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Yucca is one of the main sources of steroidal saponins, hence different extracts are commercialized for use as surfactant
additives by beverage, animal feed, cosmetics or agricultural products. For a deeper understanding of the potential of the
saponins that can be found in this genus, an exhaustive review of the structural characteristics, bioactivities and analytical
methods that can be used with these compounds has been carried out, since there are no recent reviews on the matter.
Thus, a total of 108 saponins from eight species of the genus Yucca have been described.
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| 1. Introduction

The Yucca genus comprises around 50 plant species of the Agavaceae family from the American continent, but mainly
from the United States, Mexico and Central America 22, The species that belong to the Yucca genus have been used for
years in traditional medicinal practices all over the world, but especially by Native Americans . Subsequently, the
research on this genus has made clear that they are plants with a high content of bioactive steroidal saponins &,

At present, some species of the Yucca genus and their saponins have been classified as Generally Recognized As Safe
(GRAS) by the Food and Drug Administration of the United States (FDA) WMIEIS, Therefore, several extracts and
products derived from these plants have been commercialized as food supplements, parapharmaceutical complements,
moisturizing agents, soil conditioners, etc. There are several producers of Y. schidigera products in the world such as
Naturex, BAJA Yucca and American Extracts [4. The saponins present in these plants have also been tested in separate
studies, showing properties such as cytotoxic, phytotoxic, antifungal, molluscicidal, anti-inflammatory [EI9IL11](12]

There are several reviews on the steroidal saponins from the Agavaceae family, including the Yucca genus, however, no
work has been published to address this genus exclusively. The data that are usually collected in these studies are related
to the structure and bioactivities of the saponins. An example of such work is that by Simmons-Boyce in 2007, where a
total of 44 saponins found in the Yucca genus and their bioactivities were described !,

Other papers have reviewed saponins from a specific species, such as Y. schidigera [8I13], This species is the most widely
marketed and the one with the largest number of studies. Even some very active saponins such as the so-called
timosaponin A Ill, present in Y. macrocarpa and Y. gloriosa and their bioactivities have been the subject of a number of
reviews 14!,

| 2. Structure of Yucca Saponins

To date, 33 aglycones have been described as part of the saponins found in the Yucca genus L2I4IEI9ILLIAS][16][17][18][19]
[20][21][22][23][24][251[26][27][28][29][30][31][32][33][34][35]’ including spirostanic and furostanic saponins ( Figure 1 ).
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Figure 1. Structure of the spirostanic and furostanic saponins described in Yucca (1-106). The codes used for the
aglycones (A1-A33) and the sugar chains (S#A-S#H) are included. Structures of sugars chains can be found further on
original paper.

In addition to glucose, 22 different sugar chains have been described in Yucca. Disaccharides and trisaccharides exhibit a
wide structural diversity. The monomer that bonds directly to the C-3 of the aglycone can be either galactopyranose or
glucopyranose. These monosaccharides are linked by glycosidic bonding to glucopyranoses or xylopyranoses on the
positions 2’, 3’ or 4’, in the case of galactose, and 2’ or 3, in the case of glucose. The most common disaccharide in
Yucca is glucopyranosyloxy (1 - 2) galactopyranoside (S2A). Sugar chains of four or more units have also been described
in Yucca, although they are less abundant than the above described.

Overall, based on the data available, it is observed that some saponins such as 12, 16, 42, 55 and 82 are described in
three or four different species, however, the general trend is that most of the saponins are found in only one or two
species.

The saponins with a H-53 aglycone arrangement have a sugar chain of three or fewer units attached to C-3. For example,
in Y. schidigera L1318 the majority of the saponins are 5B-spirostanic and all of them have chains formed by two or
three monosaccharides. In other species, such as Y. aloifolia 221231241 the isolated saponins are 5a-spirostanic with sugar
chains of four and five units. The same trend is also true for Y. gloriosa 24, where the saponins with a B-arrangement at
H-5 have chains formed by less than three polysaccharides, while those with an a-arrangement at H-5 present the longest
chains.

| 3. Bioactivities by Yucca Saponins

The saponins isolated from different extracts of the genus Yucca have also been studied. Interesting cytotoxic activities
against various cancer cell lines have been described for saponins from Y. glauca (8, Y. desmetiana 82 and Y. schidigera
(28] Antifungal activity has also been tested on pure saponins and epimers mixtures on the C-25 position in Y. gloriosa 22,
Y. elephantipes B4 and Y. schidigera 11, showing very promising activity values. These two activities have been the most
frequently tested on the saponins from Yucca , including studies on structure-activity relationships (SAR). Apart from these
activities, two saponins from Y. desmetiana ¥ and one from Y. aloifolia 23 presented molluscidal activity.

Sun et al. B8 demonstrated with saponins from Anemarrhena asphodeloides, which included some of the saponins
contained in Yucca, that glycosylation is considered essential regarding cytotoxic activity, since when the aglycones were
tested separately, they did not exhibit any activity. Yucca fraction containing furostanic saponins did not show activity,
therefore, the study was focused on the spirostanic saponins 111,



The results from the tests with spirostanic saponins and their mixtures showed that the presence of oxidations on the C-2
and C-12 positions (hydroxyl and carbonyl groups) resulted in a drastic drop or even the absence of activity. On the other
hand, those without such oxidations present better citotoxic activities and MIC values (a1,

| 4. Analytical Methods for the Steroidal Saponins in Yucca

Spectrophotometric methods, such as UV, have also failed to prove accurate, since saponins do not have a strong UV
chromophore that can be detected by UV analysis 5. In order to improve results, saponins have been derivatized to form
colored substances. Thus, using this method, a spectrophotometric assay claimed to have determined the deglycosylation
of steroidal saponins into sapogenin within the ruminal fluid of cattle that had been fed with Y. schidigera saponins. This
assay. which was a modified version of the method described by Baccou et al. B2 showed that rumen bacteria are
capable of degrading saponin into sapogenin or aglycone but cannot degrade the aglycone core. This colorimetric method
is based on the reactions that take place with anisaldehyde, sulphuric acid and ethyl acetate to form chromophores 28!,

Other chromatographic methods have been widely used for the analysis of saponins. Thus, a low-cost method that
provides a preliminary assessment and verification of the saponins found in some commercial products containing Y.
schidigera has been recently developed. This method uses TLC silica gel 60 F 254, CHCI3:CH30H: H,O (35:14:1) and
10% sulphuric acid-ethanol solution to improve plate visualization. The saponins became apparent under these
chromatographic conditions when the retention factor was 0.38 or lower B2, In another study, despite the difficulty to
separate isomers, six pairs of 25 (R/S) -spirostanol saponin diastereomers from Y. schidigera were successfully separated
through HPLC using a C 30 column and their structure was unequivocally confirmed by NMR analysis 28, On the other
hand, 25 (R/S)-spirostanol saponin diastereomers have been successfully separated using supercritical fluid
chromatography 49,

Mass spectrometry represents an effective detection method where selectivity and specificity can be improved by tandem
mass spectrometry. Thus, in the last few years, different methods using tandem mass spectrometry have been developed
for a quick and reliable determination of saponins . It should also be mentioned that the use of mass spectrometry as a
single technique for the determination of saponins presents some drawbacks, since it does not allow to differentiate
isomers, and neither the position of the sugar chain link on the aglycone, nor the connectivity between sugar residues can
be determined. Mass spectrometry and chromatographic methods are not often used as a single technique for the
determination of these compounds, but rather in combination or coupled to other techniques. In this way, the detection
and quantification of the nineteen steroidal saponins contained in a commercial syrup and in a bark’s extract from Y.
schidigera have been carried out by LC-MS. Thus, twelve saponins were confirmed by comparing their fragmentation
patterns against their corresponding standards and their spectrometric data, while the rest of the saponins were
structurally proposed [, Furthermore, Montoro et al. developed a method for the quantitative analysis of the steroidal
saponins in Y. gloriosa flowers real samples using HPLC coupled to tandem mass spectrometry 4. LC-ESI-MS analysis
has also been applied to the detection of the saponins contained in different Yucca aloifolia varieties imported into Egypt
(41 HPLC/ELSD is another accurate analysis and quantification method that has been applied to determine the total
steroidal saponin content in Y. schidigera extracts. This is a fast and reliable technique that allows the quantification of
molecules that do not contain a chromophore group, like in the case of saponins 2. In the same way, Sastre et al.
described a method for the analysis of the four major saponins in certain commercial samples of Y. schidigera by means
of HPLC coupled to an evaporative light scattering detector (ELSD) and matrix-assisted laser desorption/ionization time-
of-flight (MALDI-TOF) mass spectrometry 43l Recently, Ruan and co-workers have identified 110 spirostanol saponins by
multi-phase liquid chromatography (MPLC) combined with MS/MS. This approach improves chromatographic peak
capacity and became the first method to provide a comprehensive characterization of spirostanol saponins from Y.
schidigera 44!,

Yucca has proven to be a valuable source of steroidal saponins and its commercial extracts have been classified as
GRAS by the US FDA. It is, therefore, widely used as a surfactant additive for the manufacturing of beverages, animal
feed, cosmetics and some agricultural products. Despite its increasing applications, a method to evaluate and control the
quality of the saponins contained in this plant genus and often incorporated to commercial products is still an unresolved
issue. These metabolites are usually found in complex mixtures, structurally related and their separation is still a task 42!,
Thereby, the recent methods described for their identification are based in different techniques coupled between them,
being the most used, LC-MS technique. Moreover, the most of the studies have been carried out with extracts of Y.
schidigera , being this species one of the major commercial sources of saponins.
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