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ABSTRACT

This RESEARCH ARTICLE exposes a possible application of the nopal gum (Opuntia ficus)
variety as an additive to promote the durability of adobes, which may be used in the
conservation of architectural heritage. This research was carried out in the Labo-
ratory on Cubic Soil Specimens. While preparing the mixtures, different concen-
trations of previously dehydrated and powdered nopal gum were added. Through
moisture retention, capillarity and compressive strength analysis, the samples were
evaluated, and the results found—also discussed here—show that adding nopal
gum increases the compression strength of soil specimens and reduces capillarity.
In fact, it was possible to maintain the cohesion of the particles in the soil samples
during their exposure to humid environments. Having obtained such aptitude in the
properties of said specimens makes this substance viable for its use in the conser-

vation of adobe buildings.
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INTRODUCTION

ince the beginning of time, human beings have used the

resources available in nature to satisfy their basic needs.

First, due to hunting and gathering patterns, humans were
nomadic, so they required temporary shelters, such as caves and
caverns, to take refuge (Bardou & Arzoumanian, 1979, p. 23). Later,
with the implantation of sedentary life, the need arose to create
new construction systems, in some of which adobe has been one
of the most predominant materials ever since. It is mainly made
up of a mixture of soil (sail, slit, clay), water and some materials
as additives; it may also contain reinforcing materials, such as
vegetable fibers.

In Mexico, there are examples of very significant pre-Hispanic
settlements. In the arid region, in the state of Chihuahua, the city
of Paquimé stands out, whose heyday occurred between the 14"
and 15" centuries. It is recognized for its constructions with thick
adobe walls within a labyrinthine urban layout (unesco, 1998). Even
though in the tropical area of Mexico the average annual rainfall is
high, and the north winds hit the coast strongly, the use of adobe as
a construction material is present in at least 132 archaeological sites
in the center-south of Veracruz (Daneels & Guerrero, 2013, p. 35).

One of the most significant problems in buildings erected with
adobe—whether due to intrinsic or extrinsic causes—is the lack of
solidity of the materials. Currently, the concern to preserve or re-
store all the vestiges left by ancestral cultures results in a series
of proposals or alternatives, such as consolidating materials that
seek superficial cohesion of their particles; binding materials
that allow maintaining a homogeneous union of the adobe particles
or, even, a partial replacement of the adobe pieces with materials/
parts very similar to the original (Figure 1).

In construction systems, additives are generally referred to as
products of natural or synthetic origin that, added in small amounts
before or during the mixing process, can improve the workabil-
ity, compressive strength and durability of structures in extreme
weather conditions. Throughout history, additives have varied and,
therefore, the techniques for using them have never been static.
Thus, they have been used with different properties, as stabilizers,
consolidators, adhesives, binders, etc. (Veiga, 2017, p. 136; Ventola
et al., 2011, p. 3315). Humans have always resorted to the use of
materials in their environment, such as use of vegetable gums, tree
resins, honey (Barba & Villasefior, 2013, p. 106), rice starch (Pa-
checo, 2014, p. 154), extracts of mallow leaves and stems (Pinta,
2022, p. 8).
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FIGURE 1. Remnants
of a wall with earth-
based flattening in
the La Quemada
archaeological

zone, Zacatecas
(Picture: Josué Israel
Moreno Fraga, 2020;
courtesy: Centro INAH
Zacatecas).
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Some of the main advantages of using natural plant-based ma-
terials are their biodegradable qualities (the ability to break down
biologically into natural elements without harming the environ-
ment), their non-toxicity, their low cost, their quality of renewable
resources, their local availability, etc. (Jani et al., 2009, p. 309).

Currently, the restoration processes in elements of archaeologi-
cal zones and colonial buildings in Mexico use additives in adobes
to improve their properties. The use of these materials must com-
ply with the general institutional guidelines for conserving cultural
heritage established by the Instituto Nacional de Antropologia e
Historia (naH, 2014).

Mucilage and gum are products of physiological origin from the
cactus of the genus Opuntia, commonly called nopal. The first of
metabolic origin, is formed inside the cell and is produced without
damaging the plant, while the second is considered a pathological
product, formed after the plant has suffered damage due to unfa-
vorable conditions, such as drought or due to a rupture of the cell
walls (extracellular formation; gummosis), which causes the break-
down of cellulose (Prajapati et al., 2013, p. 1686). On the other
hand, the insect called nopal borer weevil (Cactophagus spinolae)
is considered a pest that attacks the body of the plant and can also
cause the development of gum, which in no case is reabsorbed by
plant tissues (Lobos et al., 2013, p. 151).

Mucilages and gums have some similarities: they are hydrocol-
loid, amorphous, translucent substances and contain monosac-
charides, many of which combine with uronic acids. Both also
contain hydrophilic molecules, which can combine with water to
form viscous solutions or gels (Jani et al., 2009, p. 309).
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Nopal mucilage is made up of high molecular weight heteropoly-
saccharides (D-galactose, L-arabinose, L-rhamnose and D-xylose),
with colloidal properties, which swell and dissolve exclusively in hot
water. Mucilage gum is insoluble in organic solvents, alcohols, and
ether, and when hydrolyzed it breaks down into certain complex
organic acids, as well as pentoses and hexoses (Medina-Torres et
al., 2000, p. 419).

Recent research has focused on explaining the behavior of nopal
mucilage in construction systems. Rodriguez-Navarro et al. (2017)
and Pérez et al. (2015) studied the incorporation of this substance
in the formulation of lime mortars and found an improvement in the
plasticity of the pastes and good behavior against the erosion of
said mortars.

Perez et al. (2021) added nopal pectin to lime mortars, improving
the plasticity of the mass and reducing cracking and capillary ab-
sorption during drying, in addition to obtaining an increase in me-
chanical resistance. Jaidar (2006) used vegetable extracts in lime
mortars and found that applying the additive after hydrating the
lime is more effective, since capillary absorption and permeability
to water vapor are reduced. Examples of carried out research on
adobes are: Guillen et al. (2019) added nopal mucilage to soil-wa-
ter-cellulose mixtures, which observed good mechanical behavior
and reduced moisture absorption; Medina et al. (2015) used veg-
etable gums in adobe and, as a result, the permeability to water
vapor was reduced and the abrasion resistance increased; before
applying nopal mucilage in eroded adobes, Martinez-Camacho et
al. (2008) used an alcohol/water solution that reduced surface
tension and improved mucilage diffusion in adobe; and Torres et
al. (2015) sprayed this substance on adobe surfaces, managing to
stabilize the friable surface.

Even though there are several works found on nopal mucilage
as an additive in construction systems—and, specifically, in the ar-
chitectural heritage of adobe—it is important to expand knowledge
based on the application of nopal gum, since it is believed to have
a chemical composition very similar to nopal mucilage.

The purpose of this work is to carry out an analysis of the
physicochemical properties of nopal gum and, by evaluating the
mechanical resistance of its behavior as an additive at different
concentrations in specimens of compressed raw earth, in order
to establish a standardized and systematized methodology that
serves as a reference for its possible use in processes of architec-
tural conservation of adobe and other construction systems.
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FIGURE 2. Opuntia
ficus indica nopal
gum harvesting
process (Picture:
Josué Israel Moreno
Fraga, 2020).
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METHODOLOGY

This section presents the materials, the preparation of compressed
raw earth specimens and the analysis technigues used in this re-
search.

Materials

Earth (soil, silt, clay)

In the elaboration of the soil specimens, soil from San Luis Potosi,
Mexico was used. To know its plasticity, the Atterberg limits were
determined (a measurement that defines the consistency of sail
in relation to its water content) according to the ASTM D4318-05
(2005) Standard the following values were found: 29 for the lig-
uid limit (LL), 15 for the plastic limit (LP) and 14 for the plasticity
limit (IP), which indicated that it corresponds to an inorganic soil
with low plasticity and is usable as a construction material (MMP-
102 /03, 2003). The particle size of the soil was below 0.8 mm,
as determined by the standards ASTM C136-01 (2017) and ASTM
C117-95 (1995).

The optimum moisture content for the correct compaction of the
soil was carried out using the Proctor test, in accordance with the
ASTM D698-12 (2021) Standard, and an optimum moisture value
of 16.6%0 was obtained, with a density of 1.9 g/ cm3. Based on all
these results, the mix of soil samples required for the study was
designed.

Nopal gum
Opuntia ficus indica nopal gum was collected in the municipality of
Armadillos de los Infante, San Luis Potosi, Mexico (Figure 2).
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Superficial cleaning of the gum was done, eliminating cladode
residues. Subsequently, the gum was dehydrated through a
drying process in a Felissa® brand oven, at a temperature of 100
°C, until reaching a constant weight. The dried gum was crushed
and ground in an agate mortar until a fine homogeneous powder
was obtained. Figure 3a shows the nopal gum extracted from the
cladode, and Figure 3b shows its powder obtained after the drying
process. The powdered gum was placed in an airtight container and
then placed in a desiccator to prevent the absorption of moisture
from the environment. For the identification of the functional
groups present in the gum, an analysis of Fourier-Transform
Infrared Spectroscopy (FTIR) was carried out in the Nicolet™
iIS™ 10 equipment from Thermo Scientific, in the Laboratory of
Environmental Sciences of the Faculty of Engineering of the
Universidad Auténoma de San Luis Potosi (uasLp). Obtaining a
completely dehydrated powdered gum allows you to accurately
prepare solutions at different concentrations.

FIGURE 3a. Natural state of the gum of Opuntia ficus indica. 3b. Gum powder obtained after the
drying process (Picture: Josué Israel Moreno Fraga, 2020).

The preparation of solutions was carried out through a process
of hydrating the gum powder by dissolving it in water at a 90 °C
temperature, maintaining constant stirring for six hours to ensure
its complete dissolution (Figure 4), with which the nopal gum was
rehydrated, guaranteeing the dissolution of the sugars in the aque-
ous medium and obtaining a solution with the characteristics and
physicochemical properties of a fresh gum, in its natural state.
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FIGURE 4. Hydration
process of Opuntia
ficus indica nopal
gum powder (Picture:
Josué Israel Moreno
Fraga, 2020).
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Three solutions were prepared, with 6%, 9% and 12% by
weight of nopal gum. The pH of each of them for the preparation
of the soil specimens was determined with a Hanna® potentiometer
calibrated with buffer solutions of pH 4 and 7, at a temperature of
25 °C.

Preparation of soil specimens

Cubic soil specimens—with dimensions of 5 x 5 x 5 cm—were made
without and with additions of 1%, 1.5%0 and 2% of nopal gum, and
16.6 % of water with respect to the weight of the soil, according
to the ASTM D698-12 (2021) Standard. The percentages of gum
used are equivalent to 6%, 9% and 12% by weight with respect
to the water content of the specimen without the addition of nopal
gum, which will be taken as the reference specimen. Previously,
the nopal gum was dissolved in the amount of water required for
the mixture, at 90 °C, with constant stirring for six hours. After 24
hours, the specimens were demolded and went through a drying
(curing) time of 28 days at room temperature.

Evaluation of physical properties of soil specimens

The weight loss during the drying process of the specimens with
additions of nopal gum was evaluated by measuring differences in
the weight of the specimens with respect to time until reaching a
constant weight, carried out under laboratory conditions (ambient
temperature of 25 °C and 50% relative humidity). The capillarity
index of the soil specimens was determined in accordance with
the UNE-EN-772-11 (2011) Standard; its compressive strength was
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determined after 28 days of drying (curing) in a Shimadzu UH-600
kNI (60 Tons) universal machine from the Construction Materials
Laboratory of the Faculty of Engineering of the uasLp, at a speed of
1.5 kg/cm?. The tests for the adobe specimens were carried out in
triplicate, with different concentrations of gum.

The preparation and characterization of samples, as well as all
the tests—except for those that have already been indicated in the
text—were carried out in the Chemical Processes Laboratory of the
Facultad del Habitat of the uasLp.

RESEARCH FINDINGS
Below is a brief description of the results obtained, including a dis-
cussion of each of them.

Chemical composition of nopal gum

Figure 5 shows the FTIR spectrum of nopal gum, where the charac-
teristic bands of the functional groups present can be seen: those
located between 3 470 and 3130 cm™" correspond to the vibration
of the hydroxyl groups (-OH), this vibrations are attributed to the
hydrogen bond present in alcohols and carboxylic acid; the posi-
tion at 2 929 cmis attributed to stretching of ~-CH bonds; present
in the pyranose and in the glycoside ~-COCH,, (Gheribi et al., 2018,
p. 208). The bands located at 1730 cm™ and 1 620 cm™" are as-
sociated with the carbonyl group (C=0), and the band at 1425
cm™ is related to the symmetric vibration of the group (COO-),
present in the gum structure, functional groups attributed to the
presence of monosaccharides and acid residues. Finally, the bands
between 900 and 1200 cm™ are attributed to the region known as
the polysaccharide footprint (Razavi et al., 2014, p. 460).

The presence of these functional groups in nopal gum corrobo-
rates that its chemical composition is based mainly on sugars com-
posed of monosaccharides—which may be very similar or equal to
those reported in nopal mucilage—, such as galactose, arabinose,
xylose, rhamnose of different structure (Figure 6), mentioned in the
previous paragraph. It is important to mention that there is little in-
formation about the chemical composition of nopal gum. However,
given its origin, it is very likely that its composition is very similar to
that of nopal mucilage.

The pH of the aqueous phase of the soil specimens registered
values of approximately 3.5, placing them at an acidic pH, that is,
slightly more acidic than those found in previous works when using
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FIGURE 5. Infrared
spectrum of Opuntia
ficus indica nopal
gum (Scheme: Juana
Maria Miranda,

2021; courtesy

of Laboratory of
Environmental
Sciences-Faculty of

Engineering uasLP).

FIGURE 6.
Structures of the
monosaccharides
present in the cactus
gum Opuntia ficus
indica (Scheme:
Juana Maria Miranda,
2021; courtesy:
Facultad del Habitat

UASLP).
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nopal mucilage (Torres et al., 2015, p. 102). The acid character of
the gums can present some small variations due to factors such
as the degree of maturity of the nopal, soil conditions, the use of
fertilizers, climate, humidity, etc. (Nazarene, 2013, p. 96).

Physical behavior of ground specimens

Figure 7 shows the weight loss during the drying process of the
s0il specimens without and with nopal gum. Note that, on the third
day of drying, the moisture loss in the reference specimen is 9%,
while the soil specimens with nopal gum lost approximately 6.5%.
At six days, the gum soil specimens experienced a moisture loss
between 8% and 10%. It is worth mentioning that the specimen
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FIGURE 7. Weight
variation of soil
specimens with

nopal gum at 1%,

1.5% and 2% by

weight (Scheme: Lilia
Narvaez Hernandez,
2021; courtesy:
Facultad del Habitat

UASLP).
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that has a higher percentage of gum (2%) presents the lowest
value of moisture loss, while the reference specimen showed a
loss of 12%. After 10 days of the test, the gum specimens lose
between 10% and 12% of humidity, while the reference specimen
reaches a loss of 14.5%. These differences between the reference
specimens and those with gum continue for up to 14 days, when
the losses tend to be constant. This behavior can be attributed to
the chemical composition of the gum, since, being a high molecular
weight polymer, it creates internal gel networks in which water is
retained and, therefore, its transport to the outside is reduced
(Khachatoorian et al., 2003, p. 20). This slight moisture retention,
favored by the nopal gum present in the specimens, slows down
the drying process in the first few days, which could lead to less
crack formation during this process. In addition, it increases the
plasticity of the paste, facilitating the application in the form of
layers during the processes of replacing missing parts, finishing
the surface, adding fillers, etc.
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In Figure 8, with the capillarity indices obtained in the speci-
mens without and with additions of gum, it is observed that the
variations of these indices of the three specimens added with gum
(1%, 1.5%0, and 2% by weight) are less compared to the reference
specimen. Although the difference is minimal, a slight decrease in
the capillarity index is noticeable when gum content is higher.
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FIGURE 8. Capillarity
index of soil
specimens with and
without nopal gum
additions of 1%,
1.5% and 2% at

28 days of curing
(Scheme: Lilia
Narvaez Hernandez,
2021; courtesy:
Facultad del Habitat

UASLP).

FIGURE 9. Surface
appearance of soil
specimens with

2% nopal gum
after the capillarity
test (Picture: Josué
Israel Moreno Fraga,
2020).
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Thehydrogels presentinthe soil specimensdue to the presence of
nopal gum exhibit a vitreous structure during the first seven days
of drying and, therefore, provide the necessary resistance against
the entry of moisture caused by capillary action, which generates a
decrease in water absorption and, consequently, a reduction in the
capillarity index (Muguda et al., 2017, p. 312).

Figure 9 shows the soil specimens with 2% nopal gum during
the capillarity test. It can be observed that the degree of water
absorption is very similar in the three specimens tested at this con-
centration, after being exposed to water for 10 minutes. It should be
noted that the moist section of the specimen is intact and did not
suffer soil losses during the test, which proves the effectiveness of
nopal gum to maintain cohesion between soil particles when they
are exposed to an aggressive wet environment (Lemboye et al,,
2021, p. 2).
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FIGURE 10.
Compressive
strength of soil
specimens with

and without nopal
gum at 28 days of
curing (Scheme: Lilia
Narvaez Hernandez,
2021; courtesy:
Facultad del Habitat

UASLP).
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Figure 10 shows the results obtained from the compressive
strength test of the specimens without and with additions of nopal
gum after 28 days of drying (curing). An increase in compressive
strength is observed as the nopal gum content increases with per-
centages of 12.5% with 1% gum, 20% with 1.5% gum and 25%
with 2% gum, compared to the resistance of the reference speci-
men. As can be seen, the soil specimens added with 2% by weight
of gum showed the highest compressive strength values, which
indicates that the greater the amount of gum in the soil mixture,
the mechanical properties are more favorable. The presence of the
polysaccharides contained in the Opuntia ficus nopal gum in the soil
mixtures induces adhesion between the soil particles, as previously
mentioned in Figure 7. The slow decrease in moisture loss from soil
specimens, in addition to supporting workability, causes slow drying,
which prevents abrupt moisture loss and promotes adequate cohe-
sion of the materials. Chang et al. (2016) mention that the presence
of gums helps the agglomeration between the soil particles through
an induced cohesion derived from the presence of the hydrogel,
which varies with the humidity conditions of the mixture.
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CONCLUSIONS OF THE CARRIED OUT STUDY

The process of obtaining and drying the nopal gum was efficient
and adequate, since it was possible to obtain a dry powdered gum
without modifying its physicochemical properties. This allowed the
gum to be preserved and facilitated its use as an additive for long
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periods (six months). In addition, the powdered gum rehydration
process was viable and effective for its use in the solution.

The chemical composition of the nopal gum based on the FTir
analysis allowed the establishment of the presence of functional
groups belonging to the monosaccharides, which form the chains
of the biopolymers present in the nopal gum, to which the physic-
ochemical characteristics of nopal are attributed. Although the
functional groups are very similar to those present in nopal muci-
lage, it is required to use other types of analytical techniques, such
as chromatography, nuclear magnetic resonance, and mass spec-
trometry, which allow specifying the type of saccharides present.
There are reports of chemical analyzes regarding mucilage and
nopal slime, yet there is still no information on nopal gum (patho-
logical product generated by the “borer weevil”).

The effect of nopal gum on soil specimens favored slower drying;
the higher the gum content in the samples, the longer the moisture
is retained. This phenomenon is favorable, since it promotes less
cracking in the soil specimen, greater cohesion between the soil
particles, and a better surface appearance.

The presence of nopal gum in the soil samples showed a de-
crease in the capillarity index; at higher gum content, the lower
the capillarity index and, therefore, there is a lower moisture ab-
sorption of the samples studied. The presence of the gum led, as
the percentage of gum increased, to less disintegration of the soil
particles during the test.

The compressive strength tests of the soil specimens with no-
pal gum also showed a better performance; as the nopal gum in-
creases in the specimen, the compressive strength is higher.

The different experimental analyzes carried out in the laboratory
show that nopal gum is a material mainly based on polysaccha-
rides, with the ability to bind and consolidate the soil present in the
specimens without altering its physical appearance and pH. while
also giving them firmness and solidity, which directly affects their
mechanical physical behavior.

Nopal gum has the following characteristics: good penetration
into soil specimens, non-toxicity, simple handling, environmental
friendliness, with no formation of superficial plastic films and no
crystallization. It also has good reversibility, since, if it is required to
be removed or eliminated, it dissolves easily at temperatures above
90 °C. Such characteristics make this material a viable option to be
used as a consolidating additive in adobe construction systems.

Future research could focus on carrying out studies on the shelf
life of dehydrated and pulverized gum, as well as on evaluating
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both the influence of nopal gum on the dimensional changes of soil
specimens and their mechanical behavior, using higher concentra-
tions of nopal gum and longer curing times.

REFERENCES

ASTM C117-95. (1995). “Standard Test Method for Materials Finer than
75-um (No. 200) Sieve in Mineral Aggregates by Washing” American So-
ciety for Testing and Materials, asTv International.

ASTM C136-01. (2017). “Método de Ensayo Normalizado para determinar
el Andlisis Granulométrico de los Aridos Finos y Gruesos” American Soci-
ety for Testing and Materials, aAsTm International.

ASTM D4318-05. (2005). “Standard Test Methods for Liquid limit, Plastic
Limit, and Plasticity index of Soils” American Society for Testing and Ma-
terials, Astm International.

ASTM D698-12. (2021). “Standard Test Method for Laboratory Compac-
tion Characteristics of Soil Using Standard Effort (12,400 ft-Ibt/ft> (600

kN-m/m?))”. American Society for Testing and Materials, AsT™ International.

Barba, L., & Villasefior, I. (2013). La cal. Historia, propiedades y usos. Uni-
versidad Nacional Auténoma de México/Instituto de Investigaciones An-
tropoldgicas.

Bardou, P.,, & Arzoumanian, V. (1979). Arquitecturas de adobe. Gustavo Gili.

Chang, I., Im, J., & Cho, G-C. (2016). Geotechnical engineering behaviors
of gellan gum biopolymer treated sand. Can Geotech J, 53(10), 1658-
1670. doi: https://doi.org/10.1139/cgj-2015-0475

Daneels, A., & Guerrero, L. (2013). La Joya, Veracruz, un sitio prehispanico
construido con tierra: sistemas constructivos y pruebas de preservacién
en trépico hiumedo. Intervencién. Revista internacional de conservacion,
restauracion y museologia, 3(6), 34-43. doi: https://doi.org/10.30763/In-
tervencion.2012.6.72

Gheribi, R., Puchot, L., Verge, P, Jaoued-Grayaa, N., Mezni, M., Habi-
bi, Y., & Khwaldia, K. (June 15, 2018). Development of plasticized edible
films from Opuntia ficus-indica mucilage: A comparative study of various
polyol plasticizers. Carbohydrate Polymers 190, 204-211. doi: https://doi.
org/10.1016/j.carbpol.2018.02.085

Initial Assessment of the Properties of Nopal Gum as a Possible Additive...

<

194


https://doi.org/10.1139/cgj-2015-0475
https://doi.org/10.30763/Intervencion.2012.6.72
https://doi.org/10.30763/Intervencion.2012.6.72
https://doi.org/10.1016/j.carbpol.2018.02.085
https://doi.org/10.1016/j.carbpol.2018.02.085
https://www.revistaintervencion.inah.gob.mx/index.php/intervencion
https://portal.issn.org/resource/ISSN/2007-249X

Intervencién

ISSN 2448-5934

ENERO-JUNIO 2022
JANUARY-JUNE 2022

OJS

indice / Contents

CONVOCATORIA 2023
CALL FOR PAPERS 2023

Research article

Guillen, J., Garcia De Ledn, E., Ortiz, N., Escudero, R., & Rojas-Valencia, M.
(June, 2019). Study of the properties of the Echerhirhu-Block made with
Opuntia ficus mucilage for use in the construction industry. Case Stud-
ies in Construction Materials 10, e00216. doi: https:/doi.org/10.1016/j.
cscm.2019.e00216

Instituto Nacional de Antropologia e Historia. (2014). Lineamientos insti-
tucionales generales en materia de conservacion del patrimonio cultural.
México, Instituto Nacional de Antropologia e Historia. https:/www.nor-
mateca.inah.gob.mx/pdf/01472572392.PDF

Jaidar, Y. (20086). Los extractos vegetales usados como aditivo en los
morteros de cal con fines de conservacion (Bachelor thesis). Escuela Na-
cional de Conservacién, Restauracion y Museografia “Manuel del Castillo
Negrete”, Instituto Nacional de Antropologia e Historia.

Jani, G., Shahb, D., Prajapatia, V., & Jain, V. (2009) Gums and mucilages:
versatile excipients for pharmaceutical formulations. Gums and mucilages/
Asian Journal of Pharmaceutical Sciences, 4(5), 308-322. http://citeseerx.
ist.psu.edu/viewdoc/download?doi=10.1.1.472.4557 &rep=rep1&type=pdf

Khachatoorian, R., Petrisor, I. G., Kwan, C. C., & Fu, T. (2003). Biopoly-
mer plugging effect: laboratory-pressurized pumping flow studies. Jour-
nal of Petroleum Science and Engineering, 38(1-2), 13-21. doi: https://doi.
org/10.1016/S0920-4105(03)00019-6

Lemboye, K., Almajed, A., Alnuaim, A., Arab, M., & Alshibli, K. (February,
2021). Improving sand wind erosion resistance using renewable agricultur-
ally derived biopolymers. Aeolian Research 49, 100663. doi: https:/doi.
org/10.1016/j.ae0lia.2020.100663

Lobos E., Passos da Silva, D., Mena, J., Logarzo, G., & Varone, L. (January,
2013). Principales insectos plagas de las Opuntias en Argentina, México y
Brasil. Cactusnet Newsletter, NUmero especial 13, 137-58. http:/www.i-m.
mx/cactusnet/Cactusnet/newsletter.html

Martinez-Camacho, F., Vazquez-Negrete, J., Lima, E., Lara, V., & Bosch, P.
(2008). Texture of nopal treated adobe: restoring Nuestra Sefiora del Pilar
mission. Journal of Archaeological Science, 35(5), 1125-1133. doi: https:/
doi.org/10.1016/j.jas.2007.10.019

Initial Assessment of the Properties of Nopal Gum as a Possible Additive...


https://doi.org/10.1016/j.cscm.2019.e00216
https://doi.org/10.1016/j.cscm.2019.e00216
https://www.normateca.inah.gob.mx/pdf/01472572392.PDF
https://www.normateca.inah.gob.mx/pdf/01472572392.PDF
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.472.4557&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.472.4557&rep=rep1&type=pdf
https://doi.org/10.1016/S0920-4105(03)00019-6
https://doi.org/10.1016/S0920-4105(03)00019-6
https://doi.org/10.1016/j.aeolia.2020.100663
https://doi.org/10.1016/j.aeolia.2020.100663
http://www.i-m.mx/cactusnet/Cactusnet/newsletter.html
http://www.i-m.mx/cactusnet/Cactusnet/newsletter.html
https://doi.org/10.1016/j.jas.2007.10.019
https://doi.org/10.1016/j.jas.2007.10.019
https://www.revistaintervencion.inah.gob.mx/index.php/intervencion
https://portal.issn.org/resource/ISSN/2007-249X

Intervencién

ISSN 2448-5934

ENERO-JUNIO 2022
JANUARY-JUNE 2022

OJS

indice / Contents

CONVOCATORIA 2023
CALL FOR PAPERS 2023

Research article

Medina-Torres, L., Brito-De La Fuente, E., Torrestiana-Sanchez, B., & Kat-
thain, R. (2000). Rheological properties of the mucilage gum (Opuntia fi-
cus indica). Food Hydrocolloids (14), 417-424. doi: https://doi.org/10.1016/
S0268-005X(00)00015-1

Medina, O., Carrascosa, B., & Domenech, M. T. (2015). Estudio de la in-
fluencia de aditivos naturales obtenidos de plantas crasas en las propie-
dades de morteros de adobe. Arché (10), 170-178. http:/hdl.handle.
net/10251/85216

MMP-1 02/03. (2003). Clasificacion de fragmentos de rocas y suelos en
Meétodos de muestreo y prueba de materiales. Secretaria de Comunica-
ciones y Transportes (scT).

Muguda, S., Booth, S. J., Hughes, P. N., Augarde, C. E., Perlot, C., Bruno,
A. W., & Gallipoli D. (2017). Mechanical properties of biopolymer-stabilised
soil-based construction materials. Géotechnique Letters, 7, 309-314. doi:
https://doi.org/10.1680/jgele.17.00081

Nazareno, M. A. (2013). Cactus como fuente de sustancias promotoras de
la salud. Cactusnet Newsletter, 13, 95-105. http://www.i-m.mx/cactusnet/
Cactusnet/newsletter.html

Organizacion de las Naciones Unidas para la Educacion, la Ciencia y la
Cultura. (1998). Archaeological zone of Paquimé, Casas Grandes. UNESCO
World Heritage Committee Adds 30 Sites to World Heritage List. http:/
whc.unesco.org/en/list/560

Pacheco, G. (2014). Conservacion de las estructuras y murales del Templo
pintado de Pachacamac. En Pozzi-Escot, D. (Comp.), Pachacamac: con-
servacion en arquitectura de tierra (pp. 143-163). Ministerio de Cultura.

Pérez, A., Gonzélez, J. L., Guerrero, L. F., Sanchez, M. A., & Chiken, A.
(2021). Optimization of hydrated lime putties and lime mortars using nopal
pectin for conservation of cultural heritage. wit Transactions on the Built
Environment, 203, 101-111. doi: https://doi.org/10.2495/STR210091

Pérez, N., Charua, D., & Fernandez, S. (2015). Extraccién y purificacién del
mucilago y goma de nopal para su uso en conservacion. Estudios sobre
Conservacion, Restauracion y Museologia, 2, 156-166. https:/revistas.
inah.gob.mx/index.php/estudiosconservacion/article/view/5473

Initial Assessment of the Properties of Nopal Gum as a Possible Additive...

196


https://doi.org/10.1016/S0268-005X(00)00015-1
https://doi.org/10.1016/S0268-005X(00)00015-1
http://hdl.handle.net/10251/85216
http://hdl.handle.net/10251/85216
https://doi.org/10.1680/jgele.17.00081
http://www.i-m.mx/cactusnet/Cactusnet/newsletter.html
http://www.i-m.mx/cactusnet/Cactusnet/newsletter.html
http://whc.unesco.org/en/list/560
http://whc.unesco.org/en/list/560
https://doi.org/10.2495/STR210091
https://revistas.inah.gob.mx/index.php/estudiosconservacion/article/view/5473
https://revistas.inah.gob.mx/index.php/estudiosconservacion/article/view/5473
https://www.revistaintervencion.inah.gob.mx/index.php/intervencion
https://portal.issn.org/resource/ISSN/2007-249X

Intervencién

ISSN 2448-5934

ENERO-JUNIO 2022
JANUARY-JUNE 2022

OJS

indice / Contents

CONVOCATORIA 2023
CALL FOR PAPERS 2023

Research article

Pinta, C. V. (2022). Actividad biolégica de la especie Malva sylvestris
(Malva comun). (Bachelor thesis). Recuperada del repositorio digital de la
Universidad Central del Ecuador. Acceso: http:/www.dspace.uce.edu.ec/
handle/25000/26475

Prajapati, V., Jani, G., Moradiya, N., & Randeria N. (February 15, 2013).
Pharmaceutical applications of various natural gums, mucilages and their
modified forms. Carbohydrate Polymers, 92. 1685-1699. http:/dx.doi.
org/10.1016/j.carbpol.2012.11.021

Razavi, S. M. A., Cui, S. W,, Guo, Q., & Ding, H. (2014). Some physico-
chemical properties of sage (Salvia macrosiphon) seed gum. Food Hydro-
colloids, 35, 453-462. doi: https:/doi.org/10.1016/j.foodhyd.2013.06.022

Rodriguez-Navarro, C., Ruiz-Agudo, E., Burgos-Cara, A, Elert, K., & Han-
sen, E. (2017). Crystallization and Colloidal Stabilization of Ca(OH), in the
Presence of Nopal Juice (Opuntia ficus indica): Implications in Architec-
tural Heritage Conservation. Langmuir, 33(41), 10936-10950. doi: https://
doi.org/10.1021/acs.langmuir.7b02423

Torres, P, Cruz, S., Pefia, N. C., Fernandez, S. E., Rodriguez, M. A., & Cruz,
A. (2015). La baba y el mucilago de nopal, una alternativa natural para
la conservacion de acabados arquitecténicos de tierra. Antropologia. Re-
vista Interdisciplinaria del inaH, 99, 92-114. https://revistas.inah.gob.mx/
index.php/antropologia/article/view/8197

UNE-EN 772-11. (2011). Métodos de ensayo de piezas para fabrica de al-
bafiileria. Parte 11: Determinacion de la absorcién de agua por capilaridad
de piezas para fabrica de albafiileria de hormigén, hormigén celular cura-
do en autoclave, piedra artificial y piedra natural, y de la tasa de absorcién
de agua inicial de las piezas de arcilla cocida para fébrica de albafileria.
Espafia, Normalizaciéon Espafiola.

Veiga, R. (2017). Air lime mortars: What else do we need to know to apply
them in conservation and rehabilitation interventions? A review. Construc-
tion and Building Materials, 157, 132-140. doi: https:/doi.org/10.1016/].
conbuildmat.2017.09.080

Ventola, L., Vendrell, M., Giraldez, P., & Merino, L. (2011). Traditional or-
ganic additives improve lime mortars: New old materials for restoration
and building natural stone fabrics. Construction and Building Materials,
25, 3313-3318. doi: https:/doi.org/10.1016/j.conbuildmat.2011.03.020

Initial Assessment of the Properties of Nopal Gum as a Possible Additive...

4
<

197


http://www.dspace.uce.edu.ec/handle/25000/26475
http://www.dspace.uce.edu.ec/handle/25000/26475
http://dx.doi.org/10.1016/j.carbpol.2012.11.021
http://dx.doi.org/10.1016/j.carbpol.2012.11.021
https://doi.org/10.1016/j.foodhyd.2013.06.022
https://doi.org/10.1021/acs.langmuir.7b02423
https://doi.org/10.1021/acs.langmuir.7b02423
https://revistas.inah.gob.mx/index.php/antropologia/article/view/8197
https://revistas.inah.gob.mx/index.php/antropologia/article/view/8197
https://doi.org/10.1016/j.conbuildmat.2017.09.080
https://doi.org/10.1016/j.conbuildmat.2017.09.080
https://doi.org/10.1016/j.conbuildmat.2011.03.020
https://www.revistaintervencion.inah.gob.mx/index.php/intervencion
https://portal.issn.org/resource/ISSN/2007-249X

Intervencién

ISSN 2448-5934

ENERO-JUNIO 2022
JANUARY-JUNE 2022

OJS

indice / Contents

CONVOCATORIA 2023
CALL FOR PAPERS 2023

Research article

ABOUT THE AUTHORS

Juana Maria Miranda Vidales

Facultad del Habitat,

Universidad Autdonoma de San Luis Potosi (uasLp), Mexico
jmiranda@uaslp.mx

orcip: https://orcid.org/0000-0002-8193-7035

Degree in Chemistry from the Faculty of Chemical Sciences of the uasLp,
Master in Metallurgy and Materials Engineering from the Faculty of Engi-
neering of the uastp, Ph.D. in Science and Technology of Materials from
the Complutense University of Madrid (ucwm), Spain. Full-time Research
Professor at the Facultad del Habitat of the uasLp. She is the author and
co-author of more than 50 articles in national and international indexed
journals. She has participated in congresses in Mexico and abroad, and
has directed theses for bachelor’s, master’s, and doctoral degrees. She
belongs to the National System of Researchers (sni) of the National Coun-
cil of Science and Technology (Conacyt, Mexico), level I.

Lilia Narvaez Hernandez

Facultad del Habitat,

Universidad Autdonoma de San Luis Potosi (uasLpP), Mexico
narvaezl@uaslp.mx

orcip: https:/orcid.org/0000-0002-9800-0310

Degree in Chemistry from the uasLp, Master in Metallurgy and Materials
Engineering (uasLp), Ph.D. in Science and Technology of Materials from
the Complutense University of Madrid (ucwm), Spain. She is a Full-Time Re-
search Professor at the Facultad del Habitat of the uasLr. She coordinates
the Degree in Conservation and Restoration of Movable Cultural Assets
of the Facultad del Habitat. She is the author of more than 30 articles
in highly prestigious indexed and refereed journals. She has supervised
bachelor’s, master’s and doctoral theses. She has more than 40 participa-
tions in national and international conferences. She belongs to Mexico’s
National System of Researchers (sn) of the National Council of Science
and Technology (Conacyt, Mexico), level |.

Initial Assessment of the Properties of Nopal Gum as a Possible Additive...

198


mailto:jmiranda@uaslp.mx
https://orcid.org/0000-0002-8193-7035
mailto:narvaezl@uaslp.mx
https://orcid.org/0000-0002-9800-0310
https://www.revistaintervencion.inah.gob.mx/index.php/intervencion
https://portal.issn.org/resource/ISSN/2007-249X

Intervencién

ISSN 2448-5934

ENERO-JUNIO 2022
JANUARY-JUNE 2022

OJS

indice / Contents

CONVOCATORIA 2023
CALL FOR PAPERS 2023

Research article

Josué Moreno Fraga

Centro INnaH Zacatecas,

Instituto Nacional de Antropologia e Historia (iINaH), Mexico
josue_moreno@inah.gob.mx

orcip: https://orcid.org/0000-0002-9263-7652

Degree in Conservation and Restoration of Movable Cultural Assets from
the Facultad del Habitat of the uasLp. He has worked on various conserva-
tion projects in archaeological zones (Teotihuacan, La Quemada, among
others) and temples and monuments located in different communities in
the states of Zacatecas and Guerrero. He currently holds the position of
conservative restorer at the iNnaH Zacatecas Center.

Initial Assessment of the Properties of Nopal Gum as a Possible Additive...

199


mailto:josue_moreno@inah.gob.mx
https://orcid.org/0000-0002-9263-7652
https://www.revistaintervencion.inah.gob.mx/index.php/intervencion
https://portal.issn.org/resource/ISSN/2007-249X

	Botón 125: 
	Page 181: 
	Page 182: 
	Page 183: 
	Page 184: 
	Page 185: 
	Page 186: 
	Page 187: 
	Page 188: 
	Page 189: 
	Page 190: 
	Page 191: 
	Page 192: 
	Page 193: 
	Page 194: 
	Page 195: 
	Page 196: 
	Page 197: 
	Page 198: 
	Page 199: 

	anterior 8: 
	Page 181: 
	Page 182: 
	Page 183: 
	Page 184: 
	Page 185: 
	Page 186: 
	Page 187: 
	Page 188: 
	Page 189: 
	Page 190: 
	Page 191: 
	Page 192: 
	Page 193: 
	Page 194: 
	Page 195: 
	Page 196: 
	Page 197: 
	Page 198: 
	Page 199: 

	Botón 260: 
	Page 181: 
	Page 182: 
	Page 183: 
	Page 184: 
	Page 185: 
	Page 186: 
	Page 187: 
	Page 188: 
	Page 189: 
	Page 190: 
	Page 191: 
	Page 192: 
	Page 193: 
	Page 194: 
	Page 195: 
	Page 196: 
	Page 197: 
	Page 198: 
	Page 199: 

	ISSN 53: 
	Page 181: 
	Page 182: 
	Page 183: 
	Page 184: 
	Page 185: 
	Page 186: 
	Page 187: 
	Page 188: 
	Page 189: 
	Page 190: 
	Page 191: 
	Page 192: 
	Page 193: 
	Page 194: 
	Page 195: 
	Page 196: 
	Page 197: 
	Page 198: 
	Page 199: 

	Botón 307: 
	Page 181: 
	Page 182: 
	Page 183: 
	Page 184: 
	Page 185: 
	Page 186: 
	Page 187: 
	Page 188: 
	Page 189: 
	Page 190: 
	Page 191: 
	Page 192: 
	Page 193: 
	Page 194: 
	Page 195: 
	Page 196: 
	Page 197: 
	Page 198: 
	Page 199: 

	Button 415: 
	Page 181: 
	Page 182: 
	Page 183: 
	Page 184: 
	Page 185: 
	Page 186: 
	Page 187: 
	Page 188: 
	Page 189: 
	Page 190: 
	Page 191: 
	Page 192: 
	Page 193: 
	Page 194: 
	Page 195: 
	Page 196: 
	Page 197: 
	Page 198: 
	Page 199: 

	indice 48: 
	Page 181: 
	Page 182: 
	Page 183: 
	Page 184: 
	Page 185: 
	Page 186: 
	Page 187: 
	Page 188: 
	Page 189: 
	Page 190: 
	Page 191: 
	Page 192: 
	Page 193: 
	Page 194: 
	Page 195: 
	Page 196: 
	Page 197: 
	Page 198: 
	Page 199: 



