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Agroindustrial Exploitation of the Mucilage 
Obtained from the Nopal Cactus Opuntia spp. 

Cultivated in Hydroponics

Introduction

The development of new biodegradable materials obtained 
from by-products and/or agricultural waste is a new global trend 
that promotes environmental protection through green chemistry 
to produce organic products [1]. Therefore, the nopal is considered 
a cactus present in the roads of rural and semi-urban Mexico, it is an 
entire Mexican cultural symbol with multiple medicinal, agricultural 
and environmental uses, useful for its investigation. In recent years, 
the hydroponic cultivation of this cactus has allowed us to obtain 
greater productivity due to the optimal availability of nutrients 
with a reduction in water consumption [2]. Research based on 
the production of nopal in hydroponic systems is very scarce and 
novel. The yields of Opuntia spp. reported in Sonora, Morelos, 
Mexico City, Baja California, Jalisco, Oaxaca and Nuevo Leon range 
from 60 to 80 t ha-1 per year [3]. The cactus hydroponic cladodes 
contain a thick white cuticle on the inside with cavities of scattered 
cellulose layers that make up the collenchyma and chlorenchyma, 
which make up the parenchyma, which is the one that produces 
mucilage. Among these tissues are cells with oxalate crystals 
(drusen) and soluble and insoluble fibers in an aqueous medium. It 
is expected that, the greater the area and surface thickness of each 
cladode, the larger the mucilage content will be the composition 
of this polymer consists of L-arabinose (47%), D-xylose (23%), 
D-galactose (18%), L-rhamnose (7%) and D-galacturonic acid 
(5%). It is also characterized by having minerals such as calcium 
(4.15%), potassium (3.76%), sodium (0.36%), magnesium 
(0.81%), phosphorus (0.11%), zinc (3.64%), iron (21.07%), copper  
(1.56%); protein (5.77%), fat (4.27%), reducing sugars (6.22%) 
and fibers (56.68%) [4]. Mucilage are a functional source that have  
 

 
applications in the food, pharmaceutical, construction and cosmetic 
industries [5-8]. 

Hydroponic mucilage’s obtained from different Opuntia 
spp. cultivars

The mucilaginous compounds are not extracted spontaneously 
from vegetables; grinding and solvents must be used for extraction 
in most of the cases. In general, when in contact with water, 
mucilage’s swell forming highly viscous solutions and non-adherent 
gels that are able to absorb their weight in water. The cactaceae 
correspond to the classification of neutral mucilage’s because 
their chemical structure presents heterogeneous polymers of the 
mannose that incorporate in their structure a variable percentage 
of other proteins. The cultivar Copena F1 (CF1) and Opuntia undulata 
are called “triple purpose”, this term refers to the production of 
vegetable nopal for human consumption, production of prickly 
pear and forage. The mucilage’s obtained from the triple purpose 
cultivars have the main characteristic of having a weakly acidic pH 
(5.19-5.39), however, CF1 contains a greater amount of mucilage 
(16.47g 100g-1 of prickly pear). On the other hand, Villanueva (Vi) 
and Jalpa (Jap) are considered only for one application, the buds 
of the mother clade are used as a vegetable. The pH for Vi ranges 
from 5.58 and Jap from 5.47, which probably these values may be 
affected by the accumulation of malic acid in plants. The yield of 
the polysaccharide for Villanueva turns out to be around 13.76 and 
in Jalpa it is 8.74g and 100g-1 of fresh matter. The differences are 
related by the method and conditions of extraction of the mucilage, 
as well as the surface area and humidity of the cladodes from which 
these polysaccharides were extracted.
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Abstract

Nopal mucilage is a hetero-polysaccharide hydrocolloid with an extensive range of properties that can be used for the food, cosmetic, pharmaceutical 
and other industries. However, to promote the efficient cultivation can be used the hydroponic system using regional varieties like Copena F1, Villanueva 
and Jalpa. These varieties are perfectly adapted to a hydroponic system with which you can obtain high quality mucilage and in large quantity. The 
results shown high yields (16.47g 13.76g and 8.74g 100g-1 of “fresh matter”) for Copena F1, Villanueva and Jalpa respectively. This demonstrate that 
the hydroponic system and these varieties are a potential source of mucilage that can be used in several industrial sectors. 
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Currently, there are several extraction methods for obtaining 
mucilage extracted from nopal cactus and reported by different 
authors for various agro-industrial uses [9-11]. Therefore, in 
this process the phenomenon of density, viscosity and degree of 
methoxylation must be considered, since the addition of some 
solvent can generate an inhibition of undesired enzymatic lysis. In 
general, the procedure consists of

a) Disinfection of the vegetative material

b) Dehydration of cladodes

c) Homogenization of the suspension 

d) Condensation of the suspension

e) Elimination of traces

f) Recovery of mucilage 

g) Drying and pulverized

The incorporation of the solvent is related to the fresh weight 
of the vegetative matter and the degree of purity. Normally the 
proportions managed for the addition of alcohol are 1:1 and 2:1 
(v/v). The characteristic color of the mucilage is white, however, 
during the saturation by alcohol, the chlorophyll pigments are 
extracted simultaneously due to the chemical affinity they present 
to the hydrocolloids. The pH is released acidically, leaving the 
soluble solids concentrate as sucrose. 

Several studies have evaluated the use of mucilage in the 
purification and filtration of sewage water contaminated by heavy 
metals, also as an adhesive in the textile industry, enhancer in the 
infiltration of water in soils due to its physical properties (viscosity, 
elasticity and texture) for the optimal germination of seeds. These 
are also used in construction, since they have shown to improve 
the properties of concrete both in its fresh and hardened state 
(CIIDIR 2018). Another application of the mucilage in the food area 
includes the production of films and/or coatings to extend the shelf 
life of perishable products before, during and after harvest. 

Conclusion

The industrial potential of the hydroponic mucilage’s derived 
from cactus plants of different cultivars (Copena F1, Villanueva, and 
Jalpa) of biological basis and suitable for human consumption turn 
out to be an alternative study in the physicochemical properties of 
fibers that constitute them.
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