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Fructans are carbohydrates in which the links between fructose
residues predominate. They are synthesized in approximately 15 %
of angiosperms. These molecules have various applications in food
and health, due to the lack of digestibility and their selective use by
the beneficial intestinal microbiota in monogastric animals. The
objective of this study was to determine, using chromatographic
methods, the presence of fructans in vegetative organs of the
endemic species Agave offoyana (maguey). Plants were collected in
three different physiological states during two climatic periods.
They were taken from the managed floristic reserve Tres Ceibas de
Clavellina, in Matanzas province, Cuba. Samples were analyzed by
different chromatographic methods. Thin layer chromatography
showed the presence of fructans in stems and leaves, but not in
roots. The accumulation was greater in stems. Both organs contain
from the trisaccharide to molecules with a high degree of
polymerization. The presence of the polysaccharide was greater in
the leaves at the base than in the middle and shoot apex. There was
an increase in the accumulation of fructans in the organ samples
collected during the dry season. High-performance liquid
chromatography confirmed the presence of fructooligosaccharides
extracted from the stem. Results showed that Agave offoyana
accumulates fructans in the stem, although they are also present in
leaves. This Cuban species can be used to obtain fructans for
human and animal feeding and health.
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Los fructanos son carbohidratos en los que predominan los enlaces
entre residuos de fructosa. Se sintetizan en aproximadamente 15 %
de las angiospermas. Estas moléculas tienen diversas aplicaciones
en la alimentación y la salud, debido a la ausencia de digestibilidad
y a su utilización selectiva por la microbiota intestinal benéfica en
animales monogástricos. El objetivo de este trabajo fue determinar
mediante métodos cromatográficos la presencia de fructanos en
órganos vegetativos de la especie endémica Agave offoyana
(maguey). Las plantas se recolectaron en tres estados fisiológicos
diferentes durante dos períodos climáticos. Se tomaron de la
reserva florística manejada Tres Ceibas de Clavellina, de la
provincia Matanzas, Cuba. Las muestras se analizaron por
diferentes métodos cromatográficos. La cromatografía de capa fina
mostró presencia de fructanos en tallos y hojas, no así en las raíces.
La acumulación fue mayor en los tallos. Ambos órganos contienen
desde el trisacárido hasta moléculas con alto grado de
polimerización. La presencia del polisacárido fue mayor en las
hojas de la base con respecto a las del medio y del ápice caulinar.
Hubo aumento en la acumulación de fructanos en las muestras de
órganos recolectados en el período poco lluvioso. La cromatografía
líquida de alta resolución confirmó la presencia de los
fructoligosacáridos extraídos del tallo. Los resultados demostraron
que Agave offoyana acumula fructanos en el tallo, aunque también
están presentes en las hojas. Esta especie cubana se puede utilizar
en la obtención de fructanos para la alimentación y la salud humana
y animal.
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Introduction

Fructans are carbohydrates in which the links
among fructose residues predominate. This definition is
independent of molecule size, since there are fructans that
contain from two to more than 106 units (Waterhouse
and Chatterton 1993). There are different criteria for
the classification of fructans. According to Waterhouse
and Chatterton (1993), their grouping is based on three
essential criteria: the predominant type of bond among
fructose residues, degree of polymerization (DP) of the
molecule and its origin. According to this, the most
frequent terms that appear in the bibliography are: kestoses,
inulin, levan, phlein and graminan, each described with its
characteristic structures. Oligomeric fructans, which contain
a saccharose linked to one or more fructose residues, are
called fructooligosaccharides (FOS) and can be of microbial
or plant origin.

Van den Ende (2013) and Franco-Robles and López
(2015) established a classification criterion based on the
type of glycosidic bond present. These authors grouped
fructans into inulins, levans, graminans and neofructans
(neoinulins or neoseries inulins and neolevans or neoseries
levans). There is a specific type of fructan, which is
characterized by a highly branched complex structure, with
an external glucose in the graminans and an internal one in
the neofructans. These compounds are produced in agaves,
which is why they are called agavins (Mancilla-Margalli and
López 2006).

In the plant kingdom Plantae, approximately 15 %
of flowering plants are able to synthesize and store
this compound in leaves, stems and roots, mainly in
storage organs such as bulbs, tubers and rhizomes (Hendry
1993). These plants are found in a small group of mono
and dicotyledonous families: Amaryllidaceae, Poaceae,
Asteraceae, Nolinaceae and Asparagaceae (Franco-Robles
and López 2015).

The most studied medicinal property of fructans is their
prebiotic action (Ayala et al. 2018, Guillot 2018 and Armas
et al. 2019). In addition, they are involved in the decrease
of body mass index, the reduction of total body fat and
triglycerides in obese individuals (Padilla-Camberos et al.
2018). They also reduce glycemic indicators in individuals
with prediabetes and diabetes mellitus, prevent colorectal
cancer, osteoporosis and have brain protection properties
(Wang et al. 2019 and Espinosa-Andrews et al. 2021).
Fructans are incorporated into foods for their technological
properties: emulsifiers, stabilisers, gelling agents and
sweeteners (Verma et al. 2021). Furthermore, Agave
tequilana agavins are used in the industrial production of
beverages such as tequila and mezcal (Hernández 2018).

Nowadays, the use of fructans as prebiotic additives in
animal production is increasing (de Lange et al. 2010).
García-Curbelo et al. (2018) included Agave fourcroydes

L. agavins in pig diet and obtained modifications in lipid
metabolism, related to the decrease of total cholesterol, low-
density lipoproteins and total lipids. Alvarado-Loza et al.
(2017), by supplying 2 % of Agave inulin in rabbit feed,
reported its positive influence on digestibility and intestinal
microbiota. In addition, Chávez-Mora et al. (2019) observed
an increase in the percentage of laying and weight of the
egg, as well as in its quality indices, in favor of treatments
with Agave oligofructose.

Agave genus is considered native to Mexico, where
272 species of the 310 reported are found. Of these, 135 are
endemic (Mancilla-Margalli and López 2006).

In Cuba, this genus includes 16 native species (Greuter
and Rankin 2017). Agave offoyana Jacobi is commonly
known as maguey. It is an endemic species (Romero-
Jiménez et al. 2015) and is distributed on the Northern
coast and some inland regions (de Zayas 1980). It grows
in evergreen forests, coastal and subcoastal microphylls. It is
a local resource, used as a medicinal, honey-producing and
ornamental plant (Romero-Jiménez et al. 2015).

Several species of Agave are used to obtain products
for use in health, industry and human and animal food.
However, they are not Cuban. Out of the 24 species that
grow in Cuba, A. offoyana stands out for its size and could
store fructans as a carbon source, as occurs in several
Mexican species.

The objective of this study was to determine, using
chromatographic methods, the presence of fructans in
vegetative organs of the endemic species Agave offoyana
(maguey).

Materials and Methods

Specimens of Agave offoyana were
collected in the Tres Ceibas de Clavellina managed floristic
reserve, Matanzas province, Cuba (23º05’48.6” N and
81º39’20.5” W). For plant identification, the characteristics
of this species, described in Flora de Cuba, first fascicle
(León 1946), were used as a reference.

Samples were taken at two times of the year. The first, in
December 2016, during dry period, and the second, in July
2017, rainy season. In December, nine plants were collected,
three juveniles, three adults and three in bloom (early stage),
close to four, eight and ten years of age, respectively. In
July, three adult specimens close to ten years of age were
studied.

From each plant collected in December, samples of roots,
stems, and a leaf inserted in the base, middle, and apex of
the stem, were taken. From those collected in July, only
samples of the stem and the leaf inserted in the middle of
the stem (fourth leaf from the base of the stem) were taken
(figure 1). Samples were transported separately in plastic
bags to the plant biotechnology laboratory of the Faculty of
Agronomy, of the Agricultural University of Havana.

Plant material:
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Figure 1. Scheme of sample collecting of vegetative organs in
plants of Agave offoyana Jacobi
 

Determination of fructans by thin layer chromatography
(TLC): For fructan extraction, the protocol followed by
Wack and Blaschek (2006) was modified. All collected
samples were processed in the laboratory, where each organ
was fractionated, sterilized and crushed separately. Leaves
were sectioned at the base, middle and apex (figure 1). The
organ segments (stem, leaves and roots) were weighed and
sterilized separately, with water, in a 1:2 (w/v) ratio, in an
autoclave, at 121 °C and 1 atm of pressure for 40 min.
Then, they were crushed separately in a blender until a
paste was obtained. They were placed in 1.5 mL tubes and
centrifuged at 9000 rpm in a microcentrifuge to obtain the
aqueous phase.

The presence of fructans was determined by thin layer
chromatography (TLC), according to the method proposed
by Trujillo et al. (2004). For this purpose, 1.5 μL of the
aqueous phase extracted from roots, stems and leaves was
applied to a TLC plate (silica gel on aluminum sheets,
Fluka, Germany) and introduced three times into a closed
chamber containing 10 mL of running solution (1-butanol,
2-propanol and water in a 3:12:0.5 ratio).

The plate was developed by applying a solution (saturated
butanol 93 mL, orthophosphoric acid 85 % 7 mL and
urea 3 g). Absolute ethanol was also added until the
solution became transparent and it was incubated at 80 °C
to accelerate the reaction. The combination of these
reagents allowed the profiles and the fructose molecule
to be visualized. An aqueous extract of onion bulbs
(Allium cepa L.) was used as a molecular weight standard,
as described by Vijn et al. (1998).

Determination of fructans by high-performance liquid
chromatography (HPLC): To determine the presence of
fructans, a stem sample from an adult plant collected in
December was used and analyzed by HPLC, as described by
Meyer (2010). Prior to performing the HPLC, TLCs were
performed on organs of the plants collected in December,
which allowed to select the one used as sample.

The run was performed on a Nucleosil NH2 column (0.8 x
25.0 cm) (Sigma, USA) using 80% acetonitrile in water
as the elution solution and a flow rate of 0.4 mL min-1

at 37 ºC. The eluted sugars were found with a differential
refractometer (Knauer, Germany). For calibration of the
equipment, the standards sucrose, 1-kestose and nystose,
were used, prepared at 10 mg mL-1.

Results

Product profiles obtained from organ samples from adult
plants revealed that A. offoyana stores fructans as a carbon
source. These carbohydrates were mainly accumulated in
the stems and are found in lower concentrations in leaves.
They were not found in the roots. Low and high molecular
weight polymers were observed in both plant organs
(figure 2a).

A. offoyana contains fructans in the leaves of juvenile,
adult and flowering plants (figure 2b), although in the latter
two the concentration is higher than in young plants. In the
same figure, TLC also showed that the juvenile plant mainly
produces low molecular weight fructans in leaves. However,
in the adult and flowering plants, low and high degree
of polymerization molecules were observed, which was
evidenced by the dark spot present at the application point.

Figures 2c and 2d show that the presence of fructans
in leaves inserted at the base and middle of the stem of
adult and flowering plants was greater than in the leaves
at the stem apex. Furthermore, when these leaves were
divided into base, middle and apex, it was found that the
concentration of fructans was greater in the areas at the base
and middle than at the apex. As demonstrated in the figures,
the presence of high molecular weight molecules in the
basal area of leaves at the base, middle and stem apex was
greater than in the middle. There was little representation of
these molecules at the apex of leaves.

Young, adult and flowering plants stored similar amounts
of fructans in stem samples taken during dry season
(figure 2e). Besides, this figure shows the TLC and the
presence of low and high molecular weight polymers during
the three phases of plant growth. The concentration of
carbohydrates increased slightly with the degree of plant
development.

Stem and leaves inserted in the middle of the stem of
adult plants stored fructans during dry (December) and
rainy (July) periods, although there was a slight increase
in the accumulation in these organs during the dry period.
The light spots on the dark background at the point of
application of some samples indicate the saturation by high
molecular weight fructans (figures 3a and 3b).

High-performance liquid chromatography (HPLC)
showed the presence of fructans from molecules with DP
3 to DP 6. This technique does not allow the separation
of molecules with higher DP, which are seen grouped in a
single peak. The polymer with the highest concentration is
the one composed of three fructose units (figure 4).
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a. Root, leaf* inserted at the base of the stem and stem of three adult plants
b. Leaves* inserted in the base, middle and stem apex in juvenile, adult and flowering plants.
c. Leaves of an adult plant (base, middle and stem apex) sectioned at base, middle and apex.
d. Leaves of a flowering plant (base, middle and stem apex) sectioned at base, middle and apex
e. Stems of juvenile, adult and flowering plants (collected in December). J (juvenile), A (adult),
F (flowering), HMT (leaf inserted in the middle of the stem), B (base), M (middle), AC (stem
apex), E (apex), C (onion), F (fructose), S (sucrose), 3GP (trisaccharide), GP (degree of
polymerization). *Refers to the basal area of the leaf.

Figure 2. Product profiles obtained by TLC from the extracts of the different plant organs of Agave offoyana Jacobi
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Discussion

Fructans are found in several plant families as reserve
carbohydrates. They also function as osmoprotective
substances during drought and cold stress (Ritsema and
Smeekens 2003). The studied A. offoyana plants contain
more fructans in stems than in leaves. These polymers
are the main reserve carbohydrate present in Agave stems
(Mellado-Mojica et al. 2009). Fructans are also the most
abundant carbohydrates in adult plants of Agave fourcroydes
(García-Curbelo et al. 2009). Likewise, Agave tequilana

has more fructans in stem than in leaves. In this species,
the head or cone (stem and leaf bases) stores the largest
amount of total non-reducing sugars, where inulin and
fructooligosaccharides (FOS) are predominant. This is
followed by the base of leaves, where inulin and, to a lesser
extent, FOS are also predominant (Montañez-Soto et al.
2011 and Ferrer-Serrano et al. 2023).

Leaves inserted at the base of the stem of A. offoyana
are green, without mechanical damage. They grow on
previously dead leaves or leaves in the senescence phase.

a. Stem of adult plants collected in December and July.
b. Leaves* inserted in the middle of the stem of adult plants collected in December and July. A (adult),
T (stem), HMT (leaf inserted in the middle of the stem), C (onion), F (fructose), S (sucrose), 3GP
(trisaccharide), DP (degree of polymerization). * Refers to the basal area of the leaf.

Figure 3. Product profiles obtained by TLC of the extracts of different organs of Agave offoyana Jacobi plants
 

Figure 4. Chromatographic profile obtained by HPLC of extracts of Agave offoyana Jacobi
stems. G (glucose), F (fructose), S (sucrose), DP (degree of polymerization).
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They represent the most mature leaves of the plant and have
the highest amount of fructans. However, in A. fourcroydes,
intermediate leaves store the highest fructan concentration
(García-Curbelo et al. 2009). In A. offoyana leaves, it
occurred at the base of this organ. This coincides with what
has been reported in adult plants of A. tequilana, where
fructan content is equivalent to 68.6 %, with respect of
that of the head or cone. The base of leaves constitutes the
second fraction with the greatest contribution to the biomass
of A. tequilana crop. It is mainly composed of inulin, FOS
(to a lesser extent) and reducing sugars (Montañez-Soto et
al. 2011). Also, in the lower leaves of Agave mapisaga,
68 % of FOS and 32 % of high molecular weight fructans
were found (Plascencia et al. 2019).

Fructan accumulation in A. offoyana occurs from
the juvenile phase until the beginning of flowering.
Likewise, carbohydrate content is directly related to the
age and physiological stage of A. tequilana. The highest
concentrations were observed in adult plants, while the
lowest concentrations were quantified in juveniles (Mellado-
Mojica et al. 2009). In a study with plants of Agave
angustifolia Haw. and Agave potatorum Zucc., from one to
six years old, it was determined that the concentration of
simple carbohydrates was higher in young plants and that
fructans with a higher DP predominated in adult plants for
both species (Márquez‐López et al. 2022).

A. offoyana specimens were collected in a natural area.
Stems and leaves of juvenile plants (approximately four
years old) showed less accumulation of fructans, of low and
high DP, compared to adult plants and at the beginning of
flowering. In stems and base of the leaves of different Agave
species, plants from two to four years old exhibited the
highest concentrations of free sugars and fructans with low
DP. On the contrary, plants aged 10 to 12 years old showed
low fructan concentration with higher DP (Aldrete-Herrera
et al. 2019).

Contrary to the previous result, in A. fourcroydes cones,
a greater quantity of sugars was obtained in 12-year-old
plants, compared to those of seven years (Ferrer-Serrano
et al. 2023). Similarly, in A. tequilana, aged four years,
lower concentrations of fructans are shown compared to
those of six and eight years. Those corresponding to ten
years hydrolyze fructose to supply the energy demand of the
flowering stage (Mellado-Mojica et al. 2009).

Plants store polysaccharides during the vegetative period
to provide the necessary energy during the reproductive
stage (Pérez and Martínez-Laborde 1994). However,
A. offoyana accumulates these carbohydrates even during
the beginning of flowering in a similar way to the adult
phase, which could be due to the asexual reproduction
mechanism that follows the sexual one, and that takes
place in the same inflorescence (García-Beltrán et al. 2017).

Unlike A. offoyana, the concentrations of this carbohydrate
decreased in A. tequilana plants that were in the flowering
stage (Mellado-Mojica et al. 2009). In most of the studies
carried out on species of Agave genus, plants were harvested
before flowering, because the main function of the storage
of fructose polymers is their use during flowering and
fruiting (García-Curbelo et al. 2009, Arrizon et al. 2010,
García-Curbelo et al. 2015 and Godínez-Hernández et al.
2016). As the reproductive stage begins, the development of
photosynthetically active leaves is suppressed and the leaves
and stems start to age, indicating that carbohydrate reserves
were used for the reproductive phase (Delgado et al. 2012).

The stem and leaves of adult A. offoyana plants stored
fructans in both periods of the year, although a slight
increase in their accumulation was evident in the dry
season (figures 3a and 3b). In Cuba, there are two seasonal
periods (rainy and dry) with specific characteristics. More
than 80% of the annual precipitation accumulates in rainy
season (ONEI 2021). Dry season does not favor the
vegetative development of plants due to the scarcity of
water. Daily accumulation rate increases when there are high
temperatures during the day and low temperatures at night
(Taiz and Zeiger 2002). These results coincide with those
obtained in A. tequilana, in Mexico, where total reducing
sugar values  (23.68 to 30.80 %) were reported in dry and
rainy periods (27.08 to 32.69 %). Agave cones have a higher
fructan content in dry season, because the juice contains
less water, so sugars are concentrated. In humid period, the
content decreases due to the increase in the amount of water
within the juice (Bautista-Justo et al. 2001).

Agave fructans are a complex mixture of FOS and
high DP fructans (Márquez‐López et al. 2022). Thus, high-
performance liquid chromatography showed polymers of
three and up to six fructose units in A. offoyana, although
this technique did not allow the separation of molecules
with DP greater than seven. Similar results were found
in the head or cone of adult plants of Agave salmiana
and A. tequilana, where fructans superior to four DP were
identified (Pérez-López et al. 2021 and Regalado et al.
2021). In a study to search for fructans with different
molecular structures, mutant plants of A. tequilana were
recorded, which stored trisaccharide neokestose in the stem,
which has greater nutritional value with respect to 1-kestose
(Ángeles-Espino et al. 2020).

Other important metabolites are generated in the stem
and leaves of Agaves, such as inulin, saponins and
flavonoids, which are important for food and pharmaceutical
industries (Trujillo-Ramírez et al. 2023). The A. offoyana
species also produces other secondary metabolites, such as
saponins, which were found in the inflorescence and leaves
(Pérez et al. 2013 and Pérez et al. 2014).
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It is concluded that the Cuban endemic species
A. offoyana stores fructans as a carbon source. These
carbohydrates are present in stem and leaves, but not in the
roots of the plant. Adult plants and those at the beginning
of flowering accumulate a greater quantity of fructans in
the stem. This species stores fructans in the stem and
synthesizes them in leaves, mainly in those inserted at the
base of the stem and in the area closest to this organ. These
carbohydrates accumulate throughout the year, although a
slight increase was found in dry season. The polymer with
the greatest presence in the stems of adult plants is made
up of three fructose units. The plant can be used to obtain
fructans with possible uses as prebiotic in human and animal
health and feeding.
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