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Aloe vera (A. barbadensis Miller) is probably

one of the most popular plants, widely studied
because of numerous properties associated with

the polysaccharides present in its gel. In particular,
two main types of bioactive polysaccharides can

be distinguished in the A. vera gel: an acetylated
mannose-rich polymer that functions as storage
polysaccharide, and a galacturonic acid-rich polymer
as the main component comprising the cell walls

of the parenchymatous tissue. Interestingly, most

of the beneficial properties related to the aloe plant
have been associated with the acetylated mannose-
rich polysaccharide, also known as acemannan.
However, the composition and structural features

of these polysaccharides, as well as the beneficial
properties associated with them, may be altered by
different factors, such as the climate, soil, postharvest
treatments, and processing. Further, different
analytical methods have been used not only to identify
but also to characterize the main polysaccharides
found in parenchyma of A. vera leaf. Within this
context, the main aim of this review is to summarize
the most relevant information about the structural and
compositional features of the main polysaccharides
found in the A. vera gel as well as the most relevant
analytical techniques used for their identification and
their influence on the technological, functional, and
beneficial properties related to the A. vera plant.

a long history of providing myriad health benefits, being

l loe vera, a member of the Liliaceae family, has enjoyed
one of the herbal remedies most frequently used in the
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treatment of different diseases (1-3). Around the world, there
are more than 400 species of Aloe, but without a doubt the most
popular and widely used is A. barbadensis Miller (also called
A. vera Linne and commonly referred to as 4. vera). Other Aloe
species used in health and medicine include A. arborescens
Miller (a member of the Asphodelaceae family), 4. perryi
Baker, A. andongensis, and A. ferox, among others (1, 4).

A. vera is a perennial plant with turgid green leaves joined at
the stem in a rosette pattern. The 4. vera leaves are formed by
a thick epidermis (skin) covered with cuticles surrounding the
mesophyll, which can be differentiated into chlorenchyma cells and
thinner-walled cells forming the parenchyma (5). The parenchyma
makes up most of the leaf by volume, containing the 4. vera gel, a
synonym to inner leaf, inner leaf fillet, or aloe fillet (1, 6).

The A. vera gel consists of about 98.5-99.5% water, and more
than 200 different components have been identified in the remaining
solids fraction, with polysaccharides being the most abundant type
of compound (5). Other interesting chemical components, such as
soluble sugars, glycoproteins, phenolic anthraquinones, flavonoids,
flavonols, enzymes, minerals, essential and nonessential amino
acids, sterols, saponins, and vitamins, have also been identified
(4, 7). Interestingly, A. vera polysaccharides have been considered
the main component responsible for most of the beneficial
properties attributed to the 4. vera plant (6, 8-10).

Several reports have been conducted to identify the
carbohydrate composition of the aloe polysaccharides (9). In fact,
various polysaccharides have been detected or isolated from
the gel, including mannans (5, 9, 11-15), galactans (16), pectic
substances (13, 16, 17), and different glucuronic acid-containing
polysaccharides (12). However, significant variations on the aloe
polysaccharide species were observed in those early studies.
The reason for such discrepancies is not fully understood, but
could be largely attributed to several factors, including seasonal
changes, geographic location (including soil and climate), growth
periods, horticultural conditions, and postharvest treatments
(4, 13, 16, 18-21), and also to the particular conditions used in the
different analytical determinations.

Polysaccharides Present in A. vera

In most of the vegetal tissues, polysaccharides are the most
abundant components. They can be divided into two main classes
depending upon their function in the plant. The polymers that
can be found forming the cell walls are commonly known as cell
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wall polysaccharides, while the polymers able to act as the major
source of energy and water in many plant organs are classified
as storage polysaccharides. In the 4. vera gel, two main types
of polysaccharides can be distinguished: a mannan-rich storage
polysaccharide and pectic substances that are the main component
of the cell walls. In addition, cellulose and different types of
hemicellulosic polysaccharides have also been identified (9).

Storage Polysaccharide: Acemannan

The majority of storage polysaccharides are located within
the cells, i.e., starch, although in some instances hemicellulosic
polysaccharides from the cell walls, mainly mannans, may act
as food reserves (22, 23).

In most members of the Liliaceae and Iridaceae families,
glucomannans have been identified as the main storage poly-
saccharides. Structurally, these polymers contain approximately
equal amounts of glucose (Glc) and mannose (Man) residues,
linked in a p—(1 — 4) backbone with side chains containing
small proportions of galactose (Gal) residues (24).

Inaloe plants, the inner gel has been considered a water storage
tissue, being a mannan identified as the major polysaccharide
present therein (5, 9, 25). This polymer has been the most
widely studied polysaccharide from A. vera, consisting of
B 1-4-linked mannose residues (5, 9, 25). Because this mannan
is partially acetylated, the term “acemannan” was coined (25).

Acemannan.—Acemannan, commercially also known as
Carrisyn™, is the storage polysaccharide located within the
protoplast of the parenchymatous cells of plants belonging to
the Aloe genus. This polymer is considered to be responsible
of the large amount of water (approximately 99%) that can be
retained within the aloe leaves (5).

According to the scientific literature, acemannan is mainly
composed of large amounts of acetylated Man units (>60%),
followed by Glec (<20%) and, to a minor extent, Gal (<10%;
5, 15, 26-29). Structurally, acemannan isolated from A. vera
is formed by a main backbone of f—(1 — 4) acetylated Man,
which also contains f—(1 — 4) linked Glec, and it may also
present side chains of Gal units attached to the C—6 of the Man
residues forming the backbone (5, 15, 26, 27, 30).

Recently, Chokboribal et al. (15) defined the acemannan
polymer as a chain of repeating tetrasaccharide units:
O-(acetyl-D-mannose)-O-(acetyl-D-mannose)-O-(D-glucose)-
O-(acetyl-D-mannose) with a single-branched Gal at C6 of
the second acetylated Man residue (Figure 1). However, this
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definition does not seem to be very accurate because it has
been reported that repeating units of Glc and Man may also be
present in ratios of 1:6, 1:15, and 1:22 (6, 11, 14, 27, 31).

Acetylation may occur at the C-2, C-3, or C-6 of Man
residues with an acetyl:Man ratio of approximately 1:1 or even
higher (10, 25, 26, 32-34). Structurally, these acetyl groups are
the only non-sugar functional groups present in acemannan and
seem to play a key role in the physico-chemical properties and
biological activity associated to 4. vera (14, 15, 35). In general,
in most studies the MW of this polysaccharide is situated within
the range from 30 to 45 kDa, although higher MWs have also
been reported (up to 200 kDa; 15, 29, 36-38). It is important to
highlight that the acemannan polymer is not only structurally
unique but is also a characteristic compound of the Aloe species
amongst other well-known plant mannans, which either have
different side chains or are unacetylated and, therefore, highly
insoluble in aqueous media (35).

Cell Wall Polysaccharides

Plant cell walls are mainly comprised by polysaccharides,
including cellulose, hemicelluloses, and pectic substances
or pectins. These polymers are involved in the different
biomechanical properties of the cell walls (39). Several studies
have shown that galacturonic acid-rich pectic substances and
cellulose are the main polymers comprising the cell wall of
parenchymatous tissue of 4. vera (5, 9, 28). To a minor extent,
different hemicellulosic polymers have also been reported (5, 28).

Pectic polysaccharides.—Pectic polysaccharides or pectins,
which are the most abundant type of cell wall polymers present
in the 4. vera gel, are mainly found forming the cell walls of
the parenchyma (5). Generally, pectins are heterogeneous
polysaccharides composed primarily of (I — 4) o-D-
galacturonic acid (GalA) repeating units with intermittently
(1 — 2) linked rhamnose (Rha) residues acting as branch points
for neutral sugar side chains (Figure 2; 40, 41). The GalA units
may be present in the acid form or may also exist as methyl
esters with a certain degree of methyl ester substitution (DME),
which affects their ability to form gels in the presence of
multivalent ions such as calcium (Ca2+; 42, 43).

A. vera pectins have been characterized as containing a very
high proportion of GalA residues, usually higher than 95%
with less than 5% of neutral sugars, with Rha being the most
abundant sugar unit. This is indicative of a structure primarily
composed of long GalA blocks with very few neutral sugar
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Figure 1. Chemical structure of acemannan polymer proposed by Chokboribal et al. (15).
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Figure 2. Schematic representation of the pectin structure. Modified from Minjares-Fuentes and Femenia (42).

branches (5, 9, 16, 42, 44). The MW of pectins from 4. vera
gel ranges from 200 to 523 kDa, although pectins with lower
MW have also been observed (42, 43). In addition, 4. vera
pectins exhibit a relatively low DME, ranging from 2 to 20%
(13, 40, 42, 43, 45). Interestingly, earlier studies carried out
in Aloe species reported the presence of pectic substances as
the main polysaccharide present in the gel (16, 17). It is also
important to highlight that 4. vera pectins have also been
considered not only unique, being chemically and functionally
distinct from all known pectins or other polymers (9), but also
exceptional polymers because of the ability to form gels at low
polymer (0.2 wt %) and calcium ion (<10 mM) concentrations
in comparison with pectins from other sources (42, 44).
Cellulose—Cellulose, the second most abundant cell wall
polysaccharide found in 4. vera gel, is a B—(1 — 4) linked glucan
synthesized by enzymes located on the plasma membranes.
In general, the cellulose content can be estimated by the difference
in the amount of Glc obtained by Saeman hydrolysis and the
content of Glc obtained with a milder hydrolysis method using
H,SO,4 1 M. In general, most studies agree that cellulose accounts
for about 12—15% of cell wall material from A. vera gel (5, 13, 36),
although minor amounts have also been reported (28).
Hemicelluloses—Mannans and xyloglucans are the main type
of hemicellulosic polymers forming the cell wall of the 4. vera
tissues, although other type of hemicelluloses, such as xylans, can
also be found (5, 9). Previously, Femenia et al. (5), who carried
out the complete characterization of the main polysaccharides
present in the A. vera leaf, found that xyloglucans were the main
hemicellulosic cell wall polysaccharide present in the skin, fillet,
and gel. Interestingly, these authors also found minor amounts of
xylans in the skin fraction, suggesting the occurrence of secondary
walls, which have been associated with most of the textural
differences between the skin and fillet tissues. On the other hand,
the presence of mannans, mainly glucomannans, has also been
identified in liquid gel, which could be released from the cell walls
during A. vera gel processing (9). However, it is important to
note that, in contrast to the storage acemannan polymer, cell wall
glucomannans from 4. vera are usually unacetylated.

Analytical Techniques Used to Characterize the Main
Type of Polysaccharides from A. vera

Among all the constituents identified in A. vera, acetylated
polysaccharides are considered the most important active
component (5, 9, 10, 38, 46, 47). Interestingly, this type of polymer
can be found in the mucilaginous parenchyma of the A. vera leaf.

Thus, acetylated polysaccharides have been identified as one
of the key markers of the authenticity of 4. vera inner leaf, and,
in fact, good quality aloe-containing products must present the
highest possible level of these acetylated polysaccharides (46, 48).

However, the composition of 4. vera polysaccharides can
exhibit a high variability depending on different factors,
such as the geographic location, collection season, type of
processing, and storage conditions (13, 21, 46). For instance,
polysaccharides and acetyl groups can be lost or degraded
during processing because of overheating, over-digestion with
cellulase, or microbial contamination (47—49).

Further, marketers of 4. vera products tend to adulterate
with non-aloe polysaccharides in the final product to hide poor
quality of aloe gel and sell products with a very poor content of
aloe inner leaf gel that is unable to show any pharmacological
effect (48). Thus, different analytical methods have been reported
and/or developed for analysis of polysaccharide constituents in
the mucilaginous parenchyma of 4. vera leaf (48). Within this
context, different analytical techniques (in particular colorimetric,
spectrophotometric, and chromatographic methods) that have
been used to characterize the main 4. vera polysaccharides are
reviewed and discussed below.

Colorimetric-Based Methods

Different colorimetric methods have been used to quantify the
main aloe polysaccharides, such as phenol-sulfuric and Congo
red assays (9, 50). Overall, colorimetric assays are based on the
colored complex formed by the binding between the B(1 — 4)-
linked polysaccharides and the dye (50). These methods show
some advantages over other analytical techniques used to
characterize the aloe polysaccharides because they require low
investment and offer rapid responses. These advantages have
probably been the main reasons that explain the wide use of
these techniques in the quantification of aloe polysaccharides.

Recently, Salah et al. (49), who investigated the effect of
deacetylation on the antibacterial activity of acemannan polymer,
used the phenyl-sulfur colorimetric assay to characterize the
neutral sugar composition of acemannan polymer after the
deacetylation process took place. However, this method was not
able to differentiate acetylated from unacetylated polysaccharides.

On the other hand, Congo red has also been used by several
authors to quantify the acemannan polysaccharide from
different 4. vera extracts (20, 51, 52). In fact, Ray and Aswatha
(20) used this colorimetric assay to determine the content of
the acemannan polymer in 2-, 3-, and 4-year-old aloe plants
harvested at the rainy winter season. Later, Kiran and Rao (51)
also used this assay to estimate the content of acemannan in cell
wall material and non-fibrous, alcohol-insoluble residue from
A. vera gel. However, they were not able to discriminate the
acemannan polymer from cell wall glucomannans.

It is important to highlight that the Congo red assay has
been approved for the International Aloe Science Council (53)
as a rapid method to quantify the content of glucomannans
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from A. vera extracts. However, the results from these types
of assays could generate confusion because the majority
of polysaccharides, including most cell wall polymers, are
B—(1 — 4)-linked (46).

Spectroscopic-Based Methods

Because of the lack of sensitivity of colorimetric methods
to discriminate acetylated from unacetylated polymers, some
spectroscopic methods have been applied, in particular
FTIR spectroscopy and NMR. In the last decade, the use of
FTIR spectroscopy has been widely used for the identification
and characterization of A. vera polysaccharides (51, 54-56).
Specifically, the identification of bands within the range of
1078-1036 cm ' have been associated to the presence of
polysaccharide sugars, such as Man and Glc (55). Moreover, the
transmittance spectrum at around 1740, 1598, and 1248 cm™ are
attributed to the presence of C—O, COO—, and C—O—C stretches of
acetyl groups of acetylated polysaccharides present in the 4. vera
gel, in particular to the acemannan polysaccharide (3; Figure 3).

In fact, Nejatzadeh-Barandozi and Enferadi (55) used
FTIR analysis to describe the polysaccharides from 4. vera.
These authors studied the polysaccharides from skin juice, gel
juice, and flowers from A. vera treated with different fertilizers.
They observed clear differences in the polysaccharides obtained
from the different portions analyzed. It is important to note that
the observations of these authors have been widely used by other
authors to identify changes of the chemical composition of aloe
polysaccharides, in particular those affecting to acemannan and
pectic polysaccharides (3, 13, 40, 43, 51, 54, 56, 57).

Interestingly, several authors have used FTIR spectroscopy
to assess the effect of different drying procedures on the
acemannan polysaccharide (3, 40, 57). These authors observed
that the signal corresponding to acetyl groups of acemannan
(1740 and 1248 cm’l) decreased in most of the dehydrated
samples. Thus, these authors claimed that the reduction of
these bands was probably related to the deacetylation process
of acemannan.

On the other hand, NMR spectroscopy has proved to be
an essential tool for assessing the identity and the quality of
A. vera gel preparations (15, 58, 59). Specifically, "H-NMR
spectrometry has demonstrated capability of simultaneously
detecting and quantifying an important number of constituents in
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Figure 3. FTIR spectra of crude polysaccharides from A. vera gel.

a single spectrum. Interestingly, the acetyl groups of acemannan
generate a characteristic signal (2.00-2.26 ppm) that can be
considered the fingerprint of 4. vera (47; Figure 4). Further,
the direct 'H-NMR spectrometry quantitative method presents
advantages over some routine methods: simplicity, rapidity,
selective recognition, and the quantitative determination of
metabolites in such a complex biological matrix (48).

In 2013, Campestrini et al. (14) described for the first time
by NMR analysis the polysaccharides from a fibrous fraction
obtained from A. vera, identifying a partially acetylated 4-linked
B-D-glucomannan as the main polymer. Further, these authors
established the acetylation pattern of this type of polysaccharide
using bidimensional NMR analysis, showing that the acetyl
groups are located at C-2, C-2 and C-3, C-3 and/or C-6
positions of the mannose residues (14).

Furthermore, 'H-NMR spectrometry has also been
successfully used to quantify the deacetylation of acemannan
polysaccharide promoted by different and novel drying
procedures (47). Interestingly, the authors observed that the
intensity corresponding to the signal of acetyl groups exhibited
a good correlation with the losses of (1,3,4)-linked mannosyl
residues observed by using GC/MS analysis.

Chromatographic Analysis

Chromatography is probably the most complete technique
used to determine the content and type of polysaccharides in
A. vera extracts or products because the monomers constituting
the main 4. vera polymers can be easily separated and
analyzed either by GC or LC, including MS. The usefulness
of chromatography for analysis of 4. vera polysaccharides is
based mainly in the high sensibility and high accuracy of the
analysis because it is able to clearly identify the main sugar
monomers released after acid hydrolysis of polysaccharides.
In the last decades, the combination of chromatography and
MS has been a powerful tool for the characterization of the
acetylation pattern of polysaccharides, allowing inference of the
distribution and even the position of the acetyl groups (25, 60),
making it a valuable alternative to NMR, especially when very
low amounts of material are available (10).

In fact, Gowda et al. (31) and Mandal and Das (11) used
gas-liquid chromatography to elucidate the structure and
composition of polysaccharides from 4. vera gel for the first
time, identifying the presence of partially acetylated Man-rich
polysaccharides with different Glc—Man ratios and acetyl

Acemannan
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Figure 4. "HNMR spectra from acemannan isolated from A. vera gel.
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patterns. Later, Manna and McAnalley (25) used gas-liquid
chromatography/MS to determine the position of the acetyl
groups of the acetylated Man-rich polysaccharides from 4. vera
gel. They observed that acetylation could occur in three different
locations, at C2/C3 and C6 in a ratio of approximately 50:50.

In 1999, Femenia et al. (5) carried out a complete
characterization of 4. vera plant, dissecting the plant whole
leaves in fillets and skin, using GC and GC/MS analysis. They
observed that Man and cellulosic Glc were the predominant
sugar residues in the alcohol-insoluble residue from all
tissues, although significant amounts of sugars, such as GalA,
arabinose (Ara), and Gal, were also detected. Interestingly,
two main types of Man-containing polymers present in the
A. vera plant were described. On the one hand, the
polysaccharide detected in the fillet and gel fractions
corresponded to a storage polysaccharide located within
the protoplast of the parenchymatous cells. Its structural
and compositional features corresponded to the active
polysaccharide known as acemannan. On the other hand,
in the skin tissue, all the mannosyl residues arose from a
structural mannan polysaccharide located within the cell wall
matrix. Structural and compositional differences between both
polymers were confirmed by GC/MS analysis.

Later, Simoes et al. (10) carried out the determination of the
main structural features, including the acetylation profile, of a
commercially bioactive acemannan through MS. These authors
also observed the presence of Ara residues forming part of this
structure. In this study, the Man units released from acemannan
were highly acetylated, containing on average about two acetyl
groups per sugar unit, which is double of what has usually been
reported in the bibliography for this bioactive polysaccharide.
Interestingly, acetyl groups from acemannan polysaccharide
were non-homogeneously distributed, and even mannosyl
residues with up to three acetyl groups were observed.

Several authors have successfully used GC/MS analysis to
evaluate the main changes on the acemannan structure promoted
by different types of processing, in particular pasteurization (28)
and drying (36, 47). These authors detected, by methylation
analysis, important losses of galactosyl and acetyl residues in
the processed samples. Interestingly, small but significant losses
of Man of acemannan from A. vera dehydrated using different
drying methods, used at industrial scale, were observed by
Minjares-Fuentes et al. (47). Further, GC/MS analysis has
proved to be a useful tool to estimate the changes in the MW
of acemannan. This basic estimation is based on the ratio
of (1,4)-, (1,3,4)-, (1,4,6)-, and (1,3,4,6)-linked residues to
terminally linked mannosyl units (5).

It should also be pointed out that size exclusion HPLC, as
well as photometric or colorimetric methods, have also been
reported as potential techniques to determine the A. vera inner
leaf quality in commercial products. However, these analytical
methods are not able to differentiate artificially adulterated or
even non-aloe polysaccharides, such as maltodextrin, from
native A. vera polysaccharides (48).

Influence of Compositional and Structural
Characteristics of A. vera Polysaccharides on
Technological, Functional, and Beneficial Properties

Around the world, 4. vera processing has become a big
industry because of a large collection of well-documented

health benefits, such as wound healing, antimicrobial
properties, anti-inflammatory properties, skin protection,
hair growth, and immunomodulating properties, which have
mainly been attributed to the 4. vera polysaccharides (46).
In fact, the acemannan content has been considered one of the
key indicators of the quality and authenticity of aloe products.
However, different aspects of this polymer, such as the
structural arrangement, the MW and the degree of acetylation,
should also be considered in order to assess the overall quality
of A. vera processed products. Thus, within this context, the
most relevant information published about the influence of
A. vera polysaccharides on the technological, functional, and
beneficial properties is discussed below.

Technological Properties

From a technological point of view, different rheological
studies have shown that acemannan plays a key role in the
pseudoplastic flow behavior of the liquid gel obtained from fresh
A. vera gel, which may become less viscous, exhibiting typical
Newtonian flow properties, when it is degraded (9, 14, 21, 61).
In 1993, Yaron (21) carried out the first study about the relationship
between A. vera polysaccharides and the rheological behavior of
gel. This author observed that the viscosity of the gel decreased as
the shear rate increased, denoting a non-Newtonian shear-thinning
flow behavior of gel. This rheological behavior was mainly
attributed to the mannose-rich polysaccharides because these
polymers were the predominant polysaccharides found in the
A. vera gel. Interestingly, the degradation of these polymers, either
by physical or chemical means, promoted the modification of the
flow behavior, changing from a non-Newtonian to a Newtonian
behavior.

Later, Lad and Murthy (62) studied the rheological
characteristics of native gel and juice obtained from A. vera
under dynamic and steady shear. They observed that both the
elastic and viscous modules of the 4. vera gel were influenced
by the presence of weak, fibrous, and random structures of
polysaccharides. Interestingly, the moduli of the gel augmented
when the temperature increased whereas, in the case of the
juice, this parameter decreased when temperature increased.
Further, both 4. vera gel and juice samples exhibited a shear-
thinning behavior as previously described by Yaron (21);
however, a plateau region was observed at high shear rates
(>100 1/s). Interestingly, Campestrini et al. (14) demonstrated
that acetylated glucomannan from A. vera exhibited higher
viscoelastic properties at lower concentrations (0.03 g/L)
than partially acetylated Konjac glucomannan (at 1% wt; 14).
Several studies have shown that the acetyl groups of acemannan
are involved in the interaction of this polymer with other
biomolecules (14, 15).

Recently, Minjares-Fuentes et al. (13) studied the effect of
water deficit on the main polysaccharides and the rheological
behavior of 4. vera gel. These authors observed the characteristic
shear-thinning flow behavior in all the 4. vera mucilages tested,
however, the flow properties, such as the pseudoplasticity index
(n) and the viscosity (1), were affected by water deficit (Figure 5).
Interestingly, the flow properties increased as water deficit
increased. These authors concluded that rheological properties
could be governed not only by the degree of acetylation of
the acemannan polymer but also by the MW of this polymer,
because water deficit promoted a significant increase in
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Figure 5. Flow curves describing the non-Newtonian
shear-thinning flow behavior of fresh (full dots) and reconstituted
(empty dots) A. vera mucilages treated with different water deficits:
DO0=aloe without water deficit; D40 =aloe with 40% water deficit;

and D60=aloe with 60% water deficit. Modified from Minjares-Fuentes
et al. (13).

the average MW of acemannan. Therefore, the rheology of
the 4. vera gel (or mucilage) could be a key aspect that should
be taken into consideration when assessing the overall quality
of A. vera processed products (15, 36, 59).

Functional Properties

The considerable industrial value of 4. vera gel is mainly
related to the high capacity of the A. vera polymers to retain
water and/or oil (28). Functional properties closely linked to
aloe plant polysaccharides, such as the ability to swell (Sw),
water retention capacity (WRC), or ability to adsorb organic
molecules such as fatty acids [fat adsorption capacity (FAC)]
could be good indicators not only of the quality but also of the
physiological and nutritional benefits of the processed 4. vera
samples (36). It should also be pointed out that the functional
properties exhibited by polysaccharides present in the A. vera
parenchyma are significantly higher than the maximum
values reported for polymers obtained from different fruit and
vegetables (63). In fact, the high capacity of A. vera parenchyma
to retain water and oil may explain its widespread use in
cosmetics. Moreover, its efficiency in binding organic molecules
might play an important role in the reported capacity of A. vera
to lower the levels of cholesterol and to retain carcinogens
and other toxic compounds (28). Nevertheless, the structure
and composition of the different 4. vera polysaccharides may
be altered by chemical, mechanical, and thermal processing,
leading to the modification of the functional properties
attributed to the 4. vera gel (47). Dehydration, mainly applied
to produce powdered samples, and pasteurization carried out to
obtain A. vera juice, are probably the most common procedures
used by the A. vera industry (46). Thus, several studies have
been conducted to evaluate the impact of processing, either
drying or pasteurization, on the main 4. vera polysaccharides
and the main effects on the related functional properties
(28, 36, 47). In 2003, Femenia et al. (36) investigated the effect
of convective drying on functional properties. These authors
observed a significant decrease of Sw, WRC, and FAC values
as temperature increased from 40 to 80 °C. Interestingly, they

highlighted that functional properties from A. vera samples
dehydrated at temperatures between 40 and 60°C, were
significantly higher than the maximum values reported for most
fruits and vegetables (36). Later, Minjares-Fuentes et al. (47)
evaluated the functional properties of the acemannan polymer
isolated from A. vera samples dehydrated using different
drying procedures used at industrial scale, in particular, spray
drying, industrial freeze drying, refractance window drying,
and radiant zone drying (Figure 6). These authors observed that
the different drying procedures tested drastically affected the
functional properties of acemannan polymer. They attributed
this important reduction to the deacetylation, the loss of
branching (mainly galactosyl residues), and the reduction of the
MW observed in the acemannan polysaccharide.

On the other hand, the effect of the pasteurization process on
the functional properties related to the acemannan and cell wall
polymers from 4. vera was evaluated by Rodriguez-Gonzalez
et al. (28). They detected important changes in pasteurized
A. vera samples depending on the conditions used during the
pasteurization procedure (Table 1). Interestingly, all functional
properties decreased when A. vera was pasteurized at 85°C.
These authors explained that the modifications observed in the
functional properties could be promoted by the formation of
new hydrogen bonds between Man-rich oligosaccharides, which
resulted in the formation of high MW chains of acemannan.

Later, the same authors (19) carried out an optimization
study aimed at obtaining the optimal conditions of the
pasteurization process, maximizing the functional properties
related to the 4. vera polysaccharides. Thus, they found
that the highest Sw value was obtained when A. vera gel,
obtained from 3.6-year-old plants, was pasteurized at 60°C for
15 min. On the other hand, 4. vera gel obtained from 4-year-old
plants, pasteurized at 75°C for 20 min, exhibited the highest
WRC, whereas, for plants of the same age, pasteurization
carried out at 70°C for 15 min promoted the highest FAC. They
also highlighted the possibility of applying this pasteurization
conditions for the manufacture of 4. vera gel products with
maximized functional properties.

Beneficial Properties

In the last decades, several authors have associated most of the
beneficial properties of A. vera gel to the acetylated polysaccharide
acemannan present in the gel (2, 8, 9, 33, 34, 64-67).
These premises have led to the publication of numerous in vitro
and in vivo studies, as well as clinical trials, with the aim of gaining
more insight into the potential effects of 4. vera polysaccharides.

In recent years, several authors have observed that
polysaccharide-rich 4. vera extracts may exhibit a radical scav-
enging potential comparable to that of the synthetic antioxidant
butylated hydroxytoluene (8, 68). In fact, Kaithwas et al. (69)
observed that 4. vera polysaccharides have the ability to reduce
the 2,2-diphenyl-1-picrylhydrazyl radical to the corresponding
hydrazine by converting unpaired electrons to paired ones
(70). Moreover, in vivo assays demonstrated that doxorubicin
(anthracycline anticancer drug) and its metabolites produce free
radical species that attacked lipid components, leading to lipid
peroxidation, and co-administration of 4. vera polysaccharides
significantly prevented the increase in thiobarbituric acid reac-
tive substances levels in doxorubicin-treated animals, which was
comparable to standard vitamin E (70). It should be point out that
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Figure 6. Functional properties determined for acemannan
polysaccharide obtained from fresh A. vera gel (REFERENCE) and
processed samples obtained by spray drying (SD), industrial freeze
drying (IFD), refractance window drying (RWD), and radiant zone drying
(RZD). (a) Swelling (Sw), (b) water retention capacity (WRC), and (c) fat
adsorption capacity (FAC). Modified from Minjares-Fuentes et al. (47).

the antioxidant activity of A. vera polysaccharides was reported
to be dose dependent (69, 70). Nevertheless, the potential free
radical scavenging mechanism of 4. vera polysaccharides
is poorly understood, which could be attributed to the huge
structural diversity of these polysaccharides, resulting in a
major hindrance in the establishment of the structure-activity
relationship (70).

Table 1. Functional properties of the polysaccharide-rich
extracts from pasteurized A. vera gel®

Temperature, °C  Time, min  Sw, mL/g WRC, g H,O/g FAC, g oil/g

65 15 305+3.7 23.0+£0.2 33.20+0.5
25 290+3.5 20.8+0.2 29.50 + 0.5
75 15 272+3.3 30.1+£0.2 32.80+0.5
25 267 £3.2 29.2+0.2 32.00+0.5
85 15 250+3.0 18.0+0.1 272004
25 245+2.9 15.9+0.1 26.50 £ 0.4

@ Modified from Rodriguez-Gonzélez et al. (28).

Furthermore, recent studies have shown that the high
MW fractions of acemannan are degraded by the intestinal
microbiota to form oligosaccharides that inhibit intestinal
glucose absorption (71-74), which has been associated to a
significant reduction in blood glucose, blood pressure, and the
improvement of the lipid profile in diabetic patients (2, 75, 76).
Also, in a recent in vitro study, it was shown that acemannan
could decrease the transepithelial electrical resistance of
intestinal epithelial cell monolayers (Caco-2), allowing
different bioactive components to be transported across the
intestinal epithelium (41). Nutrigenomic studies have also been
conducted to elucidate the mechanism of the hypoglycemic
and insulin-sensitizing effects of 4. vera, and the results have
shown that acemannan may reduce hepatic fat accumulation,
enhancing insulin signaling in adipose tissue. These studies
have provided an explanation of the mechanism that increases
insulin sensitivity and decreases blood glucose in diabetics and
prediabetic models (77, 78).

On the other hand, several in vitro studies have shown that
modified 4. vera polysaccharides, with MWs ranging from
5 to 400 kDa, were able to increase phagocytic and proliferative
activity by inhibiting the cyclooxygenase pathways and
reducing prostaglandin E2 production, which plays a key role
in inflammation (38, 79). Furthermore, clinical studies have
demonstrated that acemannan possesses immunomodulatory
properties for macrophages and monocytes with a minimal
systemic toxicity following intraperitoneal or intravenous
administration (1, 26, 80-83).

Recently, Chokboribal et al. (15) performed a study
highlighting the importance of acetylation on the biological
activity of acemannan polysaccharide. They observed that
deacetylation higher than 35% significantly reduces the human
gingival fibroblast cell proliferation. Further, acemannan
deacetylation resulted in the considerable reduction in vascular
endothelial growth factor (VEGF) expression compared
with acemannan (15). Several authors have also reported that
acemannan promotes wound healing by stimulating VEGF and
type I collagen synthesis (81, 82).

Moreover, it has been observed that pectins with MW lower
than 400 kDa may exhibit a potent macrophage-activating
activity, as determined by increased cytokine production, nitric
oxide release, surface molecule expression, and phagocytic
activity. Interestingly, a potent antitumor activity in vivo has
also been reported for this type of polysaccharide (38, 70).
Recently, it has been well documented that pectins containing
over 80% of GalA units, as in the case of 4. vera pectins,
possess immunostimulatory activity promoting phagocytic
activity of monocyte-macrophage system in mice (84, 85).
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Also, the specific intrinsic features, together with their high
cytocompatibility, make A. vera pectins a novel and exceptional
material in the development of biocomposites for biomedical
applications (43, 86, 87).

Conclusions

In the last decades, 4. vera has been the subject of numerous
studies because of the wide gamut of beneficial effects that
have been associated with this plant. Most authors consider
A. vera polysaccharides as the main bioactive components
present in the 4. vera gel. In particular, two main types of
bioactive polysaccharides have been distinguished in the
parenchymatous tissue: the acemannan polymer and pectic
substances. Interestingly, the structural and compositional
features of these polysaccharides make them unique and
distinct from polysaccharides obtained from other sources. The
acemannan polymer is likely not only the main component of
A. vera gel but also the most biologically active compound.
The acetyl groups from acemannan seem to be the key to most
of the properties associated with this polymer, enhancing its
potential interaction ability with other biomacromolecules.
Thus, the accurate identification of these polysaccharides,
particularly acemannan, can be a useful tool, not only for
assessing the authenticity of A. vera products, but also for
assessing the biological activity of these polysaccharides.
Nevertheless, the identification and quantification of these
polymers is rather difficult using a single analytical technique
because most of the methods used are unable to distinguish
the acetylated acemannan from unacetylated mannan polymers.

References

(1) Guo, X., & Mei, N. (2016) J. Environ. Sci. Health, Part C:
Environ. Carcinog. Ecotoxicol. Rev. 34, 77-96. doi:10.1080/105
90501.2016.1166826

(2) Pothuraju, R., Sharma, R.K., Onteru, S.K., Singh, S., &
Hussain, S.A. (2016) Phytother. Res. 30, 200-207. doi:10.1002/
ptr.5532

(3) Minjares-Fuentes, R., Femenia, A., Comas-Serra, F.,

Rossello, C., Rodriguez-Gonzalez, V.M., Gonzalez-Laredo, R.F.,
Gallegos-Infante, J.A., & Medina-Torres, L. (2016) LWT - Food
Sci. Technol. 74, 378-386. doi:10.1016/j.1wt.2016.07.060

(4) Rodriguez, E.R., Martin, J.D., & Romero, C.D. (2010) Crit. Rev.
Food Sci. Nutr. 50, 305-326. doi:10.1080/10408390802544454

(5) Femenia, A., Sanchez, E.S., Simal, S., & Rosselld, C.

(1999) Carbohydr. Polym. 39, 109—117. doi:10.1016/S0144-
8617(98)00163-5

(6) Boudreau, M.D., & Beland, F.A. (2006) J. Environ. Sci. Health,
Part C: Environ. Carcinog. Ecotoxicol. Rev. 24, 103—154.
doi:10.1080/10590500600614303

(7) Eshun, K., & He, Q. (2004) Crit. Rev. Food Sci. Nutr. 44,
91-96. doi:10.1080/10408690490424694

(8) Choi, S., & Chung, M.-H. (2003) Seminars in Integrative
Medicine 1, 53-62. doi:10.1016/S1543-1150(03)00005-X

(9) Ni, Y., Turner, D., Yates, K.M., & Tizard, 1. (2004)

Int. Immunopharmacol. 4, 1745-1755. doi:10.1016/j.
intimp.2004.07.006

(10) Simdes, J., Nunes, F.M., Domingues, P., Coimbra, M.A., &
Domingues, M.R. (2012) Carbohydr. Polym. 90, 229-236.
doi:10.1016/j.carbpol.2012.05.029

(11) Mandal, G., & Das, A. (1980) Carbohydr. Res. 87, 249-256.
doi:10.1016/S0008-6215(00)85211-8

(12)

(13)

(14)

(15)

(16)

a7

(18)

19

(20)
@n

(22)

(23)

(24)

(25)

(26)

@7

(28)

(29)

(30)

(1))

(32)

(33)
(34)

(35)

Wozniewski, T., Blaschek, W., & Franz, G. (1990) Carbohydr.
Res. 198, 387-391. doi:10.1016/0008-6215(90)84312-1
Minjares-Fuentes, R., Medina-Torres, L., Gonzalez-Laredo, R.F.,
Rodriguez-Gonzalez, V.M., Eim, V., & Femenia, A. (2017) Ind.
Crops Prod. 109, 644—653. doi:10.1016/j.indcrop.2017.09.016
Campestrini, L.H., Silveira, J.L.M., Duarte, M.E.R.,

Koop, H.S., & Noseda, M.D. (2013) Carbohydr. Polym. 94,
511-519. doi:10.1016/j.carbpol.2013.01.020

Chokboribal, J., Tachaboonyakiat, W., Sangvanich, P.,
Ruangpornvisuti, V., Jettanacheawchankit, S., &
Thunyakitpisal, P. (2015) Carbohydr. Polym. 133, 556-566.
doi:10.1016/j.carbpol.2015.07.039

Mandal, G., & Das, A. (1980) Carbohydr. Res. 86, 247-257.
doi:10.1016/S0008-6215(00)85902-9

Ovodova, R.G., Lapchik, V.E., & Ovodov, Y.S. (1975) Chem.
Nat. Compd. 11, 1-2. doi:10.1007/BF00567016

Grindlay, D., & Reynolds, T. (1986) J. Ethnopharmacol. 16,
117-151. doi:10.1016/0378-8741(86)90085-1
Rodriguez-Gonzalez, V.M., Femenia, A., Minjares-Fuentes, R., &
Gonzalez-Laredo, R.F. (2012) LWT - Food Sci. Technol. 47,
225-232. doi:10.1016/j.1wt.2012.01.004

Ray, A., & Aswatha, S.M. (2013) Ind. Crops Prod. 48, 36-42.
doi:10.1016/j.indcrop.2013.03.024

Yaron, A. (1993) Phytother. Res. 7, S11-S13. doi:10.1002/
ptr.2650070706

Brett, C., & Waldron, K. (1990) Physiology and Biochemistry of
Plant Cell Walls, Springer Netherlands, Dordrecht, Netherlands,
pp 89-113

Meier, H., & Reid, J.S.G. (1982) in Plant Carbohydrates I:
Intracellular Carbohydrates, F.A. Loewus & W. Tanner

(Eds), Springer-Verlag Berlin Heidelberg, Berlin, Germany,

pp 418-471

Brett, C., & Waldron, K. (1990) Physiology and Biochemistry of
Plant Cell Walls, Springer Netherlands, Dordrecht, Netherlands,
pp 155-167

Manna, S., & McAnalley, B.H. (1993) Carbohydr. Res. 241,
317-319. doi:10.1016/0008-6215(93)80122-U

Talmadge, J., Chavez, J., Jacobs, L., Munger, C., Chinnah, T.,
Chow, J.T., Williamson, D., & Yates, K. (2004) Int.
Immunopharmacol. 4, 1757-1773. doi:10.1016/].
intimp.2004.07.013

Chow, J.T., Williamson, D.A., Yates, K.M., & Goux, W.J.
(2005) Carbohydr. Res. 340, 1131-1142. doi:10.1016/].
carres.2005.02.016

Rodriguez-Gonzélez, V.M., Femenia, A., Gonzalez-Laredo, R.F.,
Rocha-Guzman, N.E., Gallegos-Infante, J.A.,

Candelas-Cadillo, M.G., Ramirez-Baca, P., Simal, S., &
Rossello, C. (2011) Carbohydr. Polym. 86, 1675-1683.
doi:10.1016/j.carbpol.2011.06.084

Escobedo-Lozano, A.Y., Domard, A., Velazquez, C.A.,
Goycoolea, F.M., & Argiielles-Monal, WM. (2015)

Carbohydr. Polym. 115, 707-714. doi:10.1016/].
carbpol.2014.07.064

Kim, Y.S. (2006) in New Perspectives on Aloe, Y.1. Park, &
S.K. Lee (Eds), Springer US, Boston, MA, pp 57-62

Gowda, C.D., Neelisiddaiah, B., & Anjaneyalu, Y.V.

(1979) Carbohydr: Res. 72, 201-205. doi:10.1016/S0008-
6215(00)83936-1

Fogleman, R.W., Shellenberger, T.E., Balmer, M.F.,

Carpenter, R.H., & McAnalley, B.H. (1992) Vet. Hum. Toxicol.
34, 144-147

McAnalley, B.H. (1993) Process for Preparation of Aloe Products.
United States of America WO 89/06539 (October 20, 1993)
Hamman, J. (2008) Molecules 13, 1599—-1616. doi:10.3390/
molecules13081599

Ni, Y., Yates, K.M., & Tizard, I.R. (2004) in Aloes: The Genus
Aloe, T. Reynolds (Ed.), CRC Press, Boca Raton, FL

0202 Joqueoaq 0z uo 1senb Aq || L#G9G/L 1.2 1/9/1.01/aI01E/oe0R /W00 dno-olwapese)/:sdpy Wo.j papeojumoq


https://doi.org/10.1016/0008-6215(90)84312-I
https://doi.org/10.1016/j.indcrop.2017.09.016
https://doi.org/10.1016/j.carbpol.2013.01.020
https://doi.org/10.1016/j.carbpol.2015.07.039
https://doi.org/10.1016/S0008-6215(00)85902-9
https://doi.org/10.1007/BF00567016
https://doi.org/10.1016/0378-8741(86)90085-1
https://doi.org/10.1016/j.lwt.2012.01.004
https://doi.org/10.1016/j.indcrop.2013.03.024
https://doi.org/10.1002/ptr.2650070706
https://doi.org/10.1002/ptr.2650070706
https://doi.org/10.1016/0008-6215(93)80122-U
https://doi.org/10.1016/j.intimp.2004.07.013
https://doi.org/10.1016/j.intimp.2004.07.013
https://doi.org/10.1016/j.carres.2005.02.016
https://doi.org/10.1016/j.carres.2005.02.016
https://doi.org/10.1016/j.carbpol.2011.06.084
https://doi.org/10.1016/j.carbpol.2014.07.064
https://doi.org/10.1016/j.carbpol.2014.07.064
https://doi.org/10.1016/S0008-6215(00)83936-1
https://doi.org/10.1016/S0008-6215(00)83936-1
https://doi.org/10.3390/molecules13081599
https://doi.org/10.3390/molecules13081599
https://doi.org/10.1080/10590501.2016.1166826
https://doi.org/10.1080/10590501.2016.1166826
https://doi.org/10.1002/ptr.5532
https://doi.org/10.1002/ptr.5532
https://doi.org/10.1016/j.lwt.2016.07.060
https://doi.org/10.1080/10408390802544454
https://doi.org/10.1016/S0144-8617(98)00163-5
https://doi.org/10.1016/S0144-8617(98)00163-5
https://doi.org/10.1080/10590500600614303
https://doi.org/10.1080/10408690490424694
https://doi.org/10.1016/S1543-1150(03)00005-X
https://doi.org/10.1016/j.intimp.2004.07.006
https://doi.org/10.1016/j.intimp.2004.07.006
https://doi.org/10.1016/j.carbpol.2012.05.029
https://doi.org/10.1016/S0008-6215(00)85211-8

(36)

(37

(3%)

(39)

(40)
(41)

(42)

43)

(44)

(45)

(46)

(47)

(48)

(49)

(50)

(51
(52)

(53)

(54)
(55)
(56)

(57)

(58)

(59)

MINJARES-FUENTES ET AL.: JOURNAL OF AOAC INTERNATIONAL VOL. 101, No. 6,2018 1719

Femenia, A., Garcia-Pascual, P., Simal, S., & Rossello, C.
(2003) Carbohydr. Polym. 51, 397-405. doi:10.1016/S0144-
8617(02)00209-6

Turner, C.E., Williamson, D.A., Stroud, P.A., & Talley, D.J.
(2004) Int. Immunopharmacol. 4, 1727-1737. doi:10.1016/j.
intimp.2004.07.004

Im, S.-A., Oh, S.-T., Song, S., Kim, M.-R., Kim, D.-S.,

Woo, S.-S., Jo, T.H., Park, Y.I., & Lee, C.K. (2005)

Int. Immunopharmacol. 5,271-279. doi:10.1016/].
intimp.2004.09.031

Ochoa-Villarreal, M., Aispuro-Hernandez, E.,
Martinez-Téllez, M.A., & Vargas-Arispuro, 1. (2012) in
Polymerization, A. De Souza Gomes (Ed.), InTech, London,
United Kingdon, pp 63-86

Lim, Z.X., & Cheong, K.Y. (2015) Phys. Chem. Chem. Phys.
17, 26833-26853. doi:10.1039/C5CP04622]

Sharma, K., Mittal, A., & Chauhan, N. (2015) Int. J. Drug Dev.
Res. 7,31-43

McConaughy, S.D., Stroud, P.A., Boudreaux, B.,

Hester, R.D., & McCormick, C.L. (2008) Biomacromolecules
9, 472-480. doi:10.1021/bm7009653

Gentilini, R., Bozzini, S., Munarin, F., Petrini, P., Visai, L., &
Tanzi, M.C. (2014) J. Appl. Polym. Sci. 131. doi:10.1002/app.39760
McConaughy, S.D., Kirkland, S.E., Treat, N.J., Stroud, PA., &
McCormick, C.L. (2008) Biomacromolecules 9, 3277-3287.
doi:10.1021/bm8008457

Geng, L., Zhou, W., Qu, X., Chen, W., Li, Y., Liu, C.,

Sun, J., Yu, X., Wang, H., Zhang, Z., Li, J., & Wang, L.
(2014) Carbohydr. Polym. 105, 193—-199. doi:10.1016/j.
carbpol.2014.01.069

Minjares-Fuentes, J.R., & Femenia, A. (2016) in Dietary Fiber
Functionality in Food and Nutraceuticals, F. Hosseinian,

B.D. Oomah, & R. Campos-Vega (Eds), John Wiley & Sons,
Ltd., West Sussex, United Kingdom, pp 263-287
Minjares-Fuentes, R., Rodriguez-Gonzalez, V.M.,
Gonzalez-Laredo, R.F., Eim, V., Gonzalez-Centeno, M.R., &
Femenia, A. (2017) Carbohydr. Polym. 168, 327-336.
doi:10.1016/j.carbpol.2017.03.087

Jiao, P., Jia, Q., Randel, G., Diehl, B., Weaver, S., &

Milligan, G. (2010) J. AOAC Int. 93, 842-848

Salah, F., Ghoul, Y.E., Mahdhi, A., Majdoub, H., Jarroux, N., &
Sakli, F. (2017) Ind. Crops Prod. 103, 13—18. doi:10.1016/j.
indcrop.2017.03.031

Eberendu, A.R., Luta, G., Edwards, J.A., McAnalley, B.H.,
Davis, B., Rodriguez, S., & Ray Henry, C. (2005) J. AOAC Int.
88, 684-691

Kiran, P., & Rao, P.S. (2016) J. Food Meas. Charact. 10,
411-424. doi:10.1007/s11694-016-9320-5

Saberian, H., Hamidi Esfahani, Z., & Abbasi, S. (2015)

Iran. J. Chem. Chem. Eng. 34, 99—108

International Aloe Science Council (2016) IASC Certification
program, IASC Aloe vera Quality Standard, http://portals7.
gomembers.com/Portals/19/Documents/Certification/
AloeVeraQualityStandard.pdf (accessed February 1, 2016)
Swami Hulle, N.R., Patruni, K., & Rao, P.S. (2014) J. Food
Process Eng. 37, 375-386. doi:10.1111/jfpe.12093
Nejatzadeh-Barandozi, F., & Enferadi, S. (2012) Org. Med.
Chem. Lett. 2. doi:10.1186/2191-2858-2-33

Kiran, P., & Rao, P.S. (2014) Food Res. Int. 62, 1029-1037.
doi:10.1016/j.foodres.2014.05.033

Sriariyakul, W., Swasdisevi, T., Devahastin, S., &
Soponronnarit, S. (2016) Food Bioprod. Process. 100, Part A,
391-400. doi:10.1016/j.fbp.2016.08.012

Diehl, B., & Teichmuller, E.E. (1998) Agro Food Ind. Hi-Tech
9,14-16

Bozzi, A., Perrin, C., Austin, S., & Arce Vera, F. (2007)

Food Chem. 103, 22-30. doi:10.1016/j.foodchem.2006.05.061

(60)

(61)
(62)

(63)

(64)
(65)

(66)

(67)
(68)
(69)
(70)

()]

(72)
(73)
74
(75)
(76)
"
(78)
(79

(80)

(81)

(82)

(83)
(84)

(85)

(86)

(87

Simdes, J., Nunes, F.M., Domingues, M.d.R.M., & Coimbra, M.A.
(2010) Carbohydr. Polym. 79, 397-402. doi:10.1016/j.
carbpol.2009.08.020

Yaron, A., Cohen, E., & Arad, S.M. (1992) J. Agric. Food
Chem. 40, 1316-1320. doi:10.1021/jf00020a004

Lad, V.N., & Murthy, Z.V.P. (2013) J. Food Eng. 115, 279-284.
doi:10.1016/j.jfoodeng.2012.10.036

Elleuch, M., Bedigian, D., Roiseux, O., Besbes, S.,

Blecker, C., & Attia, H. (2011) Food Chem. 124, 411-421.
doi:10.1016/j.foodchem.2010.06.077

Radha, M.H., & Laxmipriya, N.P. (2015) J. Tradit. Complement.
Med. 5,21-26. doi:10.1016/j.jtcme.2014.10.006

Reynolds, T. (1985). Bot. J. Lin. Soc. 90, 157-177.
doi:10.1111/1.1095-8339.1985.tb00377.x

t’Hart, L.A., van den Berg, A.J., Kuis, L., van Dijk, H., &
Labadie, R.P. (1989) Planta Med. 55, 509-512.
doi:10.1055/s-2006-962082

Reynolds, T., & Dweck, A.C. (1999) J. Ethnopharmacol. 68,
3-37. doi:10.1016/S0378-8741(99)00085-9

Hu, Y., Xu, J., & Hu, Q. (2003) J. Agric. Food Chem. 51,
7788-7791. doi:10.1021/jf034255i1

Kaithwas, G., Dubey, K., & Pillai, K.K. (2011) Indian J. Exp.
Biol. 49, 260-268

Kaithwas, G., Singh, P., & Bhatia, D. (2014) Drug Chem.
Toxicol. 37, 135-143. doi:10.3109/01480545.2013.834350
Yagi, A., Hamano, S., Tanaka, T., Kaneo, Y., Fujioka, T., &
Mihashi, K. (2001) Planta Med. 67, 297-300.
doi:10.1055/s-2001-14314

Yagi, A., Hegazy, S., Kabbash, A., & Wahab, E.A.-E. (2009)
Saudi Pharm. J. 17,209-215. doi:10.1016/j.jsps.2009.08.007
Boban, P.T., Nambisan, B., & Sudhakaran, P.R. (2006)
British J. Nutr. 96, 1021-1029. doi:10.1017/BJN20061944
Jain, A., Gupta, Y., & Jain, S.K. (2007) J. Pharm. Pharm. Sci.
10, 86-128

Sood, N., Baker, W.L., & Coleman, C.I. (2008) Am. J. Clin.
Nutr. 88, 1167-1175. doi:10.1093/ajcn/88.4.1167

Choudhary, M., Kochhar, A., & Sangha, J. (2011) J. Food Sci.
Technol. 51, 90-96. doi:10.1007/s13197-011-0459-0
Tseng-Crank, J., Do, S.-G., Corneliusen, B., Hertel, C.,
Homan, J., Yimam, M., Zhao, J., & Jia, Q. (2013) Open J.
Genet. 3, 9-86. doi:10.4236/0jgen.2013.32A2002.

Yagi, A. (2014) J. Gastroenterol. Hepatol. Res. 3, 996—-1005
Park, M.-Y., Kwon, H.-J., & Sung, M.-K. (2009) Biosci.
Biotechnol. Biochem. 73, 828—-832. d0i:10.1271/bbb.80714
Karaca, K., Sharma, J.M., & Nordgren, R. (1995) Int.

J. Immunopharmacol. 17, 183-188. doi:10.1016/0192-
0561(94)00102-T

Jettanacheawchankit, S., Sasithanasate, S., Sangvanich, P.,
Banlunara, W., & Thunyakitpisal, P. (2009) J. Pharmacol. Sci.
109, 525-531. doi:10.1254/jphs.08204FP

Chantarawaratit, P., Sangvanich, P., Banlunara, W.,
Soontornvipart, K., & Thunyakitpisal, P. (2014) J. Periodont.
Res. 49, 164-178. doi:10.1111/jre.12090

Kumar, S., & Tiku, A.B. (2016) Food Agric. Immunol. 27,
72-86. doi:10.1080/09540105.2015.1079594

Popov, S.V., & Ovodov, Y.S. (2013) Biochemistry (Moscow) 78,
823-835. doi:10.1134/S0006297913070134

Wang, H., Wei, G., Liu, F., Banerjee, G., Joshi, M., Bligh, S.,
Shi, S., Lian, H., Fan, H., Gu, H., & Wang, S. (2014) Int. J. Mol.
Sci. 15, 9963-9978. doi:10.3390/ijms 15069963

Gentilini, R., Munarin, F., Petrini, P., & Tanzi, M.C. (2014)

in Pectin: Chemical Properties, Uses and Health Benefits,
P.L. Bush (Ed.), Nova Science Publishers, Hauppauge, NY,
pp 1-15

Tummalapalli, M., Berthet, M., Verrier, B., Deopura, B.L.,
Alam, M.S., & Gupta, B. (2016) Int. J. Biol. Macromol. 82,
104-113. doi:10.1016/j.ijbiomac.2015.10.087

0202 Joqueoaq 0z uo 1senb Aq || L#G9G/L 1.2 1/9/1.01/aI01E/oe0R /W00 dno-olwapese)/:sdpy Wo.j papeojumoq


https://doi.org/10.1016/j.carbpol.2009.08.020
https://doi.org/10.1016/j.carbpol.2009.08.020
https://doi.org/10.1021/jf00020a004
https://doi.org/10.1016/j.jfoodeng.2012.10.036
https://doi.org/10.1016/j.foodchem.2010.06.077
https://doi.org/10.1016/j.jtcme.2014.10.006
https://doi.org/10.1111/j.1095-8339.1985.tb00377.x
https://doi.org/10.1055/s-2006-962082
https://doi.org/10.1016/S0378-8741(99)00085-9
https://doi.org/10.1021/jf034255i
https://doi.org/10.3109/01480545.2013.834350
https://doi.org/10.1055/s-2001-14314
https://doi.org/10.1016/j.jsps.2009.08.007
https://doi.org/10.1017/BJN20061944
https://doi.org/10.1093/ajcn/88.4.1167
https://doi.org/10.1007/s13197-011-0459-0
https://doi.org/10.4236/ojgen.2013.32A2002
https://doi.org/10.1271/bbb.80714
https://doi.org/10.1016/0192-0561(94)00102-T
https://doi.org/10.1016/0192-0561(94)00102-T
https://doi.org/10.1254/jphs.08204FP
https://doi.org/10.1111/jre.12090
https://doi.org/10.1080/09540105.2015.1079594
https://doi.org/10.1134/S0006297913070134
https://doi.org/10.3390/ijms15069963
https://doi.org/10.1016/j.ijbiomac.2015.10.087
https://doi.org/10.1016/S0144-8617(02)00209-6
https://doi.org/10.1016/S0144-8617(02)00209-6
https://doi.org/10.1016/j.intimp.2004.07.004
https://doi.org/10.1016/j.intimp.2004.07.004
https://doi.org/10.1016/j.intimp.2004.09.031
https://doi.org/10.1016/j.intimp.2004.09.031
https://doi.org/10.1039/C5CP04622J
https://doi.org/10.1021/bm7009653
https://doi.org/10.1002/app.39760
https://doi.org/10.1021/bm8008457
https://doi.org/10.1016/j.carbpol.2014.01.069
https://doi.org/10.1016/j.carbpol.2014.01.069
https://doi.org/10.1016/j.carbpol.2017.03.087
https://doi.org/10.1016/j.indcrop.2017.03.031
https://doi.org/10.1016/j.indcrop.2017.03.031
https://doi.org/10.1007/s11694-016-9320-5
http://portals7.gomembers.com/Portals/19/Documents/Certification/AloeVeraQualityStandard.pdf
http://portals7.gomembers.com/Portals/19/Documents/Certification/AloeVeraQualityStandard.pdf
http://portals7.gomembers.com/Portals/19/Documents/Certification/AloeVeraQualityStandard.pdf
https://doi.org/10.1111/jfpe.12093
https://doi.org/10.1186/2191-2858-2-33
https://doi.org/10.1016/j.foodres.2014.05.033
https://doi.org/10.1016/j.fbp.2016.08.012
https://doi.org/10.1016/j.foodchem.2006.05.061

