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INTRODUCTION

Every day, consumers are more focus on finding new 
products. Global trends in food production indicate a 
growing consumer attention to functional foods that 
provide extra benefits, in addition to their nutritional 
value (Gutiérrez-Pérez et al., 2013). Additionally, many 
consumers are interested not only in the commercial quality 
of  horticultural products but also in their nutraceutical 
benefits, that is to say, their functional properties that can 
improve consumer´s physical and mental state (Torres-
Ponce et al., 2015; López-Martínez et al., 2016). 

Most plant products are themselves considered functional 
foods for their high content of  bioactive compounds such 

as vitamin C, phenolic compounds, or carotenoids among 
others. Specifically, plant products that have antioxidant 
activity find application in the food, cosmetic and medicinal 
industries (de Ancos et al., 2016). Antioxidant have the 
ability to stop or delay oxidative cell processes, thus 
prevent damage to cells and the preservation of  various 
cell functions. These characteristics present various plant 
and fruits as health-protective agents, which in turn relate 
to the prevention of  chronic degenerative diseases such 
as cardiovascular diseases, different types of  cancer and 
neurological problems (Rochín-Wong et al., 2013).

There is increasing evidence that fruits and vegetables 
may protect against numerous diseases. Their protective 
effect has generally been attributed to their antioxidant 

The demand for Opuntia spp., cladodes has increased substantially due to their low caloric value, high fiber content, their nutritional 
and functional characteristics and beneficial effects and phytochemical composition. The aim of this work was to determine the content 
of biochemical components and the antioxidant capacity of the nopal developed under micro tunnel conditions, with VC as a source of 
fertilization. The plants were grown under micro tunnel conditions with the manual vermicompost application at 15, 30 and 45 t•ha-1. 
Between February and May 2019, four samplings of three cladodes (12 to 15 cm) from each treatment were obtained. Samples were 
stored at -20 °C prior to obtaining ethanol extracts. Total phenolic content and total flavonoids were determined using a modification of 
Folin-Ciocalteu and Zhishen methods, respectively. The ABTS+ test was performed with methodology proposed by Aubad-López. A split plot 
design, with two replicates, was used. The big plot corresponded to doses of vermicompost and subplots to the three varieties of nopal. 
Data were statistically analyzed by a two-way ANOVA with repeated measures. Statistical significance was obtained at 95 % confidence 
level (α = 0.05) using SPSS Statistics. The values recorded for the contents of total phenols, total flavonoids and the antioxidant activity, 
in the Chicomostoc, Chapingo and Narro varieties suggest that cladodes may be a promising source of natural antioxidants.
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constituents, phenolic compounds (Bargougui et al., 2019). 
Polyphenols are chemical compounds of  the secondary 
plant metabolism that can accumulate in specific group 
of  plant organs such as leaves, fruits, roots, and stems 
(Karak, 2019). Flavonoids are secondary metabolic 
compounds, universally distributed in green plant kingdom 
(Samanta et al., 2011) and they are phenolic substances 
widely distributed in all vascular plants (Karak, 2019). 
The antioxidant activity of  flavonoids results from a 
combination of  their iron-chelating and free radical 
scavenging properties, in addition to the inhibition of  
oxidases; thus avoiding the formation of  reactive oxygen 
species and organic hydroxyperoxides (Escamilla-Jiménez 
et al., 2009). Bargougui et al. (2019) highlight that the 
antioxidant activity of  O. ficus-indica cultivars relates 
predominantly to the presence of  phenolic compounds. 
Antioxidants compounds may help to reduce the oxidative 
stress, or delay oxidative processes, preventing free radicals 
from damaging biomolecules such as DNA, lipids, and 
proteins (Rochín-Wong et al., 2013). Additionally, it is 
widely known that the phenolic content of  plant materials 
is strongly correlated with their antioxidant activity (Skerget 
et al., 2005; Astello-García et al., 2015), this is due to 
their redox properties, which present a key function in 
neutralizing free radicals (Dib et al., 2013).

In recent decades the importance of  the use of  organic 
fertilizers (OF) has been reestablishing. Some reasons for that 
are found in the environmental impact of  synthetic fertilizers, 
the increasing cost of  synthetic fertilizers, and the need to 
preserve organic matter in agricultural systems. Organic 
matter is an essential component supporting the sustainability 
and productivity of  natural agriculture (Fortis-Hernández et 
al., 2012). The practices of  organic fertilization include the 
application of  compost and/or vermicompost (VC), the 
increase of  the organic matter of  the soil, the support of  the 
microbial activity, and gradual release of  nutritive elements 
into the soil where they are easily available for plants allowing 
more balanced nutrition (Márquez-Quiroz et al., 2012). 
Vázquez-Vázquez et al. (2015), reported the effect of  OFs 
on the photochemical quality of  crops. They determined that 
the use of  different OF namely compost, VC and solarized 
manure in the cultivation of  Ocimum basilicum L., developed 
under shade house conditions, favored a higher phenolic 
content and higher antioxidant capacity.

Mexico is the main producer of  prickly pear cactus 
worldwide and there are 104 varieties in this country 
(Sandoval-Trujillo et al., 2018). The genus Opuntia 
has almost 300 species, of  which only 12 are used for 
human consumption (Galicia-Villanueva et al., 2017). 
The fruit is eaten fresh or used for the preparation of  
jellies and candies, while young cladodes are used in 
Mexican kitchen in a variety of  dishes known under 

the name of  “nopalitos”. Over the years, this crop has 
gained extraordinary relevance because it has been 
incorporated into an everyday diet (Flores-Mendiola 
et al., 2012). Nopalitos are young and succulent cladodes 
from Opuntia and Nopalea genus consumed as vegetables 
(Maki-Díaz et al., 2018). The demand for nopalitos 
(Opuntia spp. cladodes) internationally and in Mexico has 
increased substantially due to their low caloric value, high 
fiber content, nutritional and functional characteristics 
(Sandoval-Trujillo et al., 2018) and their beneficial effects 
and phytochemical composition (Chahdoura et al., 
2014). It has been reported that Opuntia cladodes are a 
good source of  dietary fiber, which can help reduction 
in body weight by binding to dietary fat and increasing 
its elimination; this could be the reason why cladodes are 
considered hypolipidemic (Astello-García et al., 2015). 
Additionally, Torres-Ponce et al. (2015) emphasize that 
this plant species can be classified as a functional food, 
because of  their qualities nutraceutical qualities such as 
the containment of  dietary fiber and pectin, antioxidant, 
antiviral, anticancer, and anti-cholesterolemic activity, and 
the use in traditional medicine for diabetes control.

In México nopal is cultivated in two planting systems: the 
traditional, with densities ranging from 15,000 to 40.000 
plants•ha-1, and the micro tunnels system, with densities 
from 120,000 to 160,000 plants•ha-1: the second system 
is used in regions with cold climates or during the winter 
production (Galicia-Villanueva et al., 2017). Orona-Castillo 
et al. (2003) highlight that given the climatic conditions 
prevailing in the Comarca Lagunera, the production of  this 
crop can be carried out using micro tunnels in the coldest 
months December - February. The employment of  these 
structures seeks to mitigate any effect of  the presence 
of  hail and frost (Maki-Díaz et al., 2018). In view of  the 
elements described and considering the assumption that the 
application of  VC could increase the nutritional quality of  
plants, the aim of  this work was to determine the content 
of  biochemical components and the antioxidant capacity 
of  the nopal developed under micro tunnel conditions, 
with VC as a source of  fertilization.

MATERIALS AND METHODS

Experimental conditions
The experimental work was carried out within a semicircular 
micro tunnel, of  30 x 3.60 m, length and width, respectively; 
covered with transparent plastic, 720 gauges. This structure 
was installed at Universidad Autónoma Agraria Antonio Narro 
– Unidad Laguna”, in Torreón, Coahuila de Zaragoza, México 
(101° 40’ and 104° 45’ W and 25° 05’ and 26° 54’ N) 
(Schmidt, 1989). Inside of  the micro tunnel, Opuntia cactus 
plants of  three varieties Chicomostoc (V1), Chapingo (V2), and 
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Narro (V3) - were planted on 3 September 2017, applying 
40 t•ha-1 of  bovine manure, on six plots of  9 x 1.10 m. 
Within each plot, 10 lines of  each variety were planted with 
four cladodes per line (subplots) separated by 0.25 m and 
corresponding to a density of  121, 212 plants•ha-1. They 
were left to grow undisturbed for fifteen months. 

To determine the effect of  the VC on the nutraceutical 
quality of  the nopal, on December 3, 2018, the amounts 
corresponding to three doses of  VC (15, 30 and 45 t•ha-1) 
were manually applied to each big plot. The VC was 
prepared using three dungs of: horse, rabbit and goat - last 
mixed with alfalfa residues (Medicago sativa L.) - in a ratio 
1:1:1 by volume, and exposed to earthworms Eisenia fetida 
Savigny for 90 days. The chemicals characteristics of  VC 
are presented in Table 1.

During the period February - May 2019, approximately 
every 30 days, four samplings were carried out, in each of  
them three cladodes were obtained from the central part of  
each small plot, for a total of  54 cladodes per sample. The 
harvest of  young cladodes was made when these reached 
a length between 12 and 15 cm. They were washed in tap 
water for 2 min to remove residues and excess water was 
removed. The samples were placed in plastic bags, properly 
labeled, and transported in portable cooler at 10 °C, and 
stored at -20 °C, in an ultra-freezer (Thermo Scientific serie 
900®), to avoid degradation of  secondary metabolites, until 
obtain the extracts.

Extract preparation
After defrosting, 1 g of  plant material was weighed, placed 
in a test tube with a screw cap, and covered with10 mL 
of  absolute ethanol. The tubes were placed in a circular 
rotary shaker (Scientific ®) at 20 °C for 12 h and at 20 
rpm. Subsequently, the tubes were centrifuged at 3000 
rpm for 5 min, and supernatants were extracted for the 
corresponding analysis.

Determination of total phenolics
Total phenolic content was determined using a modification 
of  Folin-Ciocalteu method (Singleton et al., 1999). This 
modification consisted of: 50 μL of  extract were mixed 
with 3 mL of  distilled water in a test tube. Next, 250 μL 
of  Folin-Ciocalteu reagent (Sigma-Aldrich, St. Louis MO, 
USA) were added, vortexed for 10 s, and left stirring for 
3 minutes. After that time 750 μL of  sodium carbonate 
[20 % (w/v)] were added and stirred for 10 s. Subsequently, 
950 μL of  distilled water was added, vortexed, and allowed 

to react for 2 hours at room temperature and in a dark place. 
The absorbance of  the solution was read at 765 nm on a 
Genesys 10 UV spectrophotometer®. Phenolic content 
was determined based on a calibration curve prepared using 
gallic acid as standard, and the results were reported in 
milligrams of  gallic acid equivalent per 1 g of  fresh weight 
(mg GAE•g-1 FW). Analyses were performed in triplicate.

Determination of total flavonoids
Total flavonoids were determined by the method developed 
by Zhishen et al. (1999), applying the following modifications, 
an aliquot of  250 μL of  the extract of  each sample was 
mixed with 1000 μL of  deionized water, immediately 
afterwards, 75 μL of  NaNO2 were added and the solution 
was allowed to react 5 min. Subsequently, 150 μL of  AlCl3 
(10 %) and 500 μL of  NaOH 1 M were added. The mixture 
was centrifuged at 3500 rpm for 5 min. The absorbance 
was measured at 510 nm by spectrophotometry (Genesys 
10 UV spectrophotometer®), and the results were reported 
in milligrams of  total flavonoids based on quercetin (used 
as standard flavonoid for the calibration curve) per 1 g 
of  fresh nopalito (mg QE●g-1 FW). The analyses were 
performed in triplicate. The quercetin used as the standard 
was of  the company: Sigma-Aldrich 95 % (HPLC), solid 
CAS number 117-39-5.

Determination of antioxidant activity
The ABTS+ test was performed according to the 
methodology proposed by Aubad-López et al. (2007). 
Applying the following modifications, the radical is 
generated by an oxidation reaction of  2, 2’-azinobis-
(3-ethylbenzothiazoline-6-sulfonic acid) [ABTS, (Sigma 
Aldrich, USA.)], with potassium persulfate. In the 
evaluation, 20 μL of  sample and 980 μL of  the ABTS+ 
solution in phosphate buffer were used, pH of  7.4. After 
30 minutes the absorbance was recorded at 743 nm by 
spectrophotometry (Genesys 10 UV spectrophotometer®). 
The calibration curve was performed using Trolox as 
standard and the results were expressed as total antioxidant 
capacity in Trolox micromols equivalents per 100 g of  
sample (TEAC μm•100 g-1 FW). Analyses were performed 
in triplicate. Fig. 1 shows the activities described in the 
previous paragraphs.

Statistical analysis
A split plot design, with two replicates, was used. The big 
plot corresponded to doses of  VC (15, 30 and 45 t•ha-1) 
and subplots to the three varieties of  nopal [Chicomostoc 
(V1), Chapingo (V2) and Narro (V3)]. The variables evaluated 

Table 1: Chemical analysis of the vermicompost used during development of nopal under micro tunnel conditions
EC pH N P K Ca Mg Cu Fe Zn Mn

(dS●cm-1) (%) (mg●kg-1)
VC 7.1 7.9 0.95 2229.7 611.8 48.6 5.6 1.8 26.0 12.0 21.2
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were: total phenols, total flavonoids and antioxidant activity. 
Data were statistically analyzed by a two-way ANOVA with 
repeated measures. Statistical significance was obtained at 
95 % confidence level (α = 0.05). Analyses were performed 
using the SPSS v. 25.0 (SPSS, 2017).

RESULTS AND DISCUSSION

Total phenolics, total flavonoids and antioxidant activity of  
prickly pear cactus cladodes were analyzed with respect to 
applying VC. These parameters measured in four samplings 
presented a normal distribution. The results of  two-way 
ANOVA with repeated measures indicate that no statistical 
differences (P≤0.05) were registered for any of  the variables 
under study, due to the effect of  the dose of  VC applied 
(Factor A), or to the varieties of  nopal (Factor B), or to 
the interaction of  these factors. Similarly Kapoulas et al. 
(2017) were not able to establish significant differences in 
nutrition values and qualities in their studied crops (lettuce 
and green onion). Figs. 2a and 2b presents mean values 
finals of  variables evaluated during the development of  
three varieties of  nopal applying VC under micro tunnel 
conditions. Regardless of  the recorded values for the 
variables under study, all samples of  prickly pear cactus 
cladodes showed total phenols, total flavonoids, and 
antioxidant activity. This has been established as reported 
by Fonseca-García et al. (2014) and Santos-Díaz et al. 
(2017). The range of  values for the total phenolics and 

total flavonoids contents, and for the antioxidant activity 
recorded was 1.56 to 3.10 mg GAE•g-1 FW, 5.19 to 8.43 
mg QE●g-1 FW and 4,142.5 to 6,692.5 TEAC μm•100 g-1 
FW, respectively. Generally, the levels of  these functional 
groups are in accordance with previously reported values 
(Astello-García et al., 2015). The presence of  phenolic 
compounds in crops is related to the protection of  plants 
from pests and diseases (Ibrahim et al., 2012).

Total phenolics in nopal

Today it is widely known that the phenolic content of  
plant materials is strongly correlated with their antioxidant 
activity (Skerget et al., 2005; Astello-García et al., 2015), 
this is due to their redox properties, which present a key 
function in neutralizing free radicals (Dib et al., 2013). The 
range of  values recorded, 1.56 to 3.10 mg GAE•g-1 FW 
for the total phenolics, far exceeded the range of  values 
of  0.04 to 0.27 mg GAE•g-1 determined by du Toit et al. 
(2018) in fresh cladodes of  Robusta and Gymno Carpo 
cultivars. The range of  total phenolic compound content 
in varieties evaluated was quite variable and according with 
Santos-Díaz et al. (2017) it may be due to the maturity stage, 
harvest season, environmental conditions, cultivars and 
postharvest treatment of  crops. The lowest recorded value 
in this experiment, 1.56 mg GAE•g-1 FW, was determined 
for cladodes of  nopal from Chicomostoc variety treated with 
15 t●ha-1 of  VC. This value was slightly similar to the values 
of  2.07 and 1.05 mg GAE•g-1 FW determined by Osorio-

Fig 1. Diagram of the activities carried out in the experiment to determine nutraceutical quality of Opuntia ficus-indica developed under micro 
tunnel conditions applying vermicompost
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Esquivel et al. (2011) in the pericarp of  O. joconostle frutis 
and Mabrouki et al. (2015) in fruits pulp of  O. ficus-indica, 
respectively. For its part, Rocchetti et al. (2018) reported 
total phenolic content in the extract of  cladodes of  O. ficus-
indica with levels slightly higher than those reported in this 
experiment, namely 2.63 mg GAE•g-1 FW.

The highest amount of  total phenolic compounds, 
3.10 mg GAE•g-1 FW, was found when applying 30 
t●ha-1, in Narro variety. Dib et al. (2013) registered a much 
higher value of  26.7 mg GAE•g-1 DW in dry samples 
of  O. ficus-indica cladodes. The higher content of  total 
phenolic compounds is due to the fact that drying of  
the samples causes a significant increase in the total 
flavonoids and phenolics, as well as, the antioxidant 
activity of  plants (Roshanak et al., 2016). In other studies, 
phenolic values were reported to decrease during drying 
(du Toit et al., 2018). On the other hand, de Santiago et al. 
(2018) emphasize that the effect of  cooking on different 
vegetables have shown that polyphenols are higher or 
lower in fresh food, depending on the vegetable and 
cooking method applied. In the experiment developed 
by Mardani-Talaee et al. (2015) they reported highest 
contents of  anthocyanin and phenolic compounds when 
the use of  VC was major (30 %). VC is produced by 
the activity of  earthworms which is rich in macro and 
micronutrients, vitamins, growth hormones, enzymes 
such as proteases, amylases, lipase, cellulase and chitinase 
and immobilized microflora (Olle, 2019). Plants make 
use of  the compounds originated by CV in order to 
generated phenolic compounds which are produced in the 
shikimic acid of  plants and pentose phosphate through 
phenylpropanoid metabolization (Lin et al., 2016).

Total flavonoids in nopal
Flavonoids are secondary metabolic compounds, 
universally distributed in green plant kingdom. Of  all 

these flavonoids compounds, quercetin is the most 
abundant, representing 60-75 % of  the total flavanols, 
the beneficial properties are closely related to its chemical 
structure, which gives it antioxidant properties (Vicente-
Vicente et al., 2013). The use of  quercetin as a standard 
for the determination of  flavonoids is due to its chelating 
properties and the ability to trap free radicals, this allows 
to establish the existence of  the compounds of  interest 
(Pérez-Trueba, 2003).

Flavonoids protects plants from different biotic and abiotic 
stresses and act as unique UV-filter. They function as 
signal molecules, allelopathic compounds, phytoalexins, 
detoxifying agents, antimicrobial defensive compounds 
and have roles against frost hardiness, drought resistance 
and maybe even plant heat acclimation and freeze 
tolerance (Samanta et al., 2011). The antioxidant activity 
of  flavonoids results from a combination of  their iron-
chelating and free radical scavenging properties, in addition 
to the inhibition of  oxidases; thus avoiding the formation 
of  reactive oxygen species and organic hydroxyperoxides 
(Escamilla-Jiménez et al., 2009). 

The highest amount of  total flavonoids, 8.43 mg QE●g-1 
FW, was found in Narro variety when applying 30 t●ha-1 of  
VC. This value was widely surpassed the content of  0.46 
mg QE●g-1 FW of  total flavonoids, reported by Osorio-
Esquivel et al. (2011) in the pericarp of  O. joconostle fruits. 
It also was much higher than reported by Bargougui et al. 
(2019) for methanol extracts of  four O. ficus-indica cultivars. 
They determined flavonoid levels of  0.26, 0.30, 0.31, and 
0.34 mg QE●g-1 FW for Ain Amara (Tunisia), Lengissima 
(Algeria), Ain Jemaa (Moraco), and Sanguinea (Italy) varieties, 
respectively. On another hand, the highest value of  total 
flavonoids registered in the present experiment was slightly 
exceeded by the value of  11.86 mg QE●g-1 DW, determined 
by Dib et al. (2013) in dry samples of  cladodes of  O. ficus-

Fig 2. Mean values and standard deviation of total phenolics and flavonoids (a) and antioxidant activity (b) during the development of three 
varieties of nopal [Chicomostoc (V1), Chapingo (V2) and Narro (V3)] applying vermicompost (VC) under micro tunnel conditions. 15, 30 and 
45 = doses of VC applied (t•ha-1); FW = Fresh Weight.

ba
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indica, which again could be overestimated due the drying 
process (Roshanak et al., 2016). It is worth mentioning that 
VC stimulates mycorrhizal colonization of  the roots and 
due to it VC could induce nutritional stress by increasing 
the phenolic content. Studies have also reported that P, B, 
and Mn deficiency induces flavonoid accumulation, while 
Co and Ni supplementation increases flavonoid production 
and antioxidant enzyme activity (Lujan-Hidalgo et al., 2015).

Antioxidant activity of the nopal 
Bargougui et al. (2019) highlight that the antioxidant activity 
of  O. ficus-indica cultivars relates predominantly to the 
presence of  phenolic compounds, as these are the major 
contributors in the prevention process. The antioxidant 
activity of  phenolic compounds is mainly due to their 
redox properties, which can play an important role in 
absorbing and neutralizing free radicals, quenching singlet 
and triplet oxygen, or decomposing peroxides (Dib et al., 
2013). Antioxidants compounds may help to reduce the 
oxidative stress, or delay oxidative processes, preventing 
free radicals from damaging biomolecules such as DNA, 
lipids, and proteins (Rochín-Wong et al., 2013). 

The highest amount of  antioxidant activity, 6,692.5 TEAC 
μm•100 g-1 FW, was registered when applying VC in doses 
of  45 t●ha-1, in Chapingo variety. The lowest recorded value 
of  antioxidant activity in cladodes was 4,142.5 μm TEAC• 
100 g-1 FW registered for the same variety under the doses 
of  30 t●ha-1 of  VC. Controversial results were detected 
for antioxidant activity in cladodes of  Opuntia spp. Some 
values were much lower, 11.26 μm TEAC• 100 g-1 FW (de 
Santiago et al., 2018) and some were much higher, close 
to 63,000 μm TEAC• 100 g-1 DW (Astello-García et al., 
2015). Astello-García et al. (2015) analyzed extracts of  
dry cladodes samples of  Opuntia spp: O. streptacantha, O. 
hyptiacantha, O. megacantha, O. albicarpa, and O. ficus-indica, 
and measured the antioxidant activity at average values 
of  62,980, 36,850, 60,250, 40,620 and 50,840 μm TEAC• 
100 g-1 DW, respectively. The drying of  the samples 
causes significant increase of  antioxidant activity of  plants 
(Roshanak et al., 2016).

Effect of vermicompost
Although the dimensions of  the micro tunnel did not 
permit to include a control with conventional fertilization, 
the results obtained allow to assume according to Omar 
et al. (2012) that the application of  VC can enhance 
the contents of  total phenols, total flavonoids and the 
antioxidant activity of  three varieties of  nopal; also were 
determined that the total flavonoids and phenolics content 
of  VC treated plants were 39 and 38 % higher, respectively 
than those treated with conventional fertilizer. The 
antioxidant activity determined using the 1,1-Diphenyl-2-
picryl-hydrazyl (DPPH) and Ferric Reducing Antioxidant 

Power (FRAP) assays were high with application of  
organic fertilizer. Another reason for high concentrations 
of  phenolic compounds in organically grown crops is 
the absence of  pesticide residues in their organ/tissues 
which have been found to decrease the phenolic contents 
(Kapoulas et al., 2017).

The elevation of  polyphenols and flavonoids in nopalitos 
registered in the present experiment, in part, could have 
been due to the following aspects: the application and 
mineralization of  organic matter participates in important 
metabolic processes in plant nutrition, specifically ureases 
and phosphatases, these act directly in biogeochemical 
cycles, promoting the increase of  bioactive compounds 
such as phenolics and flavonoids (Álvarez-Solís et al., 
2010). Furthermore, VC is a slow releasing nutrient source 
providing nutrients in synchrony with plant needs, and 
its application can increase the production of  phenolic 
compounds in plants (Domínguez et al., 2010). 

CONCLUSION

Although the doses of  VC applied did not generate 
statistical differences on the content of  the biochemical 
components or on the antioxidant capacity of  the nopal 
varieties, developed under micro tunnel conditions, the 
values recorded for the contents of  total phenols, total 
flavonoids and the antioxidant activity in the Chicomostoc, 
Chapingo and Narro varieties suggest that their cladodes 
might be a promising source of  natural antioxidants.
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