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Abstract Recently, agavins (branched neo-fructans) of short degree of polymerization have
shown beneficial effects on the health of both healthy and overweight individuals. Therefore,
the aim of the present work was to investigate the potential use of Agave angustifolia agavins
on the generation of branched fructooligosacharides (a-FOS). A. angustifolia agavins were
hydrolyzed using exo-, endo-inulinase, and a mixture of both (25 and 75%, respectively). Exoand the inulinase mixture degraded quickly the agavins in relation to endo-inulinase treatment.
Only endo-inulinase and the inulinase mixture generated a-FOS formation. Endo-inulinase
degraded 31% of agavins, yielding approximately 20% of a-FOS after 48 h, whereas the
inulinase mixture hydrolyzed 33% of agavins in just 90 min, but only yielded 10% of a-FOS.
These results suggest that agave plants could be an abundant raw material for a-FOS
production, which might have a huge prebiotic potential as new branched fructooligosaccharides with many applications in the alimentary and pharmaceutical industry.
Keywords Agavins . Branchedfructooligosaccharides(a-FOS) . Agaveangustifolia . Enzymatic
hydrolysis

Introduction
Mexico is considered the origin and diversification of the Agave genus since a large number of
agave species are found in its territory. The Agave genus includes approximately 166 species
and is the largest genus among the Agavaceae family that consists of 9 genera and approximately 293 species [1]. Agave tequilana is perhaps the most known commercial species due to
it is used for tequila production; however, other Agave species such as A. angustifolia are
grown in Mexico for the mezcal production (a distilled beverage similar to tequila) [2].
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The Agave plants present the cassulacean acid metabolism and their principal photosynthetic products are agavins [3]. Agavins are neo-fructans composed of complex and highly
branched molecules with β(2–1) and β(2–6) linkages as well as an internal glucose unit [3, 4].
Mancilla-Margalli and López [4] investigated the agavins contents in five Agave species
(A. tequilana, A. angustifolia, A. potatorum, A. cantala, and A. fourcroydes) grown in different
regions of Mexico. The authors found that A. angustifolia from Oaxaca showed the highest
content of agavins (86%) with the largest degree of polymerization (DPaverage = 32) among the
studied Agave species. Agavins are very important for the alcoholic beverage industry because
they constitute the principal raw material for tequila or mezcal elaboration [5]. However, the
industrial interest for agavins of short degree of polymerization production is augmenting
rapidly, since these branched neo-fructans can decrease the body weight gain as well as the
glucose, triglyceride, and cholesterol concentrations in healthy mice [6, 7]. Moreover, agavins
of short degree of polymerization increase the body weight loss and reverse the metabolic
disorders in overweight mice [8].
On the other hand, enzymatic hydrolysis of linear type fructans (inulin) has been widely
studied for fructooligosaccharides (FOS) generation using endo-inulinase, acting alone or
combined with the exo-inulinase enzyme [9–12] since endo-inulinase (EC 3.2.1.7) breaks
down the internal β(2–1) glycosidic linkages of inulin and liberates FOS with DP3 to DP6 as
major products [13–16]. Moreover, exo-inulinase (EC 3.2.1.80) splits off terminal fructose
units and goes on until the last linkage within the inulin molecule is broken down and a
molecule of glucose is released [17]; hence, generally, these enzymes are used for the
preparation of ultrahigh-fructose syrup. However, the presence of branches in agavins is an
important property that influences the way in which inulinases might act on this fructans [18].
Previous studies show that agavins hydrolysis through commercial preparations with exoand endo-inulinase activities, or a mixture of both, carry only to the releasing of a higher
amount of fructose and glucose [18–23]. Consequently, enzymatic hydrolysis of agavins has
been used as a good alternative to increase tequila production (since the content of fructose and
glucose determines the yield of this alcoholic beverage) [19, 20] or to obtain ultrahigh-fructose
syrup [21, 22]. However, up to date, there are no studies showing the enzymatic hydrolysis of
agavins using exo- and/or endo-inulinase and their mixtures to obtain branched
fructooligosacharides (a-FOS) which may have a huge prebiotic potential as new branched
fructooligosaccharides based on previous studies [6–8]; additionally, there are no branched
fructooligosaccharides in the market yet. Therefore, the main aim of the present work was to
investigate the potential application of inulinase enzymes to hydrolyze agavins from
A. angustifolia in order to obtain a-FOS.

Materials and Methods
Agavins Obtention
A. angustifolia of 8-year-old plants were collected from Santiago Matatlan region, Oaxaca,
Mexico. After plant collection, stems were cut into four pieces and the agavins were extracted
according to the method established by López et al. [3]. Briefly, 100 g of milled A. angustifolia
stems was extracted twice with 100 mL of 80% ethanol (v/v) with continuous shaking for 1 h at
55 °C. The sample was filtered and the plant material was re-extracted with 100 mL of water
for 30 min at 55 °C. The 300 mL of obtained supernatant was mixed with 100 mL of

Appl Biochem Biotechnol

chloroform to eliminate the organic fraction. The aqueous phase was concentrated by rotary
evaporation under reduced pressure. Finally, the extract was spray dried and stored in a
humidity-free container.

Enzyme Reactions
Commercial inulinase preparations from Aspergillus niger, exo-inulinase (EC 3.2.1.80), and
endo-inulinase (EC 3.2.1.7) from Megazyme (Chicago, IL) were used in all hydrolytic
treatments. The hydrolytic effect of the enzymes (exo-, endo-inulinase, and a mixture of them)
on agavins from A. angustifolia was performed using conditions recommended by the
manufacturers (pH 4.5 and 60 °C). Batch-wise enzyme reactions were carried out in 2-mL
capped tubes. Twenty milligrams of agavins was dissolved in 1 mL of 0.1 M sodium acetate
buffer. One hundred units of enzyme per gram of agavins was used throughout the experiments
in all treatments. Samples of 50 μL were taken at 0, 5, 15, 30, 45, 60, 90, and 120 min of
reaction time of the enzymatic progression hydrolysis of agavins using the exo-inulinase
enzyme. Moreover, for endo-inulinase enzyme, samples of 50 μL were taken at 0, 4, 6, 8,
10, 24, and 48 h of reaction time, since the action mode of this enzyme makes the hydrolytic
process of agavins very slow. Finally, for inulinase mix (25% exo- and 75% endo-inulinase),
samples of 50 μL were taken at 0, 5, 15, 30, 45, 60, 90, and 120 min of reaction time. The
mixture of inulinases was employed since it might result in a better conversion of agavins to aFOS than the sole pure enzymes. The reason for this conversion enhancement may be found in
the different action exerted by the two different inulinases; exo-inulinase action on agavins
molecules begins with the separation of the D-fructose terminal molecules, decreasing the
complexity of the structure. Thus, the endo-inulinase might attack internal linkages of agavin
molecules more easily, with a subsequent increase of the reaction rate of large degree of
polymerization (LDP) agavins to a-FOS. All samples were immediately incubated for 3 min at
100 °C and then were placed on ice to inactivate the enzyme. The samples were stored at
−20 °C for further analyses.

Analysis of Hydrolyzed Products
Thin Layer Chromatography
The hydrolysis products of reaction were visualized rapidly at the end of each enzymatic
treatment using thin layer chromatography (TLC). Two microliter of hydrolysis sample was
applied at the start of the silica gel TLC plate, with aluminum support. The TLC was
developed with the solvent system containing propanol:water:butanol (12:4:3 by volume).
Agavin spots were detected with mixture of diphenylamine-aniline-phosporic acid in acetone
prepared in accordance with published procedure [24] and by heating of TLC plate at 100 °C
for 5 min.

High-Performance Anion-Exchange Chromatography
Agavins hydrolysis products from A. angustifolia were analyzed by high-performance anionexchange chromatography with pulsed amperometric detection (HPAEC-PAD; Dionex ICS3000, Sunnyvale, CA) with a guard-column CarboPac PA-100 (4 × 50 mm) and an analytical
CarboPac PA-100 (4 × 250 mm) column. The column temperature was 25 °C and sodium
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acetate gradient in 0.5 M NaOH was used at a flow rate of 0.8 mL/min. The injected sample
volume was 25 μL and the elution program consisted of 125 mM of NaOH for 10 min, 125–
500 mM from 10 to 80 min, and 125 mM for 3 min. Glucose, fructose, sucrose, and inulin
from dahlia (Sigma-Aldrich, St. Louis, MO) as well as fructans (DP3, DP4, and DP5) from the
inulin series (Megazyme, Chicago, IL) were used as standards. The DPs of agavins from
A. angustifolia were identified by their retention times in relation to dahlia inulin. The
hydrolysis percent of agavins was calculated as the sum of areas under the curve of the
chromatogram for a-FOS (DP3-DP10) and LDP agavins (DP >10).

Results and Discussion
Enzymatic hydrolysis of agavins from A. angustifolia was different with exo-, endo-inulinase,
and the mixture of both. However, since there are no commercial standards to identify each DP
present in an agavins sample, inulin from dahlia was analyzed under the same conditions as
agavins on HPAEC-PAD. The assignment of DP3 to DP5 for dahlia inulin was made with
kestose, nystose, and kestopentaose standards, whereas the assignment of the chromatographic
peaks with DP >5 was performed assuming that the retention time of a homologous series of
inulin increased with the DP and that each successive peak represented a fructan with a
fructose more than the previous peak [25]. The chromatograms of A. angustifolia agavins and
dahlia inulin were aligned and a-FOS (DP <10) were identified at retention times from 13 to
46 min, whereas LDP agavins (DP >10) were found between 47 and 83 min (Fig. 1).
Separation of A. angustifolia agavins by HPAEC-PAD was only achieved up to DP 19,
agavins with higher DP formed only a mountain (broad peak; Fig. 1). This has been attributed
to the complexity of agavins (which is observed in the chromatographic profile of agavins in
relation to dahlia inulin) as well as to the amount of isomers present in each DP, which
increases as the DP increases, as reported in a detailed manner for A. tequilana [26].

a-FOS Obtained with the Different Enzymatic Procedures

Detector response (Arbitrary Units)

Products of agavins hydrolysis were analyzed very fast at the end of each enzymatic treatment
using TLC. The TLC was separated to agavins according to their DP; therefore, the uppermost
spots (extreme from the origin) on TLC plate belonged to fructose and glucose which are the
basic units of agavins and possess the lowest molecular mass, then sucrose and gradually aFOS, and finally, LDP agavins are observed (Fig. 2). The first column observed in the Fig. 2
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Fig. 1 Alignment of HPAEC-PAD chromatographic profiles of Agave angustifolia agavins and dahlia inulin to
identify the degree polymerization of the agavins sample
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(kestose, DP3; nystose, DP4; and kestopentaose, DP5); in addition, color intensity observed in
the TLC was related to abundance of carbohydrate.
TLC of exo-inulinase treatment showed a rapid hydrolysis of LDP agavins with a low aFOS formation and a notable increase of fructose and glucose as the main hydrolysis products
(Fig. 2a). In contrast, TLC of endo-inulinase treatment showed a slow degradation of LDP
agavins with a lower amount of fructose and glucose in relation to exo-inulinase (Fig. 2a, b);
moreover, endo-inulinase treatment led to a-FOS formation with varied DP (Fig. 2b). On the
other hand, the mixture of 25% exo- and 75% endo-inulinase had a synergistic action on LDP
agavins degradation since it reduces considerably the hydrolysis time but produced a smaller aFOS formation in comparison to endo-inulinase treatment (Fig. 2c).
The complete hydrolysis of agavins from A. angustifolia was not reached in any of the
inulinase treatments employed (Fig. 3), coinciding with previous reports for agavins from
A. tequilana [18, 21] and A. salmiana [23] using commercial enzymes, in a single or combined
form of exo- and endo-inulinase activities.

Fig. 2 Thin layer chromatography
of hydrolyzed products formed by
hydrolysis of agavins. a Exoinulinase. b Endo-inulinase. c
Inulinase mixture (25% exo- and
75% endo-inulinase). F fructose, G
glucose, S sucrose, DP3 kestose,
DP4 nystose, DP5 kestopentaose
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Fig. 3 HPAEC-PAD analysis of enzymatic degradation of agavins from A. angustifolia (DP >20) and formation
of a-FOS (DP <10). a Hydrolysis evolution and b relative percentage of a-FOS through exo-inulinase enzyme. c
Hydrolysis evolution and d relative percentage of a-FOS by endo-inulinase treatment. e Hydrolysis evolution and
f relative percentage of a-FOS using the inulinase mixture (25% exo- and 75% endo-inulinase)

In this study, the exo-inulinase treatment hydrolyzed 19% of LDP agavins in only 5 min
(Fig. 3a, b). After of 15 min of reaction, an increment in LDP agavin hydrolysis was observed,
obtaining 12% of a-FOS (with DP4, DP7, and DP8 mostly; Fig. 3b). Interestingly, after 30 min
of reaction, more than double of a-FOS (7%) in relation to LDP agavins (3%) was observed in
a relative percentage. However, the ratio of a-FOS to LDP agavins (2:1) was reduced with
increasing reaction time (Fig. 3b).
On the other hand, the endo-inulinase enzyme hydrolyzed agavins very slowly compared to
the exo-inulinase enzyme (Fig. 3a, c). These results might be due to the structural complexity
of the agavins (branched neo-fructans with β(2–1) and β(2–6) linkages) and resistance of
inulinases to break all linkage in agavins. Exo-inulinase splits off only one unit of terminal
fructose [27] and can indistinctively hydrolyze all type of linkages β(2–1) and β(2–6),
whereas endo-inulinases have a high specificity for β(2–1) linkages and a small activity
towards β(2–6) linkages [18].
The endo-inulinase treatment degraded only 20% of LDP agavins after 4 h of reaction;
noticeably, this percentage of hydrolysis was 3% lower compared to exo-inulinase enzyme at
just 5 min of reaction (Fig. 3b, d). This behavior may be due to the agavins contain a high
proportion of β(2–6) linkages; therefore, the hydrolysis process is more difficult, explaining the
reaction rate. The degradation percentage of LDP agavins showed a small increased to 25% after
24 h of reaction and finally to 31% at the end of reaction (48 h), generating 20% of a-FOS with
DP4, DP7, and DP8 as the main products (Fig. 3d). Interestingly, it was noted that after of 48 h of
reaction time, LDP agavins percentage corresponding to DP >20 was present in a very low
amount (Fig. 3d); therefore, through endo-inulinase enzymes, it was possible to obtain principally
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a-FOS with DP <10, which ought to have a good prebiotic potential based on what is known now
[6–8]. These results contradict earlier reports which have shown that the hydrolysis of agavins
from A. tequilana by endo-inulinase enzymes only leads to fructose production without any aFOS formation [22, 23]. This is the first study that shows that through the use of endo-inulinase
enzymes, it is possible to form a-FOS in addition fructose production.
Finally, the mixture of 25% exo- and 75% endo-inulinase showed a positive synergistic
action on agavins degradation because it significantly reduced the hydrolysis time in relation to
the use of only endo-inulinase treatments (Fig. 3c, e). This result is consistent with previous
reports on the enzymatic hydrolysis of inulin [28] or agavins from A. tequilana [22].
Interestingly, the inulinase mixture degraded 15% of LDP agavins in just 15 min (a similar
percentage in relation to endo-inulinase treatment which required 4 h). After 30 min, inulinase
mixture degraded 20% of LDP agavins, while endo-inulinase treatment required 10 h to
hydrolyze the same percentage. Moreover, inulinase mixture degraded 33% of LDP agavins
in only 90 min, generating 10% of a-FOS with different DP (mainly DP7 and DP8), whereas
endo-inulinase treatment needed 48 h for hydrolyze a similar percentage. Therefore, the use of
inulinase mixtures is a good option to reduce the hydrolysis times; however, more investigation is necessary to find the best mixture of enzymes that will allow a greater degradation of
LDP agavins with a subsequent increase on a-FOS production.
It is relevant to mention that the results present in this study with respect to the inulinase
mixture do not agree with the previous reports, which show that commercial preparations of
exo- and endo-inulinases lead to a near-complete degradation of agavins from A. tequilana and
A. salmiana obtaining fructose and glucose solely [9, 15, 16]. In this study, it was demonstrated that an inulinase mixtures (25% exo- and 75% endo-inulinase) had the ability to
degrade LDP agavins with a formation of a-FOS.

Fructose and Glucose Production
Agavins are composed mostly of fructose molecules through β(2–1) and β(2–6) linkages and
an internal glucose unit; therefore, their enzymatic hydrolysis lead not only to a-FOS obtention
but also to glucose and fructose release. Glucose is always produced in lower amounts (23–
25%) in relation to fructose (57–74%), and no liberation of sucrose is usually observed with
any enzymatic treatments (Fig. 4). Exo-inulinase was the enzymatic treatment that showed a
large relative percentage of fructose in relation to the endo-inulinase and the mixture of
inulinases (Fig. 4). Agavins hydrolysis through the use of exo-inulinase showed an increment
on fructose percentage from 4 to 46% in just 5 min, and after 120 min of reaction time
achieved 74% (Fig. 4a). These results might be due to the molecular structure of agavins which
present at least four terminal fructose molecules and to the action mechanism of exo-inulinase
enzyme, which splits off each terminal fructose units with either β(2–1) or β(2–6) linkages [9,
18]. On the other hand, the relative fructose percentage obtained with endo-inulinase treatment
after 48 h of reaction time was 17% lower than to exo-inulinase at 120 min. Interestingly, the
final fructose percentage with endo-inulinase after 48 h was comparable to the one achieved by
exo-inulinase enzyme in only 15 min (Fig. 4a, b). Moreover, the relative percentage of fructose
obtained at 120 min with inulinase mixture (25% exo- and 75% endo-inulinase) decreased 9%
with respect to exo-inulinase but increased 8% compared to endo-inulinase at 48 h of reaction
time (Fig. 4a–c). These results are highly relevant since the lower amount of fructose produced
with endo-inulinase, in relation to exo- and the inulinase mixtures, led to an increase of a-FOS
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Fig. 4 Relative percentages of
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obtained with the different
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75% endo-inulinase)

Glucose

Sucrose

(a)

80

60

40

20

0
20

40

60
80
Time (min)

100

Relative percentage

80

120

(b)

60

40

20

0
10

20

30
Time (h)

40

50

(c)

80

60

40

20

0
20

40

60
80
Time (min)

100

120

with the endo-inulinase treatment. On the other hand, fructose is a generally recognized as a
safe sweetener with lower calories and functional properties that enhance flavor of foods [29].
Therefore, fructose obtained after agavin hydrolysis with any of the enzymatic treatments
utilized in this study could be used in many food and beverage preparations.

Conclusions
Single-step enzymatic hydrolysis reaction of agavins from Agave angustifolia by inulinases led
to the formation of a-FOS which might be used as prebiotics in the food, beverage, and
pharmaceutical industries. Exo-inulinase enzyme showed higher enzymatic activity on agavins
in relation to endo-inulinase; however, due to the action mechanism of this enzyme, the main
hydrolysis product was fructose. The inulinases mixture (25% exo- and 75% endo-inulinase)
had a synergistic action on agavins degradation leading to 10% of a-FOS obtention in only
90 min. Nevertheless, the higher amount of a-FOS (20%) was obtained with the endo-inulinase
enzyme after 48 h of reaction time.
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This study shows that the use of endo-inulinase enzyme or a mixture of exo- and
endo-inulinases is a good alternative for a-FOS formation which might have a great
prebiotic potential as branched fructooligosaccharides. In addition, the by-product fructose produced using these treatments can be also use in many applications in the
alimentary industry.
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