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Quinoa has a high nutraceutical potential because of the presence of secondary metabolites called saponins, which have industrial
and medicinal uses and protect against attacks by pathogens. These compounds are found especially in the seed coat and give the
grain a bitter taste; therefore, they must be eliminated before consumption. Despite the potential use in Colombia, there are few
studies aimed at quantifying this metabolite. Therefore, the objective of this research was to evaluate two extraction methodologies
(physical and chemical) and two methods for quantifying saponins in five quinoa genotypes grown in Colombia. The most
efficient extraction method was the physical method. The saponin contents of the five genotypes were variable. The cluster
analysis differentiated the genotypes into two groups: low saponin content (<4.49 mg/g seed) and high saponin content
(>14.76 mg/g seeds). Blanca de Jericé had the lowest saponin content (<0.40%), and Amarilla de Marangani had the highest
content (>0.18%). Identifying more efficient methodologies for extracting and quantifying saponins will allow a better
characterization of the germplasm and selection of genotypes with desirable characteristics for both consumption and

industrial use.

1. Introduction

The native quinoa crop (C. quinoa) is one of the older ones,
originating in the Andes region in South America, mainly in
Peru, Ecuador, Chile, Bolivia, and Colombia [1], where the
latter has a planted area of 2,600 hectares and a production
of 4,781 tons per year [2]. The rise of this cultivar is due to
its nutritional properties, adaptability to different environ-
mental conditions, and genetic variability, qualities that
make it a promising crop for food security and sover-
eignty [3].

However, quinoa contains in the pericarp (86%) some
antinutritional compounds, known as saponins [4] which
give the grain a bitter taste. These can be highly toxic if
ingested in large quantities, so they should be removed
before consumption [5]. Saponins are secondary metabolites
that play an important role in the defense of plants against

attack by herbivores, pests, and diseases [6] and are found
in different plant organs, such as leaves, stems, flowers, and
roots. About 31 triterpenic saponins have been reported
for quinoa, with a content between 0.1 and 5%, distributed
in all parts of the plant but with a high concentration mainly
in the seeds [5, 7].

The saponins present in quinoa seeds can be used in the
cosmetic and pharmaceutical industry because they have
anti-inflammatory, anticancer, antioxidant, antifungal, anti-
bacterial, and hemolytic biological properties, among others
[8]. In addition, they are being used in various agroindustry
products, such as detergents, soaps, shampoos, beer, or bio-
pesticides [9, 10].

Currently, farmers remove these metabolites from qui-
noa seeds due to its bitter taste, using large volumes of water,
generating a large amount of solid waste and contaminating
natural water sources. There are different methodologies for
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FIGURE 1: Standard saponin calibration curve. (a) Spectrophotometric method and (b) afrosimetric method.

the extraction of saponins, being the physical extraction or
scarification is the most used, which produces a by-product
rich in saponins and other nutrients through mechanical
friction [4]. On the other hand, due to the amphiphilic
nature of saponins, other techniques are used, such as Soxh-
let and maceration, which are based on the solubility of the
solute (saponins), extracting them with a solvent (e.g., alco-
hol water-mixture), where factors such as agitation and
increased temperatures substantially improve the extraction
process [11].

On the other hand, high or low saponin contents cause
quinoa genotypes to be classified as sweet or bitter [12].
There are various quantification methods, including the
notable afrosimetric method, where the formation of a stable
and persistent foam in the liquid/air interface indicates the
presence of saponins [13]. The spectrophotometric method
determines the total number of saponins by measuring the
absorbance of the sample at a set wavelength, and the chro-
matographic method identifies a specific type of saponins
with a defined pattern [11].

The standardization of more efficient and environmen-
tally friendly saponin extraction and quantification pro-

cesses could be a useful tool in genetic improvement and
genotype selection programs, in addition to allowing a better
sustainable use of the potential of quinoa. For this reason,
the present research was aimed at identifying the best meth-
odologies for the extraction and quantification of saponins
in the seeds of the five quinoa genotypes grown in Colombia,
using physical and chemical extraction methods, with subse-
quent quantification using spectrophotometry and the afro-
simetric method as an initial approach towards the
identification of genotypes with better biochemical charac-
teristics that could meet the needs of farmers, producers,
and consumers.

2. Materials and Methods

2.1. Plant Material. Five quinoa genotypes (C. quinoa) were
evaluated: Blanca Jericé (B]), Tunkahuan (TK), Negra de la
Colorada (NC), Dorada (DO), and Amarilla de Marangani
(AM), belonging to the collection of seeds at the “Labora-
torio de Biotecnologia Vegetal de la Secretaria de Desarrollo
Agropecuario” of the department of Boyaca.
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FIGURE 3: Saponin content (mg/g seed) of the five quinoa genotypes with each extraction methodology. Averages with different letters
indicate a significant difference according to the Tukey mean comparison test (p < 0.05). Vertical bars indicate standard error (n = 3).

2.2. Saponin Extraction

2.2.1. Physical Extraction of Saponins. 10g of seeds of each
genotype was subjected to a scarification process with abra-
sive paper No. 600 for 15min. Subsequently, the resulting
powder (bran) was sieved, collected, and weighed.

2.2.2. Chemical Extraction of Saponins. The extraction with
chemical solvents was carried out according to the modified
Flores et al. [14] methodology. During 48 h, 50 g of seeds of
each quinoa genotype was placed in an Erlenmeyer flask
with 150ml of 70% ethanol. The mixture was filtered, and

the procedure was repeated for 24 h. Then, the extracts were
mixed and concentrated to dryness in a water bath at 65°C.
The residue was dissolved in 10ml of distilled water and
extracted with n-butanol. Finally, the extracts were concen-
trated to dryness in a rotary evaporator until a dry residue
was obtained.

2.3. Quantification of Saponins

2.3.1.  Quantification of Saponins with  UV/VIS
Spectrophotometry. A calibration curve was elaborated using
saponins as the standard (CAS-No 8047-15-2), with a purity
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FIGURE 4: Saponin content (mg/g seed) of the five quinoa genotypes quantified by the afrosimetric method. Averages with different letters
indicate a significant difference according to the Tukey mean comparison test (p < 0.05). Vertical bars indicate standard error (n = 3).
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FIGURE 5: Dendrogram of the five quinoa genotypes, grouped by saponin content in mg/g seeds. (a) Spectrophotometric method and (b)

afrosimetric method.

TaBLE 1: Percentages of saponins in the grains of the five quinoa
genotypes from the two spectrophotometric and afrosimetric
quantification methods.

% saponins
Genotypes 0 sap

Spectrophotometry Afrosimetric
Amarilla de Marangani 4.93+0.30 0.180 + 0.006
Blanca de Jerico 0.40 +0.06 0.000
Dorada 3.75+0.09 0.180 + 0.004
Negra de la Colorada 2.94+0.14 0.150 + 0.005
Tunkahuan 0.45+0.08 0.001 +0.001

+ standard error.

percentage of 100%. In analytical balance, 2 mg of the stan-
dard was weighed and dissolved in 70% ethanol. One milli-
liter of the standard solution and 3.5ml of Liebermann-
Burchard reagent (16.7% acetic anhydride in concentrated
sulfuric acid) were added to scan between 325 and 600 nm
in the spectrophotometer (Thermo Scientific Genesys 10S
Vis) and to determine the wavelength of the maximum

absorption. From the concentrated standard solution, dilu-
tions (0-0.4 mg/ml) were made with the same solvent. 1 ml
of the reagent was added to each of these solutions, and after
30 min, the absorbance was measured. The calibration curve
was performed in triplicate.

To quantify the saponins of the quinoa genotypes, 3.5 ml
of Liebermann-Burchard reagent was added to 1 ml of the
diluted extract. The solution was vortexed and allowed to
stand for 30 min at room temperature, after which the absor-
bance at the determined wavelength was measured [15]. The
measured absorbance was the result of the absorbance of
saponin, the pigment (substances derived from the color of
the quinoa seed), and the reagent [16]. To determine the real
absorbance of the sample, the following equation was
applied:

Ap=Ay —Apc—Aps (1)

where Ay is the actual absorbance, A,; is the measured
absorbance of the sample, Ap. is the absorbance of the
reagent, and A, is the absorbance of the pigment.
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2.3.2. Quantification of Saponins with the Afrosimetric
Method. The calibration curve was performed in triplicate
using saponins with 100% purity as a standard, based on
the methodology of Lozano et al. [17]. Eight solutions in
increasing concentration (0-1.28 mg) were prepared with
the standard. They were added into 15mm diameter test
tubes with 5ml of distilled water. They were covered and
shaken vigorously for 30s, taking the first measurement
(foam height in cm) after 30s. A second measurement was
taken 15min after shaking. Subsequently, each tube was
shaken again for 30s, and the foam height was recorded
again 30s after the second shaking and after 15 min at rest.

The quantification was carried out based on the method-
ology of Koziol [18], with some modifications, in which 0.5 g
of quinoa seeds (+£0.0001g) was weighed and added to a
tube, 15cm long by 15mm in diameter; then, 5ml of dis-
tilled water was added, the tube was covered, and the solu-
tion was vigorously stirred for 30s. They were left to stand
for 30 min, and the solution was stirred again for 20s, leav-
ing them to stand for a further 30 min. Afterwards, the solu-
tion was stirred again for 30s, with a final strong stirring,
and they were left at rest for 5 min. After the stirring process,
the height of the foam was measured using a ruler with a
precision of 0.1 cm.

2.4. Statistical Analysis. For the statistical analysis of the
information, a descriptive analysis and normality and homo-
geneity of variance test were performed using Shapiro-Wilk
and Levene tests, respectively. To validate the assumptions,
an analysis of variance (ANOVA) and a Tukey comparison
of means test were performed with a significance level of
0.05 (95%). A cluster analysis was done to identify the degree
of similarity between the genotypes based on saponin con-
tent. Infostat version 2020 was used for data analysis.

3. Results and Discussion

The calibration curves for the quantification with spectro-
photometry and the afrosimetric method presented a coeffi-
cient of determination of R*=0.99, which indicated that
there was a significant correlation between the variables,
concentration of saponins (mg/ml) and absorbance
(Figure 1(a)), and the saponin concentration (mg/ml) and
foam height (cm) (Figure 1(b)). The absorbance readings
were taken at the determined maximum absorption wave-
length of 388 nm.

Figure 2 shows the coloration of the samples obtained in
each extraction method for each genotype evaluated. The
Amarilla de Marangani, Dorada, and Negra de la Colorada
genotypes turned pink (Figures 2(a) and 2(b)), indicating the
presence of triterpenic saponins, which take on this color, or
red or purple when reacting with the color reagent [16]. Blanca
de Jericé and Tunkahuan presented a green-yellow color in
the chemical extraction samples (Figure 2(b)), characteristic
of steroidal saponins [19].

Figure 3 shows the content of saponins quantified by spec-
trophotometry method; of the two extraction methods, the
physical method eliminated a higher saponin content in all
genotypes, with concentrations between 3.29 and 49.27 mg

saponin/g seed. Therefore, it is an efficient and easy-to-
implement extraction method for the removal of saponins
with less time and without using solvents. However, the fric-
tion on the seeds to eliminate these compounds is heteroge-
neous, which can cause damage to the embryo or eliminate
other molecules such as proteins, lipids, and/or carbohydrates,
decreasing the nutritional quality of the grain [4, 20].

On the other hand, the chemical extraction method
extracted a lower content of saponins than the physical
method, removing between 0.55 and 24.18 mg saponin/g of
seeds, varying the amount of each genotype, content that is
influenced by the purification process carried out with n-
butanol since it reduces the amount of saponins originally
found in the sample, where only saponins that have oligosac-
charide chains are extracted in the butanolic phase [21],
leaving saponins with long sugars in the aqueous phase.

The saponin contents of all evaluated genotypes were
variable and exceeded the permissible limits for human con-
sumption of 120 mg/100 g of C. quinoa according to Andean
Standard NB 0038 [22]. Blanca de Jeric6 and Tunkahuan
may be suitable for human consumption after light washing
or scarifying, since they presented more than 1.2 mg/g seeds.
The genotypes with a high saponins content, such as Amar-
illa de Marangani, Dorada, and Negra de la Colorada, which
had values between 14 and 50 mg/g seeds, require a specific
postharvest treatment to eliminate these compounds.
Montes et al. [23] obtained similar results when evaluating
the saponin content of a quinoa germplasm bank from
Cauca Colombia, also finding variability in this
characteristic.

The quinoa genotypes evaluated with the afrosimetric
quantification method presented equally variable saponin
contents, where Amarilla de Marangani and Dorada pre-
sented contents greater than 1.7 mg/g seeds and Blanca de
Jericé and Tunkahuan less than 0.02 mg/g seed (Figure 4).
This method is widely used because saponins reduce the sur-
face tension of water and form a relatively stable foam; their
height correlates positively with the saponins content in qui-
noa seeds [24].

It has been reported that the variability in the content of
saponins is probably determined by a group of plant genes
and by the environmental conditions of the crop, influencing
abiotic factors such as precipitation, temperature, photope-
riod, and soils with high salinity, along with the plant’s
response to different types of stress [1, 25]. On the other
hand, molecular studies have shown that the presence of
saponins is correlated with the thickness of the outer layer
of the seeds; that is, bitter genotypes have a thicker outer
layer and therefore a higher content of saponins, unlike the
sweet ones [26].

The cluster analyses obtained from the quantification
with spectrophotometry and afrosimetric methods grouped
the genotypes in two clusters (Figure 5). Group I had geno-
types with a low content of saponins in the seeds, i.e., Blanca
de Jeric6 (B]) and Tunkahuan (TK), and the Amarilla de
Marangani (AM), Dorada (DO), and Negra de la Colorada
(NC) genotypes, although they are grouped differently
because of the variations in the content of saponins quanti-
fied with each method, made up the second group.



The two methods used to quantify the saponins in the
five quinoa genotypes showed differences, with values
between 0.4% and 4.9% of saponins with the spectropho-
tometry method using the values of the physical extraction
method and 0% and 0.18% saponins with the afrosimetric
method (Table 1). These results agree with other studies car-
ried out on C. quinoa, where significant differences were
reported between both saponin quantification methods [27].

The variability in the quantification methods found in
this study and reported in the literature shows that classify-
ing quinoa genotypes according to saponin content may dif-
fer to quantification method; thus, in the spectrophotometry
quantification method, the bitter genotypes had saponin
contents between 1% and 5%, the semibitter ones had
between 0.1% and 1%, and the sweet ones had between 0%
and 0.15% [7, 28]. In the afrosimetric method, the genotypes
were classified into sweet, with contents lower than 0.11%,
and bitter, with contents higher than 0.11% [12].

The genotypes were classified with the spectrophotomet-
ric quantification method as follows: Blanca de Jerico
(0.40%) and Tunkahuan (0.45%) as semibitter genotypes
and Amarilla de Marangani (4.93%), Dorada (3.75%), and
Negra de la Colorada (2.94%) as bitter genotypes.

On the other hand, the saponin contents quantified with
the afrosimetric method classified the genotypes Blanca de
Jericé and Tunkahuan (0% and 0.001%, for both) as sweet,
with saponin contents lower than 0.11% [12]. These results
agree with those reported by Montes et al. [23], who used
the afrosimetric method to quantify saponins in Blanca de
Jericé and Tunkahuan, obtaining 0.0012% and 0.0050%,
respectively. The genotypes Amarilla de Marangani
(0.18%), Dorada (0.18%), and Negra de la Colorada
(0.15%) presented contents greater than 0.11% and were
classified as bitter, coinciding with the report by Ahumada
et al. [5].

Currently, the increase in the cultivated area of quinoa is
due, among other things, to a greater demand worldwide, its
broad genetic diversity, adaptability to extreme environ-
ments, and the presence of secondary metabolites with
industrial and pharmaceutical uses. The biochemical evalua-
tion of the quinoa germplasm will facilitate the identification
of genotypes that can be used for agricultural, cosmetic, and
medicinal purposes, taking advantage of the potential use of
quinoa cultivated in the Andean region.

4. Conclusions

The physical extraction method extracted a higher content
of saponins in all evaluated quinoa genotypes; however, het-
erogeneous friction can remove other nutritionally impor-
tant compounds in the seeds.

Saponin contents were variable in each of the genotypes
evaluated, where Blanca de Jericé and Tunkahuan had low
saponin contents that can be easily eliminated with scarifica-
tion and Amarilla de Marangani, Dorada, and Negra de la
Colorada had high contents that require treatments to elim-
inate saponins for fresh consumption; however, they can be
a promising source of these metabolites for industrial or
pharmaceutical uses.

International Journal of Food Science

Of the quantification methods, the afrosimetric method
can be used by quinoa farmers as a quick and presumptive
method to estimate the saponin content, and the spectro-
photometric method can be used to identify with greater
precision and certainty the total saponin content in the qui-
noa seeds.

Data Availability

All the data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

There is no conflict of interest between the authors of this
manuscript.

Authors’ Contributions

All the authors of this manuscript declare that they partici-
pated in the design and preparation of this manuscript.

Acknowledgments

The “Patrimonio Auténomo Fondo Nacional de Financia-
miento para la Ciencia, la Tecnologia y la Innovacién Fran-
cisco José de Caldas- MinCiencias. C4d. 63924,” the CIDE
group “Competitividad, Innovacion y Desarrollo Empresar-
ial,” and the Faculty of Agricultural Sciences of the Universi-
dad Pedagdgica y Tecnoldgica de Colombia supported the
study.

References

[1] M. A. Garcia, N. Plazas, D. Carvajal, S. Ferreira, and J. Parra,
“Description of saponins in quinua (Chenopodium quinoa
Willd) with relation to the soil and the climate: a review,”
Informador Técnico, vol. 82, pp. 241-249, 2018.

[2] Ministry of Agriculture and Rural Development, MADR, “In
the last 4 years, quinoa has had a growth of more than 150%
in production areas. mining agriculture,” 2018, July 2021,
https://www.minagricultura.gov.co/noticias/Paginas/En-los-
ultimos-4-afnos,-la-quinua-ha-tenido-un-crecimiento-de-
mas-del-150-en-dreas-de-produccion-.aspx.

[3] FAO, Quinoa, “Ancient crop to contribute to global food secu-
rity,” in Regional Office for Latin America and the Caribbean,
Proinpa, 2011.

[4] S. Rafik, M. Rahmani, J. Rodriguez et al., “How does mechan-
ical pearling affect quinoa nutrients and saponin contents?,”
Plants, vol. 10, no. 6, pp. 1-22, 2021.

[5] A.Ahumada, A. Ortega, D. Chito, and R. Benitez, “Saponins of
quinoa (Chenopodium quinoa Willd.): a by-product with high
biological potential,” Revista Colombiana de Ciencias Quimico
Farmacéuticas, vol. 45, pp. 438-469, 2016.

[6] K. Ruiz, B. Khakimov, S. Engelsen, S. Bak, S. Biondi, and
S. Jacobsen, “Quinoa seed coats as an expanding and sustain-
able source of bioactive compounds: an investigation of geno-
typic diversity in saponin profiles,” Industrial Crops and
Products, vol. 104, pp. 156-163, 2017.

[7] O. Kiling, S. Ozgen, and Z. Selamoglu, “Bioactivity of triter-
pene saponins from quinoa (Chenopodium quinoa Willd.),”


https://www.minagricultura.gov.co/noticias/Paginas/En-los-�ltimos-4-a�os,-la-quinua-ha-tenido-un-crecimiento-de-m�s-del-150-en-�reas-de-producci�n-.aspx
https://www.minagricultura.gov.co/noticias/Paginas/En-los-�ltimos-4-a�os,-la-quinua-ha-tenido-un-crecimiento-de-m�s-del-150-en-�reas-de-producci�n-.aspx
https://www.minagricultura.gov.co/noticias/Paginas/En-los-�ltimos-4-a�os,-la-quinua-ha-tenido-un-crecimiento-de-m�s-del-150-en-�reas-de-producci�n-.aspx

International Journal of Food Science

(10]

(11]

(12]

(13]

(14]

(15]

(17]

(18]

(20]

(21]

(22]

Research & Reviews: Research Journal of Biology, vol. 4, no. 4,
pp. 25-28, 2016.

M. Lin, P. Han, Y. Li, W. Wang, D. Lai, and L. Zhou, “Quinoa
secondary metabolites and their biological activities or func-
tions,” Molecules, vol. 24, no. 13, pp. 1-47, 2019.

Y. Han, J. Chi, M. Zhang et al., “Changes in saponins, pheno-
lics and antioxidant activity of quinoa (Chenopodium quinoa
Willd) during milling process,” LWT - Food Science and Tech-
nology, vol. 114, pp. 108381-108387, 2019.

M. Velasquez and Y. Vélez, “Conceptual design or a plant of
extraction of saponins presents in the fique’s juice,” Ingenieria,
vol. 25, pp. 50-67, 2020.

C. Cheok, H. Abdel, K. Salman, and R. Sulaiman, “Extraction
and quantification of saponins: a review,” Food Research Inter-
national, vol. 59, pp. 16-40, 2014.

A. Gémez, G. Iafelice, V. Verardo, E. Marconi, and M. Caboni,
“Influence of pearling process on phenolic and saponin con-
tent in quinoa (Chenopodium quinoa Willd),” Food Chemis-
try, vol. 157, pp. 174-178, 2014.

F. Amankeldi, Z. Ospanova, and K. Musabekov, “Composite
foaming agents on the basis of high-molecular natural surfac-
tants,” Colloids and Interfaces, vol. 2, no. 1, pp. 2-8, 2018.

T. Flores, J. Huaman, and G. Tomas, “Comparative study of
three quantitative methodologies for the extraction of sapo-
nins from Melisa officinalis “Toronjil.”,” Revista Peruana de
Quimica e Ingenieria Quimica, vol. 16, pp. 47-51, 2013.

M. Mhada, M. Metougui, K. El Hazzam, K. El Kacimi, and
A. Yasri, “Variations of saponins, minerals and total phenolic
compounds due to processing and cooking of quinoa (<i>Che-
nopodium quinoa</i> Willd.) Seeds,” Food, vol. 9, no. 5,
pp- 1-16, 2020.

V. Gianna, Extraction, Quantification and Purification of
Saponins from Chenopodium quinoa Willd Seed from North-
western Argentina, 2013, July 2021, https://rdu.unc.edu.ar/
handle/11086/1413.

M. Lozano, E. Ticona, C. Carrasco, Y. Flores, and G. Almanza,
“Quantification of saponins in real quinoa residues Chenopo-
dium quinoa Willd,” Revista Boliviana de Quimica, vol. 29,
pp. 128-135, 2012.

M. Koziol, “Afrosimetric estimation of threshold saponin con-
centration for bitterness in quinoa (Chenopodium quinoa
Willd),” Journal of the Science of Food and Agriculture,
vol. 54, no. 2, pp- 211-219, 1991.

K. Usina, Analysis of the Surfactant Properties of Saponins
Obtained from the Fruits of Sapindus saponaria L, 2017, July
2021, http://www.dspace.uce.edu.ec/bitstream/25000/8941/1/
T-UCE-0013-Ab-23.pdf.

C. Quiroga and R. Escalera, “Evaluation of the nutritional
quality and morphology of the grain of dry-processed bitter
quinoa varieties, through the novel use of a spout-type
fluidized-bed reactor,” Revista Investigacion ¢ Desarrollo,
vol. 10, pp. 49-62, 2010.

G. Francis, Z. Kerem, H. Makkar, and K. Becker, “The biolog-
ical action of saponins in animal systems: a review,” British
Journal of Nutrition, vol. 88, no. 6, pp. 587-605, 2002.

S. Ramos, Determination of Spray-Drying Parameters of Aque-
ous Extract of Saponins and Adaptation of a Quantification
Method in Quinoa by Uv-Visible Spectrophotometry, 2017, July
2021, https://repositorio.umsa.bo/handle/123456789/
190362show=full.

(23]

(24]

(25]

[26]

(27]

(28]

C. Montes, G. Burbano, E. Muifioz, and Y. Calderdn, “Descrip-
tion of phenological cycle of four ecotypes of (Chenopodium
quinoa Willd.) at Purace - Cauca, Colombia,” Biotecnologia
en el Sector Agropecuario y Agroindustrial, vol. 16, pp. 26-37,
2018.

C. Subieta, C. Quiroga, R. Escalera, and L. Arteaga, “Recovery
of solid waste with a high content of saponins from the dry
desaponification process of bitter quinoa seeds, via a spouted
bed (Lfts),” Investigacion & Desarrollo, vol. 11, pp. 96-112,
2011.

J. Fiallos, J. Pollier, T. Moses et al., “Saponin determination,
expression analysis and functional characterization of saponin
biosynthetic genes in Chenopodium quinoa leaves,” Plant Sci-
ence, vol. 250, pp. 188-197, 2016.

D. Jarvis, Y. Ho, D. Lightfoot et al., “The genome of _Cheno-
podium quinoa_,” Nature, vol. 542, no. 7641, pp. 307-312,
2017.

A. Bergesse, P. Miranda, J. Mufari, C. Albrecht, and
N. Cervilla, “Evaluation of wet de-bittering conditions of qui-
noa (Chenopodium quinoa Willd.),” Nutricién Clinica y Dieté-
tica Hospitalaria, vol. 39, no. 1, pp. 107-114, 2019.

F. G. Cerron, “Effects of temperature and time in the debitter-
ing and drying of quinoa (Chenopodium quinoa Willd),”
2013, July 2021, http://repositorio.uncp.edu.pe/handle/20.500
.12894/2672.


https://rdu.unc.edu.ar/handle/11086/1413
https://rdu.unc.edu.ar/handle/11086/1413
http://www.dspace.uce.edu.ec/bitstream/25000/8941/1/T-UCE-0013-Ab-23.pdf
http://www.dspace.uce.edu.ec/bitstream/25000/8941/1/T-UCE-0013-Ab-23.pdf
https://repositorio.umsa.bo/handle/123456789/19036?show=full
https://repositorio.umsa.bo/handle/123456789/19036?show=full
http://repositorio.uncp.edu.pe/handle/20.500.12894/2672
http://repositorio.uncp.edu.pe/handle/20.500.12894/2672

	Extraction and Quantification of Saponins in Quinoa (Chenopodium quinoa Willd.) Genotypes from Colombia
	1. Introduction
	2. Materials and Methods
	2.1. Plant Material
	2.2. Saponin Extraction
	2.2.1. Physical Extraction of Saponins
	2.2.2. Chemical Extraction of Saponins

	2.3. Quantification of Saponins
	2.3.1. Quantification of Saponins with UV/VIS Spectrophotometry
	2.3.2. Quantification of Saponins with the Afrosimetric Method

	2.4. Statistical Analysis

	3. Results and Discussion
	4. Conclusions
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

