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Introduction
Aloe vera (Aloe barbadensis Miller) is a perennial monocot 

plant with turgid green leaves joined to the stem in a rosette pattern. 
Aloe leaves consist of a thick epidermis (skin) covered by a cuticle 
surrounding the mesophyll that includes chlorenchyma cells and 
thinner walled cells that form the parenchyma (filet). The mesophyll 
cells contain a transparent mucilaginous jelly called Aloe vera gel [1].

Aloe vera is native to western meridional Africa and belongs to 
the group of crassulacean acid metabolism plants (CAM plants) with 
nocturnal CO2 assimilation, which prevents water loss in hours when 
there is less evaporative demand. The species is therefore adapted to 
arid and semi-arid regions such as northern Chile (from the II to IV 
Regions) [2]. These regions have an arid Mediterranean climate with 
mean annual precipitation of 170 mm in rainy years and 40 mm in dry 
years. The mean maximum temperature is 32°C at midday in summer, 
with occasional peaks of up to 45°C. The average minimum night time 
temperature in winter and spring is 6°C [2,3].

Aloe vera leaves and leaf gel have been used commercially since 
ancient times. Their beneficial medicinal, cosmetic and nutritional 
effects have been described, but until recently no experimental 
scientific evidence existed validating them. However, many accounts 
describe how the gel induces rapid healing of wounds and stimulates 
macrophages in the immune system. It is also known that the 
anthraquinones in the leaves can act as laxatives and as antifungal 
and antibacterial drugs [4-6]. Today it is accepted that the medicinal, 
cosmetics and nutritional properties of Aloe vera are due to the 
molecules the plant synthesizes. Two classes of polysaccharides in the 
gels and leaves work to prevent the development of colon-rectal cancer 
and induce effective wound healing. Both properties are currently 
under investigation by our group.

The chemical composition of plant constituents depends on 
geographical distribution, soil quality, water availability, solar 
radiation and temperature. Water availability is important, since the 
physiological role of leaf gel is to retain water. The amount of water in 
the gel fluctuates between 98.5% and 99.5% of fresh weight, while more 
than 60% of the remaining gel consists of polysaccharides [1-3].

To process the leaf, its products are separated into gel and cortex. 
The latex is in the cortex and corresponds to the bitter yellow juice of 
the green part of the leaf produced in the leaf epidermis and in the 
spiny portion of the leaves. The bitter juice contains hydroxyanthracene 
derivatives (15-40%). Aloe gel is the colorless mucilage within the 
inner part of the fresh leaves [7] and consists primarily of water 
(>98%) and polysaccharides (pectins, cellulose, hemicellulose and an 
acetylated galactoglucomannan called acemannan). Acemannan is 
the main functional component of the gel, and is formed by a long 
chain of acetylated mannose intercepted with glucose, in which the 
mannose holds branches of galactose [1,8]. Aloe gel is commercialized 
as a concentrated powder and used as a wound-healing agent and 
immune system stimulant [9,10]. The physiological activity of Aloe 
vera polysaccharides as wound healing agents has been widely studied 
using in vitro cell cultures to determine the rate at which cells engaged 
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in tissue repair such as fibroblasts and epidermal and endodermal cells 
proliferate [11,12].

This study aims to analyze the process by which gel and latex is 
extracted from aloe vera grown and utilized in Chile, comparing it with 
other Aloe barbadensis varieties cultivated elsewhere. We also analyze 
the dehydrated pressed solid residue (cake) – of interest due to its high 
dietetic fiber content and the physical and chemical parameters (pH, 
humidity, acidity, etc.) of each product obtained in this manner, as 
well as steroid, triterpene, flavonoid and aloin content, among other 
aspects.

Materials and Methods
Plant material and tissue separation

Aloe vera (Aloe barbadensis Miller) leaves were gathered in 
February, 2010 in Coquimbo in the IV Region of Chile, at a latitude 
of 31°S. Specimens were delivered to the Facultad de Ciencias, 
Universidad de Chile and plants were identified by Dr. Jose San Martin 
(University of Talca, Plant Biology and Biotechnology Institute) as 
Aloe barbadensis Miller.

Samples were kept frozen (-40ºC) and protected from light until 
the analytical procedure took place. The leaves used for extractions 
measured between 40 and 60 cm in length and were taken from 3-year 
old plants. Whole leaves were cleaned by washing them individually 
with distilled water and water with 0.5% chlorine. The spikes and 
margins were removed before slicing the leaf. The cortex was carefully 
separated from the parenchyma using a scalpel-shaped knife. Filets 
were washed thoroughly with distilled water to remove the exudate 
from surfaces. Fresh aloe filets were stored for no longer than 1 h at 
-18ºC prior to lyophilization.

Dehydration

The extracted gel was lyophilized in a Thermo Savant Model D-230 
at -50°C under vacuum. The pressed cake, consisting of filet residues, 
was kept in a pressurized filter and dehydrated in a Heraeus TU 60/60 
WC (Heraeus GMHB Hanau) oven at 80 ± 5°C. Both products were 
reduced to powder and stored at room temperature in closed glass 
flasks to prevent gel humidification.

General experimental procedures

Unless otherwise stated, all starting materials were obtained from 
commercial suppliers and used without further purification. Column 
chromatography took place using silica gel 60 (Merck, Darmstadt, 
Germany). Thin layer chromatography (TLC) was performed on silica 
gel GF254 (Merck) using two kinds of solvents: (1) CH

2
Cl

2
:MeOH 

(3:1), and (2) AcOEt–MeOH (4:1) and/or aluminum oxide 60 F254 
(Merck) using CH

2
Cl

2
:MeOH (10:1) as a solvent. Spots were detected 

by UV light and Dragendorff or Liebermann–Burchard, anisaldehyde 
and NP/PEG reagents. Preparative TLC was performed on 2-mm thick 
silica gel F254 plates (Merck).

Analytical methods gel and cake analyses

Moisture: Water amounts in cake material (CM) and fresh gel 
were determined following the method described by the AOAC 
[13]. To do so, 3 to 5 g of duplicate samples were dried in an air 
oven at 103ºC for 5 hours. In some cases, samples were dried for 
an additional hour until the variation between two weights was 
a maximum of 5 mg. The following mathematical ratio was used 

2 3

2 1

% 100
 −

=  − 

m mHumidity
m m

m1: mass of empty capsule

m2: mass of capsule+sample

m3: mass of capsule+dry sample

pH: pH was determined in fresh samples as indicated by the AOAC 
(AOAC, 2005), using a Hanna Instruments HI 8424 Microcomputer 
pHmeter. 

Acidity: Acidity was determined by potentiometric titration with 
NaOH 0.1N with a pH of 8.1 ± 0.1 using phenolphthalein as a pH 
indicator as per the AOAC method [13].

In order to determine pH, 10 g of samples were placed in flasks, after 
which water was added to complete 100 mL. Results were expressed as 
percentage of malic acid.

Color: Color was determined using the procedure proposed 
by Loyola [14]. This methodology applied was originally used for 
determining the color of white wine, and measures the transmittance 
of wine at four wavelengths: 445, 495, 550 and 625 nm, to obtain three 
values (X, Y and Z) expressing the proportions of red, green and blue 
to reproduce the wine‟s color. The x and y coordinates were calculated 
to represent color in a chromaticity diagram (CIE).

Antioxidant capacity: Antioxidant capacity was determined 
in triplicate samples, analyzing gel and pressed cake using the 
2,2-diphenyl-1-picrylhydrazyl discoloration assay [15]. The extracts 
were subject to spectrophotometric free radical scavenging at 517 nm 
by residual absorbance (A) of the DPPH radical. A freshly prepared 
DPPH methanol solution (20 mg/l) was used for assays. Samples 
were dissolved in methanol. The degree of discoloration indicates free 
radical scavenging efficiency of samples. Quercetin (Aldrich, Buchs, 
Switzerland) was used as a reference for free radical scavenging. The 
DPPH discoloration percentage was calculated as follows:

Discoloration (%)=(1-Compound with DPPH-Blank sample)/
(DPPH control)×100.

Extracts were assayed at final concentrations of 400, 200, 100, 50, 10 
and 1 µg/ml. EC

50
-DPPH is the concentration of antioxidants produced 

at 50% discoloration. In order to determine EC
50

-DPPH, each tube was 
wrapped with aluminum foil and kept in the dark at 30 °C for 30 min. 
Measurements were made under dim light.

Spectrophotometric determinations were made using a UNICAM 
spectrophotometer, and results are presented as a mean value ± SD 
[15].

Lyophilized gel and cake analyses

Moisture determination: (Dry weight) Samples were dried by 
heating them to 40 °C under normal pressure at constant weight, 
following the method proposed by AOAC [13]. The moisture % was 
calculated based on the difference in sample weight before and after 
dryness.

Proteins: Protein content was determined spectrophotometrically 
by the method proposed by Bradford, [16], using a 1 mg/ml solution of 
bovine seroalbumine as a standard protein. The protein percentage was 
calculated with the following formula [17].
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concentration in the standard curve% 100
concentration in the sample

 
=  
 

Protein

Fiber determination: Total fiber and dietary fiber were determined 
in 2 g of a fat-free sample using the acid- base digestion method, in 
which gel and cake are macerated and placed in a flask, adding 300 mL 
of H

2
SO

4 1.25% w/w. The mixture was heated under reflux for 30 min, 
occasionally rotating the flask. The solution was filtered under reduced 
pressure in a Büchner funnel. The residue was washed 3 times using 
50 mL of boiling water to stop the acidic reaction and returned to the 
flask under reflux, adding 300 mL of 1.25% w/w boiling NaOH. The 
mixture was boiled for 30 min. and filtered again in a Büchner funnel. 
The residue was washed with 25 ml H

2
SO

4, followed by 3 washes with 
50 mL of boiling water and a final wash with 25 mL 95% ethanol. The 
residue was transferred to a crucible for oven drying at 130ºC ± 2ºC 
for two hours and finally incinerated for 30 min. at 600ºC ± 15ºC. The 
results were expressed as per the official method [13].

Ash determination: Ash content was gravimetrically determined 
by heating the samples to 550ºC overnight [13].

Determination of non-nitrogenous compounds

The non-nitrogenous extract consists of all molecules not 
determined by specific analytical methods. Carbohydrates, vitamins 
and non-nitrogenous soluble organic compounds are considered non-
nitrogenous and were quantified by the indirect method as indicated in 
the official guidelines [13].

To do so, the non-nitrogenous extract % was determined by 
subtracting the moisture, fat, fiber, ashes and protein %.

% 100 ( )= − + + + +NNE A B C D E

Where, A=% of moisture; B=% protein; C=% ether extract; D=% 
fiber; E=% of ashes.

Anthraquinones: Anthraquinones were identified by thin layer 
chromatography (TLC) in silica G F250 using aloin as a standard 
[18,19], and determined by mixing 0.5 g of the sample with 2 mL 
methanol. The mixture was heated to 40ºC in a water bath and subjected 
to ultrasound for 15 min. It was then centrifuged for 5 min at 10000 g 
and the supernatant was analyzed by TLC.

Aloin and polysaccharides were also determined in both freeze-
dried gel and cake.

Determination of Aloin percentage: Aloin content was determined 
in triplicate as per the methodology described in ref. [20,21]. The 
absorption spectrum was prepared using spectrophotometric scanning 
of a 10 ppm aqueous aloin solution with maximum absorption at 300 
nm. The absorption curve was drawn from aloin solutions prepared at 
5, 10, 15, 20, 25, 30 and 40 ppm. Aloin was quantified in lyophilized gel, 
in pressed cake and in the leaf epidermis. The standard concentration 
of the solution was 1000 ppm (1mg/1mL distilled water). Before 
determinations, aloin samples were filtered using 1.2 µm mesh glass 
fiber paper.

Polysaccharide determinations: Polysaccharide acemannan 
was quantified using the Congo Red colorimetric assay [22,23]. Its 
determination was based on the interaction of Congo Red with the 
glucomannan (acemannan) of the gel, which creates a permanent, 
red-colored complex with an intensity proportional to the amount 
of acemannan in the sample. For this procedure, the leaf filet was 
macerated and filtered using a cheese cloth in a vacuum to discard solid 

residues arising from cell walls. The macerate was then lyophilized. One 
g of lyophilized gel was dissolved in 200 mL of deionized water and 
agitated for three hours. The solution was filtered in a vacuum using 1.2 
µm mesh glass fiber paper, and then lyophilized and stored in plastic 
tubes at room temperature. In order to prepare the standard calibration 
curve, 1 mg/mL of glucomannan P.A. dissolved in water (AMRO) was 
used as a standard. For measurements, 400 µL of the standard and 
samples were placed in tubes with 500 µL of 50% NaOH and gently 
agitated, adding 100 µL Congo Red 2x 10-4 M. The resulting mixture 
was allowed to stand for 20 minutes before taking a reading at 540 nm.

Chemical-physical properties of the gel and the pressured 
cake

Water retention capacity (WRC): WRC was determined in 0.25 
g of each sample by adding 5mL of 1 M phosphate buffer at pH 6.3 
and leaving it for 24 hrs, after which samples were centrifuged at 15000 
rpm for 15 min. The pellet was dried overnight in an air-oven at 102ºC. 
WRC is expressed as per the ratio shown below 

1 2

2 )(
  −

=
−

P PWRC
P k

k=(P1-P2), a=28 x 10-3 g of phosphate/mL; P1=g of residue before 
dryness; P2=g of dry residue

Swelling (SW): In order to determine the gel’s swelling capacity , 
0.25 to 0.30 g of gel samples were placed in graduated 15 mL conical 
tubes to measure initial gel volume. Ten mL of phosphate buffer was 
added to each tube. Samples were agitated and after 16 hours in the 
buffer, volume was determined again. The difference between the 
original and final volume was recorded. The increase in each sample’s 
volume was expressed as mL of gel per gram of dried sample [1].

Fat adsorption capacity (FAC): FAC is the maximum quantity of 
fat retained by the fiber present in the gel [24,25]. FAC was determined 
by mixing 0.25 g of gel with 30 mL sunflower oil. The mixture was left 
overnight at room temperature, after which it was centrifuged for 10 
min at 15000 rpm, discarding the supernatant. The precipitate was 
weighed and the capacity for fat retention was expressed as g oil/g dry 
weight.

Results and Discussion
Yield and physical and chemical properties

Gel production yield was calculated considering the average weight 
of aloe vera leaves to be 100%. The leaf cortex represented 34.23% of the 
total, while the gel filet was 64.03%, with 1.74% loss due to handling. 
This yield does not differ significantly from previous reports of 35.8% 
cortex, 61.3% gel filet and 2.9% loss [16]. 

The yield from the manual pressing method for gel and cake was 
45.58% and 52.02% of fresh filet, respectively, with 2.4% loss in the 
pressure filter. The percentage yield obtained for fresh gel was less 
compared with other reports in the literature [1,16]. However, the gel 
extraction methodology reported in those publications is different than 
that used here.

The pressure cake yield was greater than that found by [16], who 
reported 13.1% cake production with retention of 4.6% in the pressure 
filter. Lyophilized gel yield was 0.90% while pressed cake yield was 
0.92%, confirming that most gel and cake is water. Water may take two 
forms in plant and animal tissues; “free” and “bound.” Free water is the 
common form of absorbed water and is easily released, while bound 
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water is linked to molecules [26]. In order to establish the amount of 
water present in aloe vera, the moisture percentage in fresh weight was 
determined (Table 1). The results show that the water quantity was 
similar to that described in the literature [1,16,27], between 98.5% and 
99.6%. In fresh filets the moisture percentage was also similar to those 
described, [1,16]; that is, 98% and 98.8%, respectively.

The pH in gel samples is slightly acidic, ranging from 5.0 to 6.5. 
Other results reported are different from ours, with a pH ranging from 
3.5 to 4.7 [16,27]. The results indicate that Aloe vera plants under our 
conditions are able to buffer acidic pH. The pH range found in our 
results is that established by The International Aloe Science Council 
[21]. Other pH values reported in the literature were near 4.27 and 4.57. 
As a CAM plant, leaf pH will vary from day to night, since synthesis 
and accumulation of malic acid occurs at night [28].

Organic acids: In this study, organic acids were quantified by 
titration. Some organic acids found in plants are citric, tartaric and 
malic acids. Since Aloe vera is a CAM plant, most organic acid detected 
is malic acid due to C4-CO

2 assimilation [29,30]. Acidity was similar in 
gel and in pressed cake (pH 5.24 in gel and 5.28 in cake). The relative 
malic acid content detected was 0.07% in gel and 0.08 % in cake. The 
IASC reported values of between 08% and 0.34%. Maintaining internal 
acidic pH in aloe vera is important, since higher pH make hydrocolloids 
(gel) susceptible to microbial contamination.

Color: The color of the fresh gel is a transparent pale yellow, with 
chromaticity coordinates of x=0.333 ± 0.000 and y=0.338 ± 0.000, 
(Table 1). Lyophilized gel and cake color analyses are important for 
commercialization, along with vitamin contents and nutritional values.

Antioxidant properties 

The antioxidant capacity of lyophilized gel (Table 2), as determined 
by the DPPH radical discoloration method was good in comparison 
with other reported results [16]. Our samples indicated greater 
antioxidant capacity in fresh gel than in lyophilized gel. The difference 
between these two types of gels may be explained by higher solubility in 
the fresh gel in (80%) MeOH water alcohol while lyophilized gel could 
not be solubilized in this solvent, and therefore, could not act as an 
antioxidant.

It should be noted that under moderate water restriction the 
superoxide dismutase activity of aloe vera increases, thereby reducing 
oxidative stress. The ascorbate peroxidase activity of aloe vera also 
increases under water and temperature stress [31]. The antioxidant 
capacity of fresh and lyophilized gels was determined at two gel 
concentrations (Table 2).

Proximal analysis

Proximal analysis or “Weend’s model” was used to determine the 
nutritional content of the gel and cake and is shown in Table 3. The 
moisture content of the gel (22.83%) was greater than the moisture 
content of the cake (6.87%). The gel consists mainly of polysaccharides 

that perform the physiological role of retaining water for the plant, 
as Aloe vera is adapted to aridity. The cake contains compressed leaf 
tissue without gel [16] reported 2.65% moisture in the gel, a very low 
value probably due to the storage conditions of the lyophilized gel. For 
example, maintaining the dried gel in flasks containing silica gel in 
paper envelopes to trap moisture will lower the amount of water in the 
gel. In pressed cake, the moisture value was greater than that reported 
by [16], who obtained a moisture value of 4.25%, while in this study the 
moisture value was 6.9%.

The fiber in the cake was 9.4 times that of the gel, even though the 
gel consists of pectin and hemicellulose polysaccharides. However, the 
pressed cake contains other polysaccharides and polymers besides the 
pectins and hemicelluloses present in the gel, such as cellulose, other 
hemicelluloses and lignin, as the cake contains more cell walls than 
the gel. The nature of these polysaccharides remains to be determined. 
Since Aloe vera is a monocot, the hemicellulose of the cell wall could be 
an arabinoxylan polysaccharide [4,32,33]. However, it should be noted 
that the cake could be used as a food thickener or dietary fiber able to 
be included in food. Other authors [1] have described the amount of 
crude fiber in aloe vera released on treatment with acids and alkalis 
under standardized conditions, which underestimate fiber amounts, 
as alkalis and acids dissolve some cell wall polysaccharides such as 
hemicelluloses, cellulose, pectins and lignin polyphenols. Raw fiber has 
little physiological importance in human nutrition [34] due to the low 
amount of associated protein. However, it has other beneficial effects in 
the digestive system; it helps in diabetes, in lowering blood cholesterol 
levels and in preventing colo-rectal cancer.

Protein content (Table 3) was determined using Bradford’s 
colorimetric method [17]. Both the gel and cake contain protein; the 
cakes protein content was 1.54 times greater than that of the gel. Our 
results are similar to others reported using Kjeldahl‟s method [1,16]. 
However, using Bradford‟s method the amount of protein in the cake 
was twice that of the gel: 9.43% versus 4.27% as reported in the literature 
[16]. In any case, the protein content is low both in the gel and the cake 
compared to the polysaccharides present in the gel and cake [34].

Mass loss after incinerating organic residue left after sulfuric acid 
and sodium hydroxide treatments indicates that the cake has high 
fiber content (12.31%) compared with that of the gel (1.38%), because 

Characteristics Fresh gel Pressed cake
Moisture (% fresh weight) 97.84% ± 0.46 98.23% ± 0.66

pH 5.24 ± 0.12 5.28 ± 0.06
Acidity (% malic acid dry weight) 0.07% ± 0.01 0.08% ± 0.02

Color Pale yellow -

The figures are the mean of three independent measurements with ± standard 
deviation.

Table 1: Physical and chemical characteristics of fresh gel and pressed cake.

Gel type Concentration 
(µg/mL)

Discoloration 
(% Inhibition)

Concentration 
(µg/mL)

Discoloration 
(% Inhibition)

Fresh 160 11.61 ± 0.53 680 46.67 ± 0.35
Lyophilized 162 6.45 ± 0.28 678 36.69 ± 1.60

Values shown are the mean of three independent measurements ± standard 
deviation.

Table 2: Antioxidant capacity of fresh and lyophilized gel determined by the 
discoloration of the DPPH radical.

Parameters Fresh gel ( % in fresh weight) Cake (% in dry weight
Moisture 22.83 ± 2.24 6.87 ± 0.88
Proteins 6.11 ± 3.47 9.43 ± 0.64

Ether extract 2.07 ± 0.61 1.61 ± 0.50
Fiber 1.38 ± 1.13 12.31 ± 2.18
Ash 17.20 ± 0.99 13.15 ± 0.78

Non-nitrogenous 
extract 50.41 ± 1.68 56.63 ± 0.99

Analyses were performed for three separate determinations. Values shown are 
mean ± standard deviation.

Table 3: Proximal analysis of lyophilized gel and dehydrated cake.
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the cake is composed of cell walls of parenchyma tissue while the gel 
consists mainly of water-retaining soluble polysaccharides.

Dietary fiber

Determination of dietary fiber (Table 4) using the enzyme-
gravimetric method is based on digesting proteins and carbohydrates 
with enzymes. The remaining product is dietary fiber (DF), after 
subtracting the amounts of ash. Although the total proteins in aloe are 
relatively few, their biological activities are meaningful as shown by their 
many clinical applications, even though their chemical structures are 
unknown [4]. One protein that has been described is carboxypeptidase, 
a 28 KDa or 56 KDa glycoprotein. Carboxypapetidases seem to be 
associated with the development of inflammation [4]. Under moderate 
water restriction, aloe vera also increases sugars and polysaccharides 
such as acemannans and fructans [35]. The molecular structures 
of both types of polysaccharides are associated with many medical, 
cosmetic and nutritional properties [36].

Here, we determined the insoluble and soluble fibers obtained 
after alcohol precipitation [34]. One such soluble fiber molecule was 
acemannan.

DF is essential for normal intestine function. It consists of 
polysaccharides undigested by the small intestine that enter the colon, 
where they are fermented by the colon bacteria. This fermentation 
produces short chain fatty acids, increasing the population of beneficial 
bacteria such as bifid and lactobacilli bacteria and decreasing the 
numbers of dangerous coliform bacteria (prebiotic effect). Insoluble 
fiber moves rapidly in the gastrointestinal tract, increasing fecal 
material, accelerating intestinal transit and delaying glucose absorption. 
In contrast, soluble fiber forms a gel binding water, delaying gastric 
emptying and intestinal transit [37,38].

The results reported in Table 4 show that soluble and insoluble 
fiber is higher in dehydrated cake than in lyophilized cake, which has 
7% less soluble fiber [16] reported 20% more total fiber (92.55% ± 
4.82). However, our results indicate that the cake has a large amount of 
fiber regardless of the methodology used to dehydrate it. These results 
indicate that the cake may be used in the food industry as a valuable 
prebiotic.

Analyses of Functional Hydrocolloids Properties
Functional hydrocolloid properties are directly related with 

polysaccharide composition and structure, and are modified by 
molecular size, porosity, ionic form, pH, temperature, water quantity, 
etc. [35]. Table 5 shows that lyophilized gel has a high capacity for 
water retention, therefore increasing gel volume.

Lyophilized aloe vera gel has a high WRC (25.46 ± 6.15 g water/g 
of lyophilized gel). However, Femenia [1] reported a WRC of 36 g of 
water/g lyophilized gel, indicating a retention 1/3 greater than ours. 
The difference probably occurs because samples were dried under 
different conditions, with a negative influence of high temperatures in 
cake and cortex dehydration [16,38].

Cake WRC was also high, at 20.2 g water per g dry weight, while 

cortex WRC was 18g water per g dry weight. These results confirm that 
Aloe vera is a CAM plant. Both gel and cake are polysaccharide-rich; 
acemannan is the gel‟s main polysaccharide component. Acemannan 
is an acetylated galactoglucomannan with a high capacity for binding 
water using hydrogen bonds. Similarly, the cake contains cell wall 
polysaccharides such as pectins, and probably also glycosylated 
proteins with water retention capacity [39].

Polysaccharides

Aloe vera contains several polysaccharides, in which glucose, 
fructose and mannose are the main monosaccharide components. 
These polysaccharides are acemannan, in which mannose and glucose 
are the main components, and cellulose composed of glucose.

Other important polysaccharides are fructans, consisting of glucose 
and fructose. Acemannan [1] and fructans are the main beneficial 
polysaccharides in aloe vera [35]. In aloe gel, beta-(1,4)-acetyl-
polymannose intercepted with glucose is also known as acemannan, 
which is an acetylated glucomannan. Sometimes, the acemannan also 
contains galactose branches linked to mannose with α-(1,6) glycosidic 
linkage [40,41]. The glucomannan contains 97% water and 0.7% solids. 
However, significant variations were seen in pulp polysaccharide 
species in these early studies. For example, several studies identified 
acemannan as the major polysaccharide in the pulp [42]. Acemannans 
are hemicelluloses [39,42], whereas other studies found a pectic 
substance to be the primary polysaccharide in the absence of mannan 
[42]. The reasons for these discrepancies are not understood, but are 
probably largely due to seasonal change and/or the different geographic 
conditions of Aloe vera crops. In this experiment (Table 6), the values 
for lyophilized gel (expressed as mannans) were 400.0 ± 17.68 and 
4.01% ± 0.18 respectively.

The colorimetric method used for quantifying polysaccharides 
in this study is based on the interaction of the polysaccharide with 
Congo Red to form a permanent molecular complex proportional to 
the sample glucomannan. This method is sensitive to small quantities 
of the polysaccharide. The 1% Congo Red solution in water absorbs 
light at 488 nm, but when Congo Red is combined with glucomannan, 
its absorption is 540 nm. Figure 1 shows the amount of mannan in the 
gel and cake.

The amounts of mannan found in each sample are shown in Figure 
1, where mannan is 40% of the dry gel weight and 61.3% of the dry cake 
weight. This percentage is higher than previously reported figures [16], 
which were 16.3% for lyophilized gel and 18.42 for lyophilized cake. 

Sample Soluble Fiber (% dry 
weight)

Insoluble Fiber 
(% dry weight)

Total Fiber (% 
dry weight)

Dehydrated Cake 17.54 ± 2.11 53.92 ± 7.31 71.46 ± 4.71
Lyophilized Cake 16.58 ± 1.81 48.22 ± 2.64 64.80 ± 2.23

The values are the mean of three independent determinations ± standard deviation

Table 4: Determination of fiber in the lyophilized and dehydrated cake.

Sample
Water retention 

capacity (WRC) (g 
water/g dry

weight)

Swelling (SW) 
(mL water/g dry 

weight)

Fat adsorption 
capacity (FAC) (g 
oil/g dry weight)

Lyophilized gel 25.46 ± 6.15 33.67 ± 4.76 1.83 ± 0.003
Dehydrated cake 20. 02 ± 0.34 9.57 ± 0.12 2.13 ± 0.054

Cortex 18.00 ± 0.60 13.42 ± 0.13 1.50 ± 0.057

Values are the mean of three independent determinations ± standard deviation.

Table 5: Functional properties of lyophilized gel, dehydrated cake and cortex.

Sample Mannans (mg/g dry 
weight) Mannans (% dry weight)

Lyophilized gel 400.0 ± 17.68 4.01 ± 0.18
Lyophilized cake 612.5 ± 26.52 6.13 ± 0.26

The values are the mean of three independent determinations ± standard deviation.

Table 6: Determination of polysaccharides of the lyophilized gel and dehydrated 
cake.
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The mannan content was still higher than in another report from the 
literature [23]; where the authors found it to be only 25%. Therefore, 
plants grown in semi-arid conditions in Chile have a higher mannan 
content.

Aloins

Our results indicate that aloin is present in the lyophilized gel, cake 
and cortex in very small amounts of 0.0228 %, 0.0117% and 0.0525% 
respectively. The higher amount of aloin in the cortex is due to the 
presence of cells adjacent to vascular bundles that synthesize aloin 
[43]. Zambrano et al. [44] Reported that aloin fluctuates from 0% to 
0.107% in pure gel. In our results, aloin was less than 11% of 0.107. 
In the lyophilized cake, aloin was about 50% of that found in the gel 
(approximately 11.4 mg per L of gel) (Table 7). The literature reports 
[27] in the cake, about 50% of the amount of around 0.0058 reported 
in this paper .Aloin is water soluble, and its gel contains more water. 
Therefore, aloin probably contaminates the gel during filet preparation, 
remaining soluble in the gel, as the vascular bundles present in the 
center of the leaf where the gel is produced do not contain aloin-
producing cells. The presence of aloin was further corroborated by thin 
layer chromatography [45].

Aloin was determined in three independent samples of lyophilized 
gel, lyophilized cake and cortex. The values shown are the mean of 
these determinations ± standard deviation.

Mean gel yield was 86.3% of the whole filet, while freeze-dried gel 
corresponds to 0.91% of the volume of the fresh gel. The pressed fresh 
residue (cake) of the filet after gel extraction corresponded to 15.1% of 
the whole filet.

Fresh gel had moisture of 97.8%, a pH of 5.24 and 0.07% acidity 
expressed as malic acid. Water content analysis of the freeze-dried gel 
and dehydrated cake gave moisture values of 2.3% in the gel and 6.9% 
in the cake. Ash content was 17.20% in the gel and13.15% in the cake. 
Total dietary fiber determined in the cake (71.5%) was greater than 
that of the freeze-dried gel (64.8%). Water retention capacity (WRC), 
swelling (SW) and fat adsorption capacity (FAC) were greater in the 
cake than in the gel.

In summary, this paper describes a preliminary chemical 
characterization of Aloe vera (Aloe barbadensis Miller) leaf skin and 
gel, which were analyzed by dissecting entire leaves into filets and 
skin. Today, components of this plant are widely used in medicinal 
applications such as healing wounds, in cosmetics and as nutraceuticals 
(prebiotics). However, the methods by which the plant is processed 
mean that the quality and quantity of the components is variable [40] 
and therefore, depending on the methodology used, final preparations 
may have more or less beneficial properties for human health. Since 
many of the medicinal, cosmetic and nutritional properties of the gel 
and leaf skins depend on the polysaccharides and oligosaccharides 
present as components of the leaf, future studies should determine 
the sugar components and structure of these oligosaccharides and 
polysaccharides.
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Figure 1: Shows the amount of Mannan in the gel and cake.

Sample Aloin (%)
Lyophilized gel 0.0228 ± 0.018

Lyophilized cake 0.0117 ± 0.005
Cortex 0.0525 ± 0.006

Table 7: Aloin quantification.

http://www.sciencedirect.com/science/article/pii/S0144861798001635
http://www.sciencedirect.com/science/article/pii/S0144861798001635
http://www.sciencedirect.com/science/article/pii/S0144861798001635
http://www.sciencedirect.com/science/article/pii/S0926669009001289
http://www.sciencedirect.com/science/article/pii/S0926669009001289
http://www.sciencedirect.com/science/article/pii/S0926669009001289
http://www.sciencedirect.com/science/article/pii/S0378377410001708
http://www.sciencedirect.com/science/article/pii/S0378377410001708
http://www.sciencedirect.com/science/article/pii/S0378377410001708
https://books.google.co.in/books?id=FlcSZQ2nkY4C&pg=PA200&lpg=PA200&dq=New+Perspectives+on+Aloe&source=bl&ots=xyr_VsDhKj&sig=jAOReNeJqVxcGoCKnW02XPZ_L8c&hl=en&sa=X&ved=0CC8Q6AEwA2oVChMIt-PM0v3oxgIVBR-OCh1fxA4K#v=onepage&q=New Perspectives on Aloe&f=false
http://www.sciencedirect.com/science/article/pii/S0308814610014044
http://www.sciencedirect.com/science/article/pii/S0308814610014044
http://www.sciencedirect.com/science/article/pii/S0308814610014044
http://www.sciencedirect.com/science/article/pii/S0308814610014044
http://www.ncbi.nlm.nih.gov/pubmed/17419646
http://www.ncbi.nlm.nih.gov/pubmed/17419646
http://www.ncbi.nlm.nih.gov/pubmed/17419646
http://www.ncbi.nlm.nih.gov/pubmed/10624859
http://www.ncbi.nlm.nih.gov/pubmed/10624859
http://www.ncbi.nlm.nih.gov/pubmed/7703724
http://www.ncbi.nlm.nih.gov/pubmed/7703724
http://www.ncbi.nlm.nih.gov/pubmed/10885091
http://www.ncbi.nlm.nih.gov/pubmed/10885091
http://www.ncbi.nlm.nih.gov/pubmed/17499928
http://www.ncbi.nlm.nih.gov/pubmed/17499928
http://www.ncbi.nlm.nih.gov/pubmed/17499928
http://www.sciencedirect.com/science/article/pii/S0953711206000378
http://www.sciencedirect.com/science/article/pii/S0953711206000378
http://waset.org/publications/9843/formulation-development-and-moiturising-effects-of-a-topical-cream-of-aloe-vera-extract
http://waset.org/publications/9843/formulation-development-and-moiturising-effects-of-a-topical-cream-of-aloe-vera-extract
http://waset.org/publications/9843/formulation-development-and-moiturising-effects-of-a-topical-cream-of-aloe-vera-extract
http://waset.org/publications/9843/formulation-development-and-moiturising-effects-of-a-topical-cream-of-aloe-vera-extract
http://www.aoac.org/imis15_prod/AOAC/Publications/Official_Methods_of_Analysis/AOAC_Member/Pubs/OMA/AOAC_Official_Methods_of_Analysis.aspx?hkey=5142c478-ab50-4856-8939-a7a491756f48
http://www.aoac.org/imis15_prod/AOAC/Publications/Official_Methods_of_Analysis/AOAC_Member/Pubs/OMA/AOAC_Official_Methods_of_Analysis.aspx?hkey=5142c478-ab50-4856-8939-a7a491756f48
http://www.sciencedirect.com/science/article/pii/S0308814608009710
http://www.sciencedirect.com/science/article/pii/S0308814608009710
http://www.sciencedirect.com/science/article/pii/0003269776905273
http://www.sciencedirect.com/science/article/pii/0003269776905273
http://www.sciencedirect.com/science/article/pii/0003269776905273
https://books.google.co.in/books?hl=en&lr=&id=8y2B_61iOhIC&oi=fnd&pg=PA3&dq=Plant+Drug+Analysis&ots=xUXaEh9jGl&sig=1PnsqhgIDFgP256JycFCO87BBRc#v=onepage&q=Plant Drug Analysis&f=false
https://books.google.co.in/books?hl=en&lr=&id=8y2B_61iOhIC&oi=fnd&pg=PA3&dq=Plant+Drug+Analysis&ots=xUXaEh9jGl&sig=1PnsqhgIDFgP256JycFCO87BBRc#v=onepage&q=Plant Drug Analysis&f=false


Citation: Muñoz OM, Leal X, Quitral V, Cardemil L (2015) Extraction, Characterization and Properties of the Gel of Aloe Vera (Aloe barbadensis Miller) 
Cultivated in Chile. Med Aromat Plants 4: 199. doi:10.4172/2167-0412.1000199

Page 7 of 7

Volume 4 • Issue 3 • 1000199
Med Aromat Plants
ISSN: 2167-0412 MAP, an open access journal

19.	Martínez A (2001) Quinones and related compounds. University of Antioquia.
Faculty of Pharmaceutical Chemistry. Medellin. Colombia. 

20.	Zonta F, Bogoni P. Masotti P, Micali G (1995) High-performance liquid 
chromatographic profiles of aloe constituents and determination of aloin in 
beverages with reference to the EEC regulation for flavouring substances. 
Journal of Chromatography 718: 99-106.

21.	International Aloe Science Council Test Methods for Aloe Vera (2005)

22.	Polysaccharide. Patent US/5.512.488.

23.	Eberendu A, Luta G, Edwards J, McAnalley B , Davis B (2005) Quantitative 
Colorimetric Analysis of Aloe Polysaccharides as a Measure of Aloe Vera. 
Quality in Commercial Products. Journal of AOAC International 88: 684-691.

24.	Femenia A, Lefebvre A, Thebaudin J, Robertson J, Bourgeois C (1997) Physical 
and Sensory Properties of Model Foods Supplemented with Cauliflower Fiber.
Journal of Food Science. 62: 635-639

25.	Caprez A, Arrigoni E, Amado R, Neukom H (1986) Influence of Different 
Types of Thermal Treatment on the Chemical Composition and Physical 
Properties of Wheat Bran. Journal of Cereal Science 4: 233-239.

26.  Hart FL (1991) Modern Analysis of food; Acribia. Zaragoza. Spain.

27.	Danhof Ivan E (2000) Aloe Vera. The Whole Leaf Advantage. 

28.	Borland AM, Griffiths H, Hartwell J, Smith JA (2009) Exploiting the 
potential of plants with crassulacean acid metabolism for bioenergy production 
on marginal lands. Journal of Experimental Botany 60: 2879-2896.

29.	Borland AM and Taybi T (2004) Synchronization of metabolic processes in 
plants with Crassulacean acid metabolism. Journal of Experimental Botany 55: 
1255-1265.

30.	Ceusters J, Borland AM (2011) Impacts of elevated CO2 on the growth and 
physiology of plants with crassulacean acid metabolism. Prog in Bot 72: 163-
181.

31.	Ramírez I, Estay D, Stange C,  Cardemil L (2012) Superoxide dismutase 
seems to be a critical enzyme to alleviate oxidative stress in Aloe barbadensis 
Miller (Aloe vera) plants subjected to water deficit. Plant Ecology and Diversity 
5: 1-13.

32.	García CG, Suarez MR, Romero HT (2001) Why fiber is recommended in the 
diet? Magazine Metropolitan Hospital 1: 98-99

33.	Elleuch M, Bedigian D, Roiseux O, Besbes S, Blecker Ch, et al. (2011).
Dietary fibre and fibre-rich by-products of food processing: Characterisation. 
Technological functionality and commercial applications: Food Chemistry 124:
411-421.

34.	Pak N Production and data management chemical composition of foods

35.	Salinas C (2012) Characterization of fructans in Aloe barbadensis Miller leaves 
under water stress. PhD thesis Faculty of Science, University of Chile.

36.	Roberfroid MB (2007) Inulin-type fructans: functional food ingredients. Journal 
of Nutrition 137: 2493S-2502S.

37.	Le Leu RK, Hu Y, Brown IL, Woodman RI, Young GP (2010) Symbiotic 
intervention of Bifidobacterium lactis and resistant starch protects against 
colorectal cancer development in rats. Carcinogenesis 31: 246-251.

38.	Saenz C, Escobar B, Estevez AM, Hurtado L, Sepulveda E.(2003). Preliminary 
studies of functional properties of hydrocolloids extracted from plants áridas.
Congreso CIBA IV pp206 areas. 5-8 Octubre. Valparaiso. Chile

39.	Keegstra K (2010) Plant Cell Walls. Plant Physiology 154: 483-486

40.	Ni Y, Turner D, Yates KM, Tizard I (2004) Isolation and characterization 
of structural components of Aloe vera L. leaf pulp. International 
Immunopharmacology 4: 1745-1755.

41.	Xu CL, Pranovich A, Hemming J, Holmbom B, Albrecht S, et al. (2009)
Hydrolytic stability of water-soluble spruce O-acetyl galactoglucomannans. 
Holzforschung 63: 61-68.

42.	Vega A, Nevenka G, Ampuero C, Díaz LN, Lemus RM (2005) El Aloe vera 
(Aloe barbadensis Miller) as a component of functional OOD Rev. chil. Nutr 
32: 208-214.

43.	Lu J, Delworth TL (2005) Oceanic forcing of the late 20th century Sahel drought. 
Geophysical Research Letters 32: 1-5.

44.	Zambrano HP (2005) Preliminary Market Profile aloe (Aloe vera) in Falcon, 
Venezuela. Bioagro 17: 1-12.

45.	Salinas C, Cardemil L, Quezada MP, Gotteland M ( 2013) Method for
producing branched fructans and/or acemananos from Aloe vera under
water stress and food composition comprising said molecules. ENAPI patent
application 2014-2113.

https://books.google.co.in/books?hl=en&lr=&id=8y2B_61iOhIC&oi=fnd&pg=PA3&dq=Plant+Drug+Analysis&ots=xUXaEgeoBf&sig=BDLGAP3K4vm3xux5C_Vh1Mh_m3k#v=onepage&q=Plant Drug Analysis&f=false
https://books.google.co.in/books?hl=en&lr=&id=8y2B_61iOhIC&oi=fnd&pg=PA3&dq=Plant+Drug+Analysis&ots=xUXaEgeoBf&sig=BDLGAP3K4vm3xux5C_Vh1Mh_m3k#v=onepage&q=Plant Drug Analysis&f=false
https://books.google.co.in/books?hl=en&lr=&id=8y2B_61iOhIC&oi=fnd&pg=PA3&dq=Plant+Drug+Analysis&ots=xUXaEgeoBf&sig=BDLGAP3K4vm3xux5C_Vh1Mh_m3k#v=onepage&q=Plant Drug Analysis&f=false
https://books.google.co.in/books?hl=en&lr=&id=8y2B_61iOhIC&oi=fnd&pg=PA3&dq=Plant+Drug+Analysis&ots=xUXaEgeoBf&sig=BDLGAP3K4vm3xux5C_Vh1Mh_m3k#v=onepage&q=Plant Drug Analysis&f=false
http://www.conaloe.com/
http://www.conaloe.com/
http://www.freepatentsonline.com/
http://www.freepatentsonline.com/
http://www.ncbi.nlm.nih.gov/pubmed/16001840
http://www.ncbi.nlm.nih.gov/pubmed/16001840
http://www.ncbi.nlm.nih.gov/pubmed/16001840
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1997.tb15426.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1997.tb15426.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1997.tb15426.x/abstract
http://www.sciencedirect.com/science/article/pii/S073352108680025X
http://www.sciencedirect.com/science/article/pii/S073352108680025X
http://www.sciencedirect.com/science/article/pii/S073352108680025X
http://www.worldcat.org/title/analisis-moderno-de-los-alimentos/oclc/37138171/editions?referer=di&editionsView=true
http://wholeleaf.com/aloeverainfo/wholeleafadvantage.htmlhttp:/wholeleaf.com/aloeverainfo/wholeleafadvantage.html
http://www.sciencedirect.com/science/article/pii/S073352108680025X
http://www.sciencedirect.com/science/article/pii/S073352108680025X
http://www.sciencedirect.com/science/article/pii/S073352108680025X
http://www.ncbi.nlm.nih.gov/pubmed/15073222
http://www.ncbi.nlm.nih.gov/pubmed/15073222
http://www.ncbi.nlm.nih.gov/pubmed/15073222
http://link.springer.com/chapter/10.1007/978-3-642-13145-5_6#page-1
http://link.springer.com/chapter/10.1007/978-3-642-13145-5_6#page-1
http://link.springer.com/chapter/10.1007/978-3-642-13145-5_6#page-1
http://www.researchgate.net/profile/Jose_Delatorre-Herrera2/citations
http://www.researchgate.net/profile/Jose_Delatorre-Herrera2/citations
http://www.researchgate.net/profile/Jose_Delatorre-Herrera2/citations
http://www.researchgate.net/profile/Jose_Delatorre-Herrera2/citations
http://www.sciencedirect.com/science/article/pii/S0308814610007880
http://www.sciencedirect.com/science/article/pii/S0308814610007880
http://www.sciencedirect.com/science/article/pii/S0308814610007880
http://www.sciencedirect.com/science/article/pii/S0308814610007880
Capitulo16.http://www.fao.org/docrep/010/ah833s/AH833S00.htm#Contents
http://www.sciencedirect.com/science/article/pii/S0378377410001708
http://www.sciencedirect.com/science/article/pii/S0378377410001708
http://www.ncbi.nlm.nih.gov/pubmed/17951492
http://www.ncbi.nlm.nih.gov/pubmed/17951492
http://www.ncbi.nlm.nih.gov/pubmed/19696163
http://www.ncbi.nlm.nih.gov/pubmed/19696163
http://www.ncbi.nlm.nih.gov/pubmed/19696163
38.%09Saenz C, Escobar B, Estevez AM, Hurtado L, Sepulveda E.(2003). Preliminary studies of functional properties of hydrocolloids extracted from plants �ridas. Congreso CIBA IV pp206 areas. 5-8 Octubre. Valparaiso. Chile
38.%09Saenz C, Escobar B, Estevez AM, Hurtado L, Sepulveda E.(2003). Preliminary studies of functional properties of hydrocolloids extracted from plants �ridas. Congreso CIBA IV pp206 areas. 5-8 Octubre. Valparaiso. Chile
38.%09Saenz C, Escobar B, Estevez AM, Hurtado L, Sepulveda E.(2003). Preliminary studies of functional properties of hydrocolloids extracted from plants �ridas. Congreso CIBA IV pp206 areas. 5-8 Octubre. Valparaiso. Chile
http://www.plantphysiol.org/content/154/2/483.full
http://www.sciencedirect.com/science/article/pii/S1567576904002218
http://www.sciencedirect.com/science/article/pii/S1567576904002218
http://www.sciencedirect.com/science/article/pii/S1567576904002218
http://www.degruyter.com/view/j/hfsg.2009.63.issue-1/hf.2009.021/hf.2009.021.xml
http://www.degruyter.com/view/j/hfsg.2009.63.issue-1/hf.2009.021/hf.2009.021.xml
http://www.degruyter.com/view/j/hfsg.2009.63.issue-1/hf.2009.021/hf.2009.021.xml
http://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0717-75182005000300005
http://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0717-75182005000300005
http://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0717-75182005000300005
http://onlinelibrary.wiley.com/doi/10.1029/2005GL023316/abstract
http://onlinelibrary.wiley.com/doi/10.1029/2005GL023316/abstract
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CB4QFjAAahUKEwiXgubHw-vGAhVGe6YKHbVtAww&url=http%3A%2F%2Fwww.scielo.org.ve%2Fpdf%2Frfaz%2Fv25n2%2Fart10.pdf&ei=ft2tVZfLFsb2mQW1241g&usg=AFQjCNEz7H8Cga2W9JIKF2m_ukUzqDrtwA&bvm=bv.98197061,d.dGY&cad=rja
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CB4QFjAAahUKEwiXgubHw-vGAhVGe6YKHbVtAww&url=http%3A%2F%2Fwww.scielo.org.ve%2Fpdf%2Frfaz%2Fv25n2%2Fart10.pdf&ei=ft2tVZfLFsb2mQW1241g&usg=AFQjCNEz7H8Cga2W9JIKF2m_ukUzqDrtwA&bvm=bv.98197061,d.dGY&cad=rja

	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction 
	Materials and Methods 
	Plant material and tissue separation 
	Dehydration 
	General experimental procedures 
	Analytical methods gel and cake analyses 
	Determination of non-nitrogenous compounds 
	Chemical-physical properties of the gel and the pressured cake 

	Results and Discussion 
	Yield and physical and chemical properties 
	Antioxidant properties  
	Proximal analysis 
	Dietary fiber 

	Analyses of Functional Hydrocolloids Properties 
	Polysaccharides 
	Aloins 

	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6
	Figure 1
	Table 7
	References

