, quinoa is a well-known source of
saponins with potential applications due to their biological
activity. Hernandez-Ledesma [19] indicated that quinoa
saponins showed antiviral, antimicrobial, antioxidant, anti-
inflammatory, cytotoxic, analgesic, hypocholesterolemic,
hypoglycemic, antithrombotic, diuretic, minerals and
vitamins absorption modulatory, neuroprotective, and
immunostimulatory activities. El Hazzam et al. [20]
indicated that quinoa saponins have a very positive effect on
the production of cellular and humoral immune responses
to OVA in mice and a high capacity to potentiate antibody
responses. For this reason, quinoa saponins have attracted
attention in medicine, pharmacology, and biology. Another
source of saponins is Quillaja. Similar to quinoa, Quillaja
is endemic to South America and serves as a commercial
source of saponins, widely used as foaming, wetting, and
emulsifying agents in the food and cosmetic industries,
[22]. Jurado-Gonzales et al. [76] mentioned that Quillaja
saponins have been shown to stabilize food emulsions
with less sensitivity to pH, the presence of ions, and higher
thermal stability (up to 90°C) than conventional emulsifiers.
In addition, Quillaja saponins are highly soluble in water
but have low solubility in non-polar solvents [49]. These
examples highlight the importance of regional saponin
sources, which deserve more attention due to their unique
characteristics and ancestral knowledge. In our case, Saqta
saponins can be easily extracted and are capable of forming
stable solutions and emulsifiers. Further studies are required
to investigate the technological and functional properties of
emulsions, with a deeper understanding of their chemical
and biological characteristics.

Conclusions

This study aimed to extract and characterize saponins
from the Andean root of Colignonia parviflora (Saqta),
a plant traditionally used as a natural detergent. The
research questions addressed whether saponins could
be successfully extracted from Saqta root, and the study
hypothesized that these saponins would exhibit surfactant
properties comparable to those of commercial saponins and
could serve as a viable alternative to synthetic surfactants.
The results obtained throughout the study largely support
this hypothesis. A saponin-rich extract was obtained
from the Saqta root using a 70% ethanol-water mixture,
yielding an average of 6.28% by weight. The extracted
saponins demonstrated high solubilization capacity, and
their aqueous solutions exhibited stable foam formation.
The extract was characterized using infrared spectroscopy,
thin-layer chromatography, and thermogravimetric analysis,
revealing similarities in chemical structure and properties
with commercial saponins, such as Quillaja saponins.
Additionally, the surfactant properties of the saponin-
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based solutions were confirmed. Saqta saponins showed
high solubility in water, with solutions displaying surface
tension values lower than that of water. The critical micelle
concentration (CMC) was determined to be 4.59 wt%,
indicating micelle formation at this concentration. This CMC
value is higher compared to other saponins, but as noted
in previous studies, CMC values can vary depending on
the botanical source. Moreover, foam height was found to
correlate with saponin concentration, demonstrating good
stability at concentrations greater than 3% by weight. These
results highlight that the properties of saponins extracted
from Saqta root could be applied in the production of
surfactants for cosmetic formulations or water treatment.
Future studies could focus on the structural analysis of Saqta
saponin molecules, particularly examining their molecular
size and hydrophobic behavior.
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