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Abstract: Asparagus roots are by-products from asparagus cultivation and they could be considered
one of the best sources of fructans. These polymers are interesting food ingredients for their prebiotic
and immuno-stimulating characteristics. The aim of this work is to characterize the fructan profile
from the roots of several asparagus varieties grown at different locations and pickled at three
vegetative statuses in order to valorize these by-products as fructan source. Fructans were extracted
with hot water and fractionated into three pools according to their molecular weight (MW). Their
average MW was studied by HPSEC and their degree of polymerization by HPAEC. The fructan
content was up to 12.5% on fresh weight basis, depending on variety and sampling date. The relative
abundance of the three pools also depended on the picking moment as after the spear harvest period
their total content and MW increased. The average MW of the three fractions was similar among
varieties with 4.8, 8.4 and 9 sugar units, although fructans up to 30 units were identified by HPAEC.
These characteristics make them similar to the commercialized Orafti®-GR inulin, a common additive
to food products. Therefore, the concept of asparagus roots as cultivation waste must be changed to a
new feedstock for sustainable agriculture and industry.

Keywords: asparagus by-product; roots and rhizomes; inulin; fructooligosaccharides; asparagus
variety; degree of polymerization; structural characteristics; circular economy; sustainability

1. Introduction

Asparagus plantations have to be renewed after 8–10 years’ exploitation due to an
important reduction of their productivity. Roots and rhizomes are usually dug out, cut
mechanically and left on fields as they are considered just cultivation by-products. However,
this agricultural practice causes other problems such as the dissemination of allelopathy [1],
fungal infections and, finally, asparagus decay [2]. This by-product accounts for up to
30–40 Tm/ha and, taking into account that 1.6 Mha were intended for asparagus cultivation
worldwide in 2019 [3], around 6.5 MTm asparagus roots are produced yearly, which
becomes a great environmental challenge.

The presence of fructans in the Asparagus genus has been investigated from a long time
ago [4–6], but very little has been done to consider this agricultural product as a fructan
source [7,8]. As with other overwintering plants, the fructans in the asparagus plant are
accumulated in the roots and rhizomes [9–11]. This fact points to these organs as probable
fructan sources that have to be characterized for being valorized.

Fructans are basically composed of fructose (F) units linked to glucose (G) in sucrose,
but several structures have been defined: inulin-type fructans with β(2→1) linkages [G-
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β(2→1)-F-β(2→1) -(F)n], levan-type fructans with β(2→6) linkages [G-β(2→1)-F-β(2→6)-
(F)n], inulin neo-series where fructose is bonded β(2→6) to glucose in sucrose and β(2→1)
on the fructose residue [(F)n-β(2→1)-F-β(2→6)-G-β(2→1)-F-β(2→1)-(F)n], and levan neo-
series where fructose is linked β(2→6) to glucose in sucrose and β(2→6) on the fructose
residue [(F)n-β(2→6)-F-β(2→6)-G-β(2→1)-F-β(2→6)-(F)n] [12]. Inulin-type fructans are
accumulated in Asteraceae plants such as chicory (Cichorium intybus L.) and Jerusalem
artichoke (Helianthus tuberosus L.), while a mixture of inulin and its neo series are found in
the lily family, such as onion (Allium cepa L.), garlic (Allium sativum L.), agave (Agave spp.)
and asparagus (Asparagus spp.). Levan and levan neo-series are more frequent in cereals
and grasses [12,13]. The degree of polymerization (DP) varies from 3 to 200. Usually,
polymers with DP 2–4 are considered fructooligosaccharides (FOS), those up to DP 7 as
oligofructose, and the term “inulin” is applied to higher DP [14].

For commercial purposes, the industrial production of fructans depends on the re-
quired DP. FOS are synthetized by biotechnological means, using suspended or immobilized
microorganisms or, more frequently, isolated enzymes, whether free or immobilized [14,15].
Oligofructose and inulin are obtained from natural sources, mainly chicory, although other
sources are being exploited, such as blue agave and Jerusalem artichoke [15].

In humans, the consumption of inulin-type fructans provides great health benefits,
including the regularization of bowel functions, reduction in cholesterolemia and triglyc-
eridemia, resistance to common infections, improved Ca/Mg absorption, balance of colonic
microflora and regulation of appetite [16]. Because they are considered as dietary fiber, they
can be included in food formulations and labeled as ingredients but not as additives. Con-
sequently, they are widely used as fat and sugar replacers in the formulation of low-calorie
food products [17]. Nowadays, bakery or meat products, dairy, breakfast cereals, jams and
juices and even confectionery are easily added with fructans, with the double benefit of
enhanced organoleptic characteristics and healthy nutritional composition [15,18].

In this context, the aim of this work is to study a broad range of asparagus roots
and rhizomes from distinct Spanish locations, at different harvest dates and of several
asparagus varieties in order to have an overall picture of the fructan content in asparagus
roots and to determine the influence of the different factors. The obtained fructans will
be fractionated, and their molecular weight and structural characteristics determined to
discuss their possible technological applications. This information will be crucial to value
this by-product as a tentative fructan source. A positive assessment would be of great
interest for asparagus producers since it would increase their economic returns and would
meet an environmental challenge at the same time.

2. Materials and Methods
2.1. Plant Material

The samples were picked at two different locations, from four asparagus varieties, and
over three moments during the asparagus cultivation cycle. A summary of the different
factors is presented in Table 1. The underground organs of asparagus plants (roots and
rhizomes) were collected at the experimental fields of IFAPA-Rancho de la Merced in
Chipiona (Cádiz, Spain) (36.7475612 N–6.4045746 O), and at several asparagus farms in
Huétor-Tájar (Granada, Spain) (37.1872700 N–4.0585510 O). Both locations have different
geographical and climatic characteristics. Chipiona (CA) is in a seaside area, with mild
summers and winters, a temperature range 11.7–26.1 ◦C, and a daily thermal oscillation of
8.5 ◦C [19]. However, Huétor-Tájar (GR) has a more continental climate, with dry and hot
summers and cold winters, a temperature range of 1.9–32.5 ◦C, and a thermal oscillation
of 17.1 ◦C [19]. In CA, the roots of two different varieties were collected, Herkolim (HK)
and Primems (PM), both from Limgroup (Horst, The Netherlands). In GR, Grande (GD)
asparagus hybrid (Walker Brothers Inc., Elmer, NJ, USA) and a local landrace called
“Espárrago de Huétor-Tájar” (HT), a protected geographical indication, were chosen. HK,
PM and GR are bred hybrids of Asparagus officinalis L., but HT is considered a natural
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hybrid between the cultivated A. officinalis and the wild species Asparagus maritimus L.
Mill [20].

Table 1. Sampling of underground organs of asparagus.

Location Variety Species Sampling Date

Chipiona (Cádiz)
CA

Herkolim HK A. officinalis
June S1

September S2
December S3

Primems PM A. officinalis
Huétor-Tájar (Granada)

GR
Grande GD A. officinalis

Huétor-Tájar landrace HT A. officinalis × A. maritimus

In both locations, CA and GR, samples were taken at three different vegetative statuses
of asparagus plants, when the harvest of plant material did not disturb the asparagus
agricultural practices: after asparagus shoot season (June, S1), after the summer period
(September, S2), and at the end of autumn, after cutting the ferns (December, S3).

Roots and rhizomes were dug up in different areas of the asparagus fields, always
from the central zones, avoiding the marginal ones. The distance between plants in a row
was 30 cm and between two adjacent rows was approximately 1 m. Samples of around
10 kg each were collected. All samples were sent to our labs, washed very carefully to
remove soil and other undesirable material from the roots and rhizomes, and then left to
dry at room temperature and frozen at −20 ◦C until analysis.

2.2. Fructan Extraction

50 g of frozen sample in duplicate were homogenized in a Thermomix® model TM31
(Vorwerk, Spain) with 400 mL of hot water (80 ◦C) to avoid enzymatic activity. After 30 min
in a shaking water bath set at 80 ◦C and 60 rpm, the samples were filtered through paper
filter. The slurry was extracted again under the same conditions. Both filtrates were mixed
and assayed for their contents in total sugars and fructans. The root extracts were stored at
−20 ◦C and after defrosting prior to analysis, they were heated to 80 ◦C and let to cool to
room temperature.

Total sugars were determined by the anthrone method [21] after preparing the suitable
dilution for each sample. The results were expressed as g/100 g fresh sample.

The total content in fructans was analyzed by the K-FRUC assay Kit from Megazyme
(Bray, Ireland). The complete method is described in detail on the Megazyme website [22].
The results were expressed as g/100 g fresh sample.

2.3. Purification and Fractionation of Asparagus Fructans

Aqueous extracts from the roots were purified using Sep-Pak C18 SPE cartridges
(360 mg sorbent per cartridge, 55–105 µm) from Waters (Milford, MA, USA). Prior to use,
the cartridges were activated with 96% ethanol and rinsed with water. A diagram of fructan
purification and fractionation is presented in Figure 1.

For purification, 5 mL aliquots were slowly loaded into a cartridge and then it was
washed with 2 mL distilled water to elute any non-retained material. Afterwards, the
cartridge was washed with 5 mL of 20% ethanol. Water and 20%-ethanol fractions were
analyzed for fructan content.

For fructan fractionation, the water-eluted fraction was freeze-dried and redissolved
in 1 mL water in a screwcap tube. 4 mL 96% ethanol were added and the samples were
left overnight at 4 ◦C. The ethanol-insoluble material was recovered by centrifugation, and
the ethanol-soluble fraction was concentrated, lyophilized and assayed for fructan content
(Fruct1). The fructan content of the ethanol-insoluble fraction (Fruct2) was calculated by
subtracting the fructans present in Fruct1 from the total quantified in the water-eluted
fraction. The fructans present in the 20% ethanol-eluted fraction were called Fruct3, as
illustrated in Figure 1.
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Figure 1. Fractionation of fructans.

2.4. Study of Average Molecular Weight Distribution by Gel Filtration

The three different pools of fructans (Fruct1, Fruct2, and Fruct3) were studied by high
performance size-exclusion chromatography (HPSEC) as described in Dos-Santos et al. [23].
The average molecular weight (MW) was measured in a Jasco equipment (LC-Net II ADC,
Kyoto, Japan) with a refractive index detector (Jasco RI-1530) and injection valve (Rheodyne,
loop 20 µL, Cotati, CA, USA). A TSKgel G3000PWXL column (300 × 7.8 mm i.d., Tosoh
Bioscience GmbH, Griesheim, Germany) was used after calibration with 70, 40, 6 kDa,
maltotriose, sucrose and glucose (Fluka, Buchs, Switzerland). The elution was performed
at a flow rate of 1 mL/min. The regression equation to calculate the average MW of fructan
pools was:

telut = −1.614logMW + 16.681, (1)

with a R2 value of 0.9918. The average DP was calculated by dividing the calculated MW
by 162.

2.5. Study of Polymerization Degree of the Different Fructan Fraction by HPAEC

The samples were analyzed in a Dionex (Sunnyvale, CA, USA) high-performance
anion-exchange chromatograph (HPAEC) using a Carbopac PA-10 column (4 × 250 mm,
10 µm) in combination with a Carbopac PA guard column (4 × 50 mm, 10 µm) as described
by Jaramillo-Carmona et al. [24]. The mobile phase consisted of 100 mM NaOH (eluent A)
and 100 mM NaOH and 700 mM sodium acetate (eluent B). The elution conditions were
as follows: 0–15 min, 100% A (re-equilibration); injection at 15 min and start acquisition
at 16 min; linear gradient over 55 min to 20% A, 80% B. The flow rate was maintained
at 0.9 mL/min. A Dionex pulsed electrochemical detector in the pulsed amperometric
detection (PAD) mode was used. The calibration for the different DP was done using a
commercial fructan from chicory, Orafti®GR (Beneo GmbH, Germany), with an average
DP ≥10 [25].

2.6. Study of Fructan Structure by Methylation (GC-MS)

The water- and 20% ethanol-eluted fractions were methylated according to a modifica-
tion of the Hakomori method [26]: 0.1 mL of butyl-lithium, 15% in hexane was added to
samples dissolved in 0.4 mL of dimethyl sulfoxide. The mixture was then shaken for 1 h at
40 ◦C [27]. After the samples had been frozen, 0.2 mL of ethyl iodide was added, and the
samples were allowed to thaw at room temperature and later shaken for 1 h. The perme-
thylated polysaccharides were separated and purified by reverse phase chromatography
using a Sep-Pak. The polysaccharides were hydrolyzed, reduced, and acetylated [28]. The
partially methylated alditol acetates were separated by GC/mass spectrometry (GC/MS) in
an Agilent technology 7820A instrument, which was coupled to an Agilent 5977E selective
mass detector with a fused silica capillary column (30 × 0.25 m, SPTM 2330, Supelco®,
Sigma-Aldrich, St. Louis, MO, USA) in splitless mode. The oven temperature program was
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the same as the one used by York et al. [28]. For quantification, molar effective response
factors were used [29].

2.7. Statistical Analysis

All samples were analyzed at least in triplicate. To assess the differences among
samples, a multiple sample comparison was performed using the Statgraphics® Plus
program Version 2.1. The level of significance was p < 0.05.

3. Results and Discussion
3.1. Contents in Neutral Sugars and Fructans

The neutral sugar and fructan contents were analyzed in the initial aqueous extract
from the twelve samples. The results for neutral sugars are given in Table 2. The content
varied from nearly 8% (HK-S3 and GD-S2) to 26% (HK-S2), but no common behavior could
be found among samples: PM and GD had the lowest contents in S2, S1 and S3 without
showing significant differences; however, the HK content increased in S2 and decreased in
S3, and HT only increased in S3.

Table 2. Sugar content (g/100 g fresh weight) of the different asparagus root samples.

S1 S2 S3

Herkolim 13.41 ± 0.99 c 26.58 ± 1.75 g 8.34 ± 0.76 a
Primens 14.84 ± 0.73 d 11.23 ± 0.81 b 15.60 ± 1.11 de
Grande 16.44 ± 1.30 e 8.27 ± 0.69 a 15.95 ± 1.39 de

Huétor-Tájar landrace 11.69 ± 0.50 b 10.49 ± 0.85 b 18.89 ± 1.80 f
All analyses were done at least in quadruplicate. The results are presented as mean ± standard deviation. Means
bearing the same letter are not significantly different at the 5% level, as determined by the Duncan multiple range
test. S1: samples picked in June; S2: samples picked in September; S3: samples picked in December.

In relation to fructan contents (Table 3), the lowest level was found in HT-S1, at nearly
1%, and the highest in HK-S2 (the same sample with the highest sugar level), which was
higher than 12%. The fructan range was much broader than that of sugar, showing a great
variability among samples. The average value was 5.33% f.w. This result was lower than
those found in the crops specifically devoted to fructan production: 11–14% for Jerusalem
artichoke [30], 15–20% for chicory [31], and higher than 37% for agave (Agave tequilana
Weber var. Azul) [32]. However, it is important to note that asparagus roots are by-products
that suppose agricultural and environmental challenges and to find an alternative use
could be of great interest. By choosing the optimal harvest moment, this percent could
increase and the fructan extraction would suppose an added value for asparagus spear
producers. Another factor to be studied was the ratio between total neutral sugars and
fructans. The percent of fructans in the total sugars for the different varieties and samplings
is presented in Table 3 (bold numbers). In all varieties, S2 and/or S3 showed better results
than S1. From this point of view, both picking moments could be the most appropriate for
fructan extraction due to their lower contents in free sugars. Therefore, roots harvested
during autumn or winter could bring asparagus extracts which are richer in fructans than
those from the summer harvest. In addition, neither moment would interfere in the normal
asparagus cultivation practices.

Looking at the different varieties, HK was the richest one in fructans and PM the
poorest. It is interesting to note that both varieties were collected in CA and at the same
experimental fields, so variety genetics play an important role in fructan synthesis, accu-
mulation, mobilization, and degradation, which is also true for other fructan-synthetizing
crops e.g., agave [33], onion [34] and chicory [35]. In asparagus spears, the influence of
variety was previously observed in the accumulation of secondary metabolites such as
flavonoids [36,37] and saponins [38,39].
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Table 3. Fructan content (g/100 g fresh weight) and percent of fructan on total sugars (bold numbers)
of the different asparagus root samples.

S1 S2 S3

Herkolim 6.36 ± 0.20 f
47.47

12.53 ± 0.44 h
47.13

5.73 ± 0.21 e
68.70

Primens 3.08 ± 0.30 bc
20.76

3.41 ± 0.23 c
30.37

2.87 ± 0.21 b
18.41

Grande 5.33 ± 0.49 e
32.43

4.80 ± 0.39 d
58.07

6.27 ± 0.56 f
39.33

Huétor-Tájar landrace 0.92 ± 0.08 a
7.90

4.70 ± 0.22 d
44.81

8.02 ± 0.30 g
42.45

All analyses were done at least in quadruplicate. The results are presented as mean ± standard deviation. Means
bearing the same letter are not significantly different at the 5% level, as determined by the Duncan multiple range
test. S1: samples picked in June; S2: samples picked in September; S3: samples picked in December.

The differences between the harvest moments were significant in most cases, and only
PM variety did not show differences between S1 and S2 or S3. Only HT showed a clear
increasing tendency in fructan content (Table 3). This differential behavior remarked the
decisive influence of variety on fructan metabolism.

Another fact to point out is the difference between S2 and S3. In samples from CA
(HK and PM), significant decreases were quantified in fructan contents but in contrast,
the opposite behavior was found in samples from GR (GD and HT). This could be due to
different cultivation practices and/or climatic conditions.

3.2. Fructans Fractionation

Each extract was fractionated as presented in Figure 1 and the three obtained fractions
were analyzed for their contents in fructans (Figure 2). HK, PM and GD showed similar
results: Fruct1 was the major fraction in S1 and S2; in HK-S3, Fruct1 and Fruct3 were in
similar proportions but in PM-S3 and GD-S3, Fruct3 was clearly the major one. It seems
that the plant has metabolized most of its fructan at S1, with those of the lowest MW being
the most abundant. As the season progressed (S2 and S3), the fructan stock shifts to higher
MW, increasing the percentages of Fruct2 and specially those of Fruct3.

Figure 2. Relative percentages of the different fructan fractions of the different studied fractions. S1:
samples picked in June; S2: samples picked in September; S3: samples picked in December; GD:
Grande variety; HK: Herkolim variety; HT: Huétor-Tájar landrace; PM: Primems variety; Fruct1:
fructan fraction soluble in 80% ethanol; Fruct2: fructan fraction insoluble in 80% ethanol; Fruct3:
fructan fraction eluted from C18 cartridge with 20% ethanol.
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However, the behavior of the HT variety was again different. At S1, Fruct1 was the
minority pool, with Fruct2 and Fruct3 in similar proportions. S2 and S3 had the same
profile, although the total amount increased from S2 to S3 (Table 3). It seems that the
partly-wild character of this variety also marked differences in the pattern of synthesis
and accumulation of fructans. This variety was also clearly different when studying some
secondary metabolites (flavonoids and saponins). HT spears are richer in both groups
of phytochemicals than those of other A. officinalis varieties, and also present a higher
variability in their chemical structures [36–38].

In relation to harvest time, similar results were found by Suzuki et al. [10] while
working with different types of asparagus storage roots. They concluded that the fructan
MW from winter-collected roots was higher than that from summer-collected ones. They
also observed that new roots accumulated fructans with higher MW than the oldest ones,
pointing to a lower activity of elongating enzymes (fructan:fructan 1-fructosyltransferase,
1-FFT) in mature roots.

But harvest time is not the only factor that could affect fructan chain length, apart
from the genetic ones. In Jerusalem artichoke tubers, prolonged storage periods at 5 ◦C
led to shorter polymers than those extracted from roots stored at 2 ◦C or frozen tubers [40].
Working with wild agave varieties with different ages (2–12 years-old), Aldrete-Herrera
et al. [33] observed that the oldest plants (10–12 years-old) had the lowest concentrations
of free sugars and the highest of high MW fructans. These results are in contrast to those
presented above for different asparagus roots, again highlighting the significance of plant
genetics. Growth climatic conditions also influence the total content and length of fructans.
In fact, drought increases both parameters in chicory [41]. The paramount importance of
fructans in lipid bilayer stabilization against abiotic stresses is well known, providing the
plants with drought, freezing and/or chilling tolerance [42]. From all these works, the great
complexity of fructan biosynthesis, elongation and degradation pathways is clear along
with the variety of factors that could influence all these processes. The characterization of
the raw material (asparagus root by-product in the present work) is a crucial step for the
knowledge of the factors that influence the final contents and characteristics of fructans,
key parameters for the valorization of this by-product.

3.3. Molecular Weight Distribution and Structural Features

The first approach to the MW study was done by HPSEC. In Figure 3, the three fractions
corresponding to HK-S2 are presented. Fruct1 and Fruct2 eluted in two differentiated pools.
In order to identify the presence of fructans, fractions were collected and assayed for fructan
existence. They were only detected at the first-eluted peak, with the second one being
composed probably of sucrose, fructose and glucose, as observed in the elution time of
standards. In the case of Fruct1, the first peak eluted with a maximum at 12 min and
11.6 min for Fruct2. Fruct3 showed a single peak with its maximum at 11.55 min. The
average DP was calculated by equation (1) as 4.8, 8.4 and 9 for Fruct1, Fruct2 and Fruct3,
respectively. HK-S1 and HK-S3 showed the same elution maxima, but the relative intensity
of the three fractions changed according to the results presented in Figure 2. The rest of the
varieties showed very similar profiles. These MWs were much lower than those published
for other vegetable products, especially those considered as fructan sources: from agave,
fructans with an average DP of 29 have been described [32], and even higher from artichoke
by-products, average DP 42–46 [43,44]. Similar results have been found for chicory roots
with an average DP of 14 [45].

To go deeper into DP determination, we studied all samples by HPAEC. The obtained
profiles for Fruct1, Fruct2 and Fruct3 from HK-S2 are presented in Figure 4, and also
the profile of a commercial chicory inulin approved as dietary fiber for human nutrition
(Orafti®-GR from Beneo). Orafti®-GR was included in the study to obtain standards for
the different DPs. There are clear differences among fractions. In Fruct1, the highest peak
population was around DP5. As it was previously described by other authors, asparagus
fructans are from both inulin-type and inulin neo-series [9,10,46]. Suzuki et al. [10] deter-
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mined that the total number of isomers for a DP value of n is n−1. These facts could explain
the great number of compounds isolated between sucrose and DP10 from asparagus roots
(Figure 4), especially in Fruct1 fraction, in comparison with the chicory fructan Orafti®-GR,
presented as standard. Shiomi et al. [5,6] and Shiomi [4,9] have described up to 14 different
isomers of DP 4-8 from the roots of A. officinalis, belonging to both inulin and neo series.
Witzel and Matros [11] and Matros et al. [47] analyzed asparagus root and barley fructans
by mass spectrometry, identifying each compound based on fructanase treatment and mild
acid hydrolysis. According to these works, the compounds named a-h in Figure 4 were
tentatively identified. Sucrose (S), kestose (K, DP3), nystose (N, DP4) and peaks called
DP5-25 were identified by their retention times compared to standards (S, K, N as standard
compounds and the rest with Orafti®-GR). Therefore, the peaks corresponding to the inulin
series [G-β(2→1)-F-β(2→1)-(F)n] were named DP5-25, and those of the inulin neo series
[(F)n-β(2→1)-F-β(2→6)-G-β(2→1)-F-β(2→1)-(F)n] were named a-h (Figure 4). This last
group was identified according to Witzel and Matros [11].

Figure 3. HPSEC-RI profiles of the three fructan fractions from HK-S2 sample. HK-S2: sample of
Herkolim variety picked in June; Fruct1: fructan fraction soluble in 80% ethanol; Fruct2: fructan
fraction insoluble in 80% ethanol; Fruct3: fructan fraction eluted from C18 cartridge with 20% ethanol;
70: dextran standard 70 kDa MW; 40: dextran standard 40 kDa MW; 6: dextran standard 6 kDa MW;
M: maltotriose; S: sucrose; G: glucose.

Compound “a” was neo-kestose [F-β(2→6)-G-β(2→1)-F] and “b” and “c” two neo-
nystoses [F-β(2→6)-G-β(2→1)-F2 and F2-β(2→6)-G-β(2→1)-F, respectively]. In peak “d”,
two different compounds coeluted both tentatively corresponding to neo-DP5, F-β(2→6)-
G-β(2→1)-F3 and F2-β(2→6)-G-β(2→1)-F2. Another neo-DP5 was identified in peak “e”,
F3-β(2→6)-G-β(2→1)-F. Peak “f” corresponds to a mixture of three neo-DP6, F-β(2→6)-G-
β(2→1)-F4, F2-β(2→6)-G-β(2→1)-F3 and F3-β(2→6)-G-β(2→1)-F2. Compound “g” could
be tentatively assigned to the last neo-DP6 isomer F4-β(2→6)-G-β(2→1)-F. From this MW
and higher, the identification of the different polymers is more difficult mainly due to
coelution and to a decrease in the detection limit [11]. Therefore, peak “h” could tentatively
correspond to the coelution of four different isomers with DP7, inulin series and three neo
series (F-β(2→6)-G-β(2→1)-F5, F2-β(2→6)-G-β(2→1)-F4 and F4-β(2→6)-G-β(2→1)-F2).
Some of these oligosaccharides were previously reported in the roots of A. officinalis and A.
racemosus [4–6,9,48]. The rest of the samples had similar distributions, only showing slight
differences in the relative abundance of the different peaks. The samples corresponding to
HT showed a different behavior in fructan accumulation throughout the season (Table 3)
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and during Sep-Pak fractionation (Figure 2). However, their HPAEC profiles were similar
to those presented for HK-S2 (Figure 4).

Figure 4. HPAEC profiles of the three fructan fractions from the HK-S2 sample and Orafti®-GR
as DP standard. (A): Fruct1 (fructan fraction soluble in 80% ethanol); (B): Fruct2 (fructan fraction
insoluble in 80% ethanol); (C): Fruct3 (fructan fraction eluted from C18 cartridge with 20% ethanol);
(D): Orafti®-GR; HK-S2: sample of Herkolim variety picked in June; S: sucrose; K: kestose; N: nystose;
DP: degree of polymerization of inulin-series compounds; a-h peaks: inulin neo-series compounds as
tentatively identified according to Witzel and Matros [11].

In order to discriminate the proportion of inulin and inulin neo-series in asparagus
roots, a methylation analysis was performed and the sugar derivatives were identified
by GC-MS (data not shown). In all analyzed samples, the ratio between 6-glucose (inulin
series) and 1,6-glucose (inulin neo-series) was 1:2, suggesting that the fructans from the
neo-series were twice the inulin one.

Peaks from “a” to “h” were more abundant in the Fruct1 fraction (Figure 4A), decreas-
ing their proportion in Fruct2 and Fruct3 (Figure 4B,C). In the last one, most polymers
isolated had DP ≥ 7. Some of these peaks (a–h) are also present in Orafti®-GR in trace
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amounts (Figure 4D). In Fruct1, fructans with DP up to 15–20 were identified in smaller
amounts. However, in Fruct2 and Fruct3, higher DP oligomers were found (DP 25–30). This
fructan size is slightly higher than described by other authors [10,11,46] where polymers
up to 21 units were reported in asparagus roots.

In the literature, other fructan sources or agricultural byproducts have been charac-
terized for their fructan DP. Similar results to asparagus roots were found in Jerusalem
artichoke tubers [40]; however, those from other Asteraceae species (Cynara cardunculus L.
and chicory) were described up to 200 and 123, respectively [45,49]. In Agave spp. a wide
range of DP was found among different species and varieties, with the maximum DP
up to 70 [33]. It is important to keep in mind that all these results depend greatly on a
series of genetic, environmental and physiological factors which could modify the average
and the highest fructan DP to a great extent [42,49]. It is interesting to note that fructans
characterized in this work from asparagus roots are very similar to Orafti®-GR from Beneo,
which is widely applied in most food and drink formulations ((baked and baby foods;
breakfast cereals and bars; candy and chocolates; dairy and meat products; soups, sauces
and fillings; etc.) [25]. This fact could point to possible applications for asparagus fructans
in human nutrition as fat replacer as they could have a creamy taste and similar mouthfeel
to fat, but with reduced caloric value and improved stability. They are also highly soluble in
water, so they could be added in high dosages without adapting or changing the different
production processes [25].

4. Conclusions

The underground organs of asparagus plants from two locations and several varieties
and sampling dates have been investigated for their content in fructans. Asparagus variety
and sampling period are the most influential factors. The last one must be optimized in
order to reach the highest fructan yield, but it is clear that the best picking period could
be from the end of summer to winter. In this time period, the roots have recovered their
fructan stock which was depleted during spring sprouting. The range of fructan content
was 3–12% in fresh weight basis (8–33% in dry weight basis). Our highest level is lower
than those published for other fructan sources (chicory, Jerusalem artichoke and agave)
but very close to them. Therefore, if harvested at their optimal moment, asparagus roots
and rhizomes could be considered a promising starting point for fructan isolation. In most
studied varieties, both the total amount of fructans and the content of those with the highest
MW increase during summer and autumn. In our investigations, the DP of asparagus
root fructans was up to 25–30 sugar units. Therefore, they can be considered as inulin.
In addition, a great variety of oligomers of DP 3–10 were also described. Therefore, FOS
(DP 2–5) and oligofructose (up to DP 7) were also present in asparagus root fructans. The
relative percent of each fraction varied during the rest period of asparagus plants.

With this work, the interest in the underground organs of asparagus as a source
of fructans has been established. Further studies about extraction optimization, fructan
purification and potential applications will be required in order to give a practical approach
to this initial research. These achievements will provide compelling reasons to change
the farming practices of asparagus growers, which would alleviate the environmental
challenge of asparagus cultivation.

Author Contributions: Conceptualization: I.V.-A., R.G.-B., R.R.-A. and A.J.-A.; data curation: I.V.-
A., R.G.-B., R.R.-A. and A.J.-A.; formal analysis: A.J.-A.; funding acquisition: R.G.-B., R.R.-A.;
investigation: I.V.-A., A.H.; methodology: A.H., R.G.-B. and A.J.-A.; project administration: R.G.-B.,
R.R.-A.; resources: J.A.E.-C.; supervision: A.J.-A.; visualization: I.V.-A., A.J.-A.; writing—original
draft preparation: I.V.-A., A.J.-A.; writing—review and editing: A.H., R.G.-B., R.R.-A., J.A.E.-C. and
A.J.-A. All authors have read and agreed to the published version of the manuscript.

Funding: Grant AGL2017-82428-R funded by MCIN/AEI/10.13039/501100011033 and by “ERDF A
way of making Europe”.

Data Availability Statement: Not applicable.



Foods 2022, 11, 652 11 of 13

Acknowledgments: We acknowledge to Ferrer Alimentación S.A. (Barcelona, Spain) for the kindly
supply of Orafti®-GR from BENEO.

Conflicts of Interest: J.A.E.-C. is member of the company TecnoFood I+D Solutions S.L. but no
conflict of interest is declared: the company had no role in the collection, analyses, or interpretation
of data; in the writing of the manuscript’s original draft; and had no influence on the correctness and
objectivity of the conclusions of the manuscript. Other authors declare no conflicts of interest.

References
1. Yeasmin, R.; Motoki, S.; Yamamoto, S.; Nishihara, E. Allelochemicals Inhibit the Growth of Subsequentely Replanted Asparagus

(Asparagus officinalis L.). Biol. Agric. Hortic. 2013, 29, 165–172. [CrossRef]
2. Elmer, W.H. Management of Fusarium Crown and Root Rot of Asparagus. Crop Prot. 2015, 73, 2–6. [CrossRef]
3. FAOSTAT On-Line Statistical Database of the Food and Agricultural Organization of the United Nations. Available online:

https://www.fao.org/faostat/en/#home (accessed on 27 October 2021).
4. Shiomi, N. Two Novel Hexasaccharides from the Roots of Asparagus Officinalis. Phytochemistry 1981, 20, 2581–2583. [CrossRef]
5. Shiomi, N.; Yamada, J.; Izawa, M. Isolation and Identification of Fructo-Oligosaccharides in Roots of Asparagus (Asparagus

officinalis L.). Agric. Biol. Chem. 1976, 40, 567–575. [CrossRef]
6. Shiomi, N.; Yamada, J.; Izawa, M. A Novel Pentasaccharide in the Roots of Asparagus (Asparagus officinalis L.). Agric. Biol. Chem.

1979, 43, 1375–1377. [CrossRef]
7. Fuentes-Alventosa, J.M.; Jaramillo-Carmona, S.; Rodríguez-Gutiérrez, G.; Rodríguez-Arcos, R.; Fernández-Bolaños, J.; Guillén-

Bejarano, R.; Espejo-Calvo, J.A.; Jiménez-Araujo, A. Effect of Extraction Method on Phytochemical Composition and Antioxidant
Activity of High Dietary Fibre Powders Obtained from Asparagus By-Products. Food Chem. 2009, 116, 484–490. [CrossRef]

8. Viera-Alcaide, I.; Hamdi, A.; Rodríguez-Arcos, R.; Guillén-Bejarano, R.; Jiménez-Araujo, A. Asparagus Cultivation Co-Products:
From Waste to Chance. J. Food Sci. Nutr. 2020, 6, 057. [CrossRef]

9. Shiomi, N. Content of Carbohydrate and Activities of Fructosyltransferase and Invertase in Asparagus Roots during the Fructo-
Oligosaccharide- and Fructo-Polysaccharide-Accumulating Season. New Phytol. 1992, 122, 421–432. [CrossRef] [PubMed]

10. Suzuki, T.; Maeda, T.; Nomura, S.; Suzuki, M.; Grant, G.; Sporns, P. Rapid Analysis of Fructans and Comparison of Fructans
Profiles in Several Different Types of Asparagus Storage Roots Using MALDI-TOF MS. J. Hortic. Sci. Biotech. 2011, 86, 210–216.
[CrossRef]

11. Witzel, K.; Matros, A. Fructans Are Differentially Distributed in Root Tissues of Asparagus. Cells 2020, 9, 1943. [CrossRef]
12. Yoshida, M. Fructan Structure and Metabolism in Overwintering Plants. Plants 2021, 10, 933. [CrossRef]
13. Mellado-Mojica, E.; López, M.G. Fructan Metabolism in A. Tequilana Weber Blue Variety along Its Developmental Cycle in the

Field. J. Agric. Food Chem. 2012, 60, 11704–11713. [CrossRef]
14. Nobre, C.; Teixeira, J.A.; Rodrigues, L.R. New Trends and Technological Challenges in the Industrial Production and Purification

of Fructo-Oligosaccharides. Crit. Rev. Food Sci. 2015, 55, 1444–1455. [CrossRef]
15. Verma, D.K.; Patel, A.R.; Thakur, M.; Singh, S.; Tripathy, S.; Srivastav, P.P.; Chávez-González, M.L.; Gupta, A.K.; Aguilar, C.N. A

Review of the Composition and Toxicology of Fructans, and Their Applications in Foods and Health. J. Food Compos. Anal. 2021,
99, 103884. [CrossRef]

16. Roberfroid, M.B. Inulin-Type Fructans: Functional Food Ingredients. J. Nutr. 2007, 137, 2493S–2502S. [CrossRef]
17. Shoaib, M.; Shehzad, A.; Omar, M.; Rakha, A.; Raza, H.; Sharif, H.R.; Shakeel, A.; Ansari, A.; Niazi, S. Inulin: Properties, Health

Benefits and Food Applications. Carbohydr. Polym. 2016, 147, 444–454. [CrossRef]
18. Sangeetha, P.T.; Ramesh, M.N.; Prapulla, S.G. Recent Trends in the Microbial Production, Analysis and Application of Fruc-

tooligosaccharides. Trends Food Sci. Technol. 2005, 16, 442–457. [CrossRef]
19. Climate data Climate Data for Cities Worldwide—Climate-Data.Org. Available online: https://en.climate-data.org/ (accessed on

29 October 2021).
20. Moreno, R.; Espejo, J.A.; Cabrera, A.; Gil, J. Origin of Tetraploid Cultivated Asparagus Landraces Inferred from Nuclear Ribosomal

DNA Internal Transcribed Spacers’ Polymorphisms. Ann. Appl. Biol. 2008, 153, 233–241. [CrossRef]
21. Dische, Z. Color Reactions of Carbohydrates. In Methods in Carbohydrate Chemistry; Whistler, R.L., Wolfram, M.L., Eds.; Academic

Press: New York, NY, USA, 1962; Volume 1, pp. 477–512.
22. Megazyme Fructan Assay Kit—Measurement of Fructan in Plants Food|Megazyme. Available online: https://www.megazyme.

com/fructan-assay-kit (accessed on 27 October 2021).
23. Dos-Santos, N.; Jiménez-Araujo, A.; Rodríguez-Arcos, R.; Fernández-Trujillo, J.P. Cell Wall Polysaccharides of Near-Isogenic

Lines of Melon (Cucumis melo L.) and Their Inbred Parentals Which Show Diferential Flesh Firmness or Physiological Behavior.
J. Agric. Food Chem. 2011, 59, 7773–7784. [CrossRef]

24. Jaramillo-Carmona, S.M.; Javier Tejero-Maján, F.; Jiménez-Araujo, A.; Guillén-Bejarano, R.; Rodríguez-Arcos, R. Comparative
Analysis of Chemical Compounds Related to Quality of Canned Asparagus. J. Food Nutr. Res. 2019, 7, 171–182. [CrossRef]

25. Beneo Inulin from Orafti®|BENEO Prebiotic, Dietary Chicory Root Fibre. Available online: https://www.beneo.com/
ingredients/human-nutrition/functional-fibres/inulin (accessed on 27 October 2021).

http://doi.org/10.1080/01448765.2013.796570
http://doi.org/10.1016/j.cropro.2014.12.005
https://www.fao.org/faostat/en/#home
http://doi.org/10.1016/0031-9422(81)83099-3
http://doi.org/10.1271/bbb1961.40.567
http://doi.org/10.1271/bbb1961.43.1375
http://doi.org/10.1016/j.foodchem.2009.02.074
http://doi.org/10.24966/FSN-1076/100057
http://doi.org/10.1111/j.1469-8137.1992.tb00069.x
http://www.ncbi.nlm.nih.gov/pubmed/33874207
http://doi.org/10.1080/14620316.2011.11512749
http://doi.org/10.3390/cells9091943
http://doi.org/10.3390/plants10050933
http://doi.org/10.1021/jf303332n
http://doi.org/10.1080/10408398.2012.697082
http://doi.org/10.1016/j.jfca.2021.103884
http://doi.org/10.1093/jn/137.11.2493S
http://doi.org/10.1016/j.carbpol.2016.04.020
http://doi.org/10.1016/j.tifs.2005.05.003
https://en.climate-data.org/
http://doi.org/10.1111/j.1744-7348.2008.00254.x
https://www.megazyme.com/fructan-assay-kit
https://www.megazyme.com/fructan-assay-kit
http://doi.org/10.1021/jf201155a
http://doi.org/10.12691/jfnr-7-2-10
https://www.beneo.com/ingredients/human-nutrition/functional-fibres/inulin
https://www.beneo.com/ingredients/human-nutrition/functional-fibres/inulin


Foods 2022, 11, 652 12 of 13

26. Hakomori, A. A Rapid Permethylation of Glycolipid and Polysaccharide Catalyzed by Methylsulfinyl Carbanion in Dimethyl
Sulfoxide. J. Biochem. 1964, 65, 205–208.

27. Kvernheim, A. Methylation Analysis of Polysaccharides with Butyllithium in Dimethyl Sulfoxide. Acta Chem. Scand. B 1987, 41,
150–152. [CrossRef]

28. York, W.S.; Darvill, A.G.; McNeil, M.; Stevenson, T.T.; Albersheim, P. Isolation and Characterization of Plant Cell Walls and Cell
Wall Components. In Methods in Enzymology 118: Plant Molecular Biology; Weissbach, A., Weissbach, H., Eds.; Plant Molecular
Biology; Academic Press: New York, NY, USA, 1986; pp. 3–40.

29. Carpita, N.C.; Shea, A.M. Linkage Structure of Carbohydrates by Gas Chromatography-Mass Spectrometry of Partially Methylated
Alditol Acetates. In Analysis of Carbohydrates by GLC and MS; Biermann, C.J., McGinnis, G.D., Eds.; CRC Press: Boca Raton, FL,
USA, 1989; pp. 157–216.

30. Puangbut, D.; Jogloy, S.; Vorasoot, N.; Srijaranai, S.; Holbrook, C.C.; Patanothai, A. Variation of Inulin Content, Inulin Yield and
Water Use Efficiency for Inulin Yield in Jerusalem Artichoke Genotypes under Different Water Regimes. Agric. Water Manag.
2015, 152, 142–150. [CrossRef]

31. Mathieu, A.-S.; Tinel, C.; Dailly, H.; Quinet, M.; Lutts, S. Impact of High Temperature on Sucrose Translocation, Sugar Content
and Inulin Yield in Cichorium intybus L. Var. Sativum. Plant Soil 2018, 432, 273–288. [CrossRef]

32. Flores-Girón, E.; Salazar-Montoya, J.A.; Ramos-Ramírez, E.G. Application of a Box-Behnken Design for Optimizing the Extraction
Process of Agave Fructans (Agave Tequilana Weber Var. Azul): Box-Behnken Design for Optimizing the Extraction Process of
Agave Fructans. J. Sci. Food Agric. 2016, 96, 3860–3866. [CrossRef]

33. Aldrete-Herrera, P.I.; López, M.G.; Medina-Torres, L.; Ragazzo-Sánchez, J.A.; Calderón-Santoyo, M.; González-Ávila, M.; Ortiz-
Basurto, R.I. Physicochemical Composition and Apparent Degree of Polymerization of Fructans in Five Wild Agave Varieties:
Potential Industrial Use. Foods 2019, 8, 404. [CrossRef]

34. McCallum, J.; Clarke, A.; Pither-Joyce, M.; Shaw, M.; Butler, R.; Brash, D.; Scheffer, J.; Sims, I.; van Heusden, S.; Shigyo, M.; et al.
Genetic Mapping of a Major Gene Affecting Onion Bulb Fructan Content. Theor. Appl. Genet. 2006, 112, 958–967. [CrossRef]

35. Khaldari, I.; Naghavi, M.R.; Peighambari, S.A.; Nasiri, J.; Mohammadi, F. Expression Patterns of the Genes Encoding Fructan
Active Enzymes (FAZYs) alongside Fructan Constituent Profiles in Chicory (Cichorium intybus L.): Effects of Tissue and Genotype
Variations. J. Plant Biochem. Biotechnol. 2018, 27, 453–462. [CrossRef]

36. Fuentes-Alventosa, J.M.; Rodríguez, G.; Cermeño, P.; Jiménez, A.; Guillén, R.; Fernández-Bolaños, J.; Rodríguez-Arcos, R.
Identification of Flavonoid Diglycosides in Several Genotypes of Asparagus from the Huétor-Tájar Population Variety. J. Agric.
Food Chem. 2007, 55, 10028–10035. [CrossRef]

37. Fuentes-Alventosa, J.M.; Jaramillo, S.; Rodríguez-Gutiérrez, G.; Cermeño, P.; Espejo, J.A.; Jiménez-Araujo, A.; Guillén-Bejarano,
R.; Fernández-Bolaños, J.; Rodríguez-Arcos, R. Flavonoid Profile of Green Asparagus Genotypes. J. Agric. Food Chem. 2008, 56,
6977–6984. [CrossRef]

38. Vázquez-Castilla, S.; Jaramillo-Carmona, S.; Fuentes-Alventosa, J.M.; Jiménez-Araujo, A.; Rodríguez-Arcos, R.; Cermeño-
Sacristán, P.; Espejo-Calvo, J.A.; Guillén-Bejarano, R. Saponin Profile of Green Asparagus Genotypes. J. Agric. Food Chem. 2013, 61,
11098–11108. [CrossRef]

39. Vázquez-Castilla, S.; Jaramillo-Carmona, S.; Fuentes-Alventosa, J.M.; Jiménez-Araujo, A.; Rodríguez-Arcos, R.; Cermeño-
Sacristán, P.; Espejo-Calvo, J.A.; Guillén-Bejarano, R. Optimization of a Method for the Pofiling and Quantification of Saponins in
Different Green Asparagus Genotypes. J. Agric. Food Chem. 2013, 61, 6250–6258. [CrossRef]

40. Saengthongpinit, W.; Sajjaanantakul, T. Influence of Harvest Time and Storage Temperature on Characteristics of Inulin from
Jerusalem Artichoke (Helianthus tuberosus L.) Tubers. Postharvest Biol. Technol. 2005, 37, 93–100. [CrossRef]

41. De Roover, J.; Vandenbranden, K.; Van Laere, A.; Van den Ende, W. Drought Induces Fructan Synthesis and 1-SST (Sucrose:
Sucrose Fructosyltransferase) in Roots and Leaves of Chicory Seedlings (Cichorium intybus L.). Planta 2000, 210, 808–814. [CrossRef]

42. Valluru, R.; Van den Ende, W. Plant Fructans in Stress Environments: Emerging Concepts and Future Prospects. J. Exp. Bot. 2008,
59, 2905–2916. [CrossRef]

43. López-Molina, D.; Navarro-Martínez, M.D.; Rojas Melgarejo, F.; Hiner, A.N.P.; Chazarra, S.; Rodríguez-López, J.N. Molecular
Properties and Prebiotic Effect of Inulin Obtained from Artichoke (Cynara scolymus L.). Phytochemistry 2005, 66, 1476–1484.
[CrossRef]

44. Zeaiter, Z.; Regonesi, M.E.; Cavini, S.; Labra, M.; Sello, G.; Di Gennaro, P. Extraction and Characterization of Inulin-Type Fructans
from Artichoke Wastes and Their Effect on the Growth of Intestinal Bacteria Associated with Health. BioMed Res. Int. 2019, 2019,
1083952. [CrossRef]

45. Monti, A.; Amaducci, M.T.; Pritoni, G.; Venturi, G. Growth, Fructan Yield, and Quality of Chicory (Cichorium intybus L.) as Related
to Photosynthetic Capacity, Harvest Time, and Water Regime. J. Exp. Bot. 2005, 56, 1389–1395. [CrossRef]

46. Shiomi, N. Structure of Fructopolysaccharide (Asparagosin) from Roots of Asparagus (Asparagus officinalis L.). New Phytol. 1993,
123, 263–270. [CrossRef]

47. Matros, A.; Houston, K.; Tucker, M.R.; Schreiber, M.; Berger, B.; Aubert, M.K.; Wilkinson, L.G.; Witzel, K.; Waugh, R.; Seiffert, U.;
et al. Genome-Wide Association Study Reveals the Genetic Complexity of Fructan Accumulation Patterns in Barley Grain. J. Exp.
Bot. 2021, 72, 2383–2402. [CrossRef]

http://doi.org/10.3891/acta.chem.scand.41b-0150
http://doi.org/10.1016/j.agwat.2015.01.005
http://doi.org/10.1007/s11104-018-3802-7
http://doi.org/10.1002/jsfa.7582
http://doi.org/10.3390/foods8090404
http://doi.org/10.1007/s00122-005-0199-5
http://doi.org/10.1007/s13562-018-0454-x
http://doi.org/10.1021/jf071976z
http://doi.org/10.1021/jf8009766
http://doi.org/10.1021/jf403343a
http://doi.org/10.1021/jf401462w
http://doi.org/10.1016/j.postharvbio.2005.03.004
http://doi.org/10.1007/s004250050683
http://doi.org/10.1093/jxb/ern164
http://doi.org/10.1016/j.phytochem.2005.04.003
http://doi.org/10.1155/2019/1083952
http://doi.org/10.1093/jxb/eri140
http://doi.org/10.1111/j.1469-8137.1993.tb03734.x
http://doi.org/10.1093/jxb/erab002


Foods 2022, 11, 652 13 of 13

48. Thakur, M.; Connellan, P.; Deseo, M.A.; Morris, C.; Praznik, W.; Loeppert, R.; Dixit, V.K. Characterization and in Vitro In-
munomodulatory Screening of Fructo-Oligosaccharides of Asparagus Racemosus Willd. Int. J. Biol. Macromol. 2012, 50, 77–81.
[CrossRef] [PubMed]

49. Yildiz, S. The Metabolism of Fructooligosaccharides and Fructooligosaccharide-Related Compounds. Food Rev. Int. 2010, 27,
16–50. [CrossRef]

http://doi.org/10.1016/j.ijbiomac.2011.09.027
http://www.ncbi.nlm.nih.gov/pubmed/22001723
http://doi.org/10.1080/87559129.2010.518295

	Introduction 
	Materials and Methods 
	Plant Material 
	Fructan Extraction 
	Purification and Fractionation of Asparagus Fructans 
	Study of Average Molecular Weight Distribution by Gel Filtration 
	Study of Polymerization Degree of the Different Fructan Fraction by HPAEC 
	Study of Fructan Structure by Methylation (GC-MS) 
	Statistical Analysis 

	Results and Discussion 
	Contents in Neutral Sugars and Fructans 
	Fructans Fractionation 
	Molecular Weight Distribution and Structural Features 

	Conclusions 
	References

