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A B S T R A C T   

The economic potential of the cactus species Cereus peruvianus Mill. (syn. C. hildmannianus K. Schum.) has already 
been demonstrated through the generation of products and patents. However, the phenolic compounds and 
antioxidant activity have not yet been evaluated. The aim of our study was to determine the total phenolic 
compounds, evaluate the antioxidant activity and characterize the phenolic compounds of cladode extracts from 
C. peruvianus grown in the southern region of Brazil, in two collection periods. Higher total content of phenolic 
compounds and antioxidant activity were detected in the cladode extract collected in 2016 than in the cladode 
extract collected in 2015. The profile of phenolic compounds identified five flavonoids that had not previously 
been reported in species of the genus Cereus. The phenolic compounds linked to antioxidant activities identified 
in the cladode extract from C. peruvianus support the use of this species in human food as a source of natural 
antioxidants.   

1. Introduction 

The identification of novel antioxidants from natural sources is 
currently one of the main research focuses on the development of human 
diets and the preventive role of antioxidants in various oxidative stress- 
related conditions. Lin et al. (2016) highlighted the importance of 
phenolic compounds in human nutrition and management of type 2 
diabetes. The health benefits and toxicity of phenolic compounds were 
widely reported by Bhuyan and Basu (2017). Phenolic compounds 
derived from various natural sources are linked to antioxidant, 
anti-inflammatory, anti-allergic, anti-carcinogenic, antihypertensive, 
cardioprotective, anti-arthritic and antimicrobial activities (review by 
Bhuyan and Basu, 2017). The phenolic compounds which participate in 
plant defense against ultraviolet rays, pathogens, and several predators 
also have a preventive role in cardiovascular and neurodegenerative 

diseases, including antiviral, anticancer, and anti-inflammatory activ-
ities (Cory et al., 2018; Forni et al., 2019; Potì et al., 2019). Alara et al. 
(2021) reported a summary of some recent studies and their results, 
regarding different sources of polyphenols. Several species of fruit and 
vegetables have been reported as important sources of phenolic com-
pounds (Alara et al., 2021). However, species of Cactaceae are not yet on 
this list. Although medicinal properties and health benefits of several 
cactus species have been reported (review by Chandra et al., 2019), few 
studies have been done to characterize phenolic compounds derived 
from cacti species. Cacti have been singled out as the food and fuel of the 
future (FAO, 2017), due to morphological and physiological adaptations 
that allow these plants to resist global warming and the marked climate 
change that are already evident across the entire globe. 

Phenolic compounds, chemical variability and antioxidant activity 
have been mainly reported in species and cultivars of Opuntia and 
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Nopalea genera (Santos-Zea et al., 2011; Alves et al., 2017; Bargougui 
et al., 2019; Chbani et al., 2020; Santiago et al., 2021). Phenolic com-
pounds in cacti of the genus Stenocereus and Hylocereus have been 
mainly evaluated in fruits (Esquivel et al., 2007; Beltrán-Orozco et al., 
2009; Choo and Yong, 2011; Som et al., 2019; Attar et al., 2022). As-
sessments of phenolic compounds in cacti of the genus Cereus are scarce, 
and they have been restricted to only one species. The characterization 
and antioxidant activity of phenolic compounds in cladodes and fruits of 
C. jamacaru, a cactus used as food and in the traditional medicine in the 
northeastern region of Brazil, have supported its use in human food and 
also revealed its therapeutic potential (Dutra et al., 2018, 2019; Santos 
et al., 2018; Soares et al., 2021). The genus Cereus Miller is described in 
the subfamily Cactoideae, tribe Cereeae, and it is widely distributed 
from Mexico to Argentina, with a center of diversity in Brazil (Zappi 
et al., 2015). The origin of Cereus genus was dated during the 
Pliocene-Pleistocene transition and the Cerrado was identified as the 
probable ancestral area (Franco et al., 2017). Different species of Cereus 
have been described in the northern, northeastern, midwestern, south-
eastern and southern regions of Brazil (Taylor and Zappi, 2004; Hunt 
et al., 2006). 

Plants of the Cereus genus cultivated in the south of Brazil identified 
as C. peruvianus Mill., also known as C. hildmannianus K. Schumann, have 
also been used in popular and herbal medicine. An extract from cladodes 
from C. peruvianus has shown beneficial effects on human health as well 
as for the treatment of different disorders. According to Assis et al. 
(2011), C. peruvianus is a synonym of C. hildmannianus in the southern 
region of Brazil. The formulations with C. peruvianus cladodes showed 
inhibition of the gastric lesions (Tanaka et al., 2010) and effective results 
in reducing body weight in Wistar rats submitted to a high-fat diet 
(Bernardi et al., 2013). Beneficial health effects of cactus cladodes have 
been attributed to dietary fiber (Osuna-Martínez et al., 2014), and an 
extract of Cereus is marketed as a herbal medicine with the purpose of 
losing weight (ViaFarma, 2017). C. hildmannianus cladodes have been 
indicated for the treatment of kidney disorders and in the topical 
treatment of wounds (Carvalho et al., 2018) and as a diuretic (Sousa 
et al., 2019). 

The economic potential of C. hildmannianus has already been 
demonstrated through the generation of products and patents. Nutra-
ceutical products include powdered (≤0.2 mm) of C. hildmannianus (syn. 
C. peruvianus) associated with vitamins, mineral nutrients, and fiber, 
which may be consumed in the form of tablets, capsules, chewing gum 
and sweets, and may also be added to juices or teas (BR patent number, 
2009002296) (Luna, 2012). Despite the medicinal properties and 
several utilities found, and the chemical characterizations that have 
already been carried out for C. peruvianus or C. hildmannianus (review by 
Santos et al., 2020), the phenolic compounds and antioxidant activity 
have not yet been evaluated. The aim of the present study was to 
determine the total phenolic compounds, evaluate the antioxidant ac-
tivity and characterize the phenolic compounds of cladode extracts from 
C. peruvianus grown in the southern region of Brazil and collected during 
two different periods to verify whether the production and character-
ization of phenolic compounds by a plant is conserved in both periods. 

2. Material and methods 

2.1. Collection and preparation of cladodes from C. peruvianus 

Cladodes of C. peruvianus were collected in 2015 (September) and 
2016 (August) from a cultivated plant in an experimental area in 
southern Brazil (Maringá, state of Paraná; 23◦25′38′′S; 51◦56′15′′W). 
Cladodes from only one plant were collected in the two periods since the 
aim of our study was to investigate whether the production and char-
acterization of phenolic compounds by a plant is conserved or whether it 
can undergo annual variation. According to data from the Main Climatic 
Station of the State University of Maringá (UEM), mean indicators of 
climatic conditions in the month in which the samples were collected 

comprised 273.0 h of sunshine, 24.0 ◦C with 53.7 mm of rain in 2015, 
and 267.0 h of sunshine, 20.8 ◦C with 64.8 mm of rain in 2016. 

The cladodes of C. peruvianus were cut (20 cm in length), washed in 
running water and the spines and vascular bundles were removed. After 
cleaning, the cladodes were cut into smaller pieces. The cladode pieces 
(150 g of each sample) were lyophilized at − 60 ◦C, until completely dry. 
The weight of materials after freeze-drying was 10.0 g. The cladode 
collected in 2015 was analyzed in 2015 and cladode collected in 2016 
was analyzed in 2016. 

2.2. Extraction of phenolic compounds 

Phenolic compounds were extracted by a procedure described by 
Wiczkowski et al. (2013). The cladodes of each lyophilized sample (10 g) 
were homogenized with 200 mL of a solution prepared with meth-
anol/water/trifluoroacetic acid (0.58:0.38:0.04, v/v/v) at room tem-
perature under mechanical stirring (blender) for 5 min at 5 ◦C. Then, the 
extracts were filtered and centrifuged at 5,000 rpm for 30 min at 5 ◦C. 
After centrifugation, the supernatants were concentrated in a rotary 
evaporator at 35 ◦C, and then lyophilized at − 60 ◦C until completely 
dry. After the lyophilization process, 3 g of crude extract were obtained. 
The extracts were stored at − 20 ◦C until used. 

2.3. Determination of total phenolic compounds 

The total phenolic compounds in the cladode extracts of C. peruvianus 
were determined using 100 mg of the crude extracts suspended in 10 mL 
of methanol (10 mg/mL) employing the Folin-Ciocalteu method 
described by Astello-Garcia et al. (2015). An aliquot (20 μL) of the 
methanol solution was added to 1.58 mL of distilled water. Then, 100 μL 
of Folin-Ciocalteu phenol reagent was added, and after 3 min 300 μL of 
20% Na2CO3 was added. The mixtures were left to stand for 1 h at room 
temperature in the dark. Afterwards, the reading was taken in a Libra 
S60PC spectrophotometer (Biochrom, Cambourne, CBE, United 
Kingdom) at 765 nm. Gallic acid (100–800 mg mL− 1) was used as a 
standard in the calibration curve to determine the content of total 
phenolic compounds. Results were expressed in milligrams of gallic acid 
equivalents per gram of extract (mg EAG⋅g− 1 of extract). The de-
terminations for each extract were performed in triplicates. 

2.4. Evaluation of antioxidant action by the DPPH• method 

The scavenging ability of the DPPH• (2,2-diphenyl-1-picrylhydrazyl) 
radical was measured using the method described by Ma et al. (2011). 
C. peruvianus crude extracts were diluted in three concentrations of 
methanol (10, 25 and 50 mg mL− 1), and 25 μL of each dilution was 
transferred to test tubes with 2 mL of 0.625 μM DPPH• methanol solu-
tion. The solutions were mixed and left to stand at room temperature in 
the dark. After 30 min, the reading was carried out in a Libra S60PC 
spectrophotometer (Biochrom, Cambourne, CBE, United Kingdom) at 
517 nm, and the same volume of methanol was used as control. Trolox 
methanol solutions at concentrations 100–2000 μM L− 1 were used to 
construct the calibration curve; antioxidant capacity was expressed as 
μM equivalent trolox⋅g− 1 extract (μM ET⋅g− 1 extract). Assays were 
performed in triplicates. 

2.5. Evaluation of antioxidant action by the ABTS• method 

The ABTS [2, 2′-azino-bis(3-ethylbenzothiazolin)-6-sulfonic] assay 
was performed as described by Rufino et al. (2007). The ABTS• radical 
was prepared with 5 mL of an ABTS• stock solution (7 mM) and 88 μL of 
a potassium persulfate stock solution (140 mM). The solution was left to 
stand for 16 h at room temperature (25 ◦C) in the dark. After that, the 
ABTS• solution was diluted in ethanol to the initial absorbance value of 
0.700 (±0.05) at 734 nm. The assay was performed using 30 μL of the 
crude extract resuspended in three concentrations of ethanol (10, 25 and 
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50 mg mL− 1), and 30 μL of each extract was transferred to test tubes with 
3.0 mL of ABTS• radical and homogenized in a shaker. After 6 min, the 
reading was carried out in a Libra S60PC spectrophotometer (Biochrom, 
Cambourne, CBE, United Kingdom) at 734 nm, and the same volume of 
ethanol was used as control. Solutions of trolox ET (100–1500 μM L− 1) 
were used to construct the calibration curve, with the antioxidant ca-
pacity was expressed as μM equivalent trolox⋅g− 1 extract (μM ET⋅g− 1 

extract). Assays were performed in triplicates. 

2.6. Identification of phenolic compounds by UHPLC-ESI-QTOF-MS 

The identification of phenolic compounds by UHPLC-ESI-QTOF-MS 
was performed using crude extracts of C. peruvianus samples collected 
in 2015 and 2016, resuspended in methanol. Aliquots of the extracts 
were analyzed by UHPLC- ESI-QTOF-MS using a Nexera X2 high per-
formance liquid chromatography system. The system was equipped with 
two LC30AD pumps, Shimadzu XR-ODSIII column (2.0 mm i.d. x 75 mm, 
1.6 μm), injection volume of 1 μL and kept at 40 ◦C. Water (0.1% formic 
acid; A) and acetonitrile (0.1% formic acid; B), both with LC-MS purity 
grade, at a flow rate of 0.2 mL min− 1, with a linear gradient of elution 
were used as solvents. The gradient used was: 95% solvent A and 5% 
solvent B (1 min), 50% solvent A and 50% solvent B (10 min), 5% sol-
vent A and 95% solvent B (12 min), 5% solvent A and 95% solvent B (13 
min), 95% solvent A and 5% solvent B (17 min), and 95% solvent A and 
5% solvent B (20 min). 

The chromatographic system was coupled to a Q-TOF Impact II 
model mass spectrometer (Bruker, Germany) equipped with an ESI 
source operating with AutoMS/MS acquisition mode. The three most 
intense ions from each chromatographic peak were selected. The 
acquisition rate was 5 Hz (MS and MS/MS) and the adjustment of the 
equipment in the range of m/z 70–1300. Analyses were performed in 
positive ionization mode, with capillary voltage set at 4.50 kV, source 
temperature of 200 ◦C and desolvation gas flow of 8 L min− 1. The pos-
itive mode was employed since most natural compounds are preferen-
tially ionized in the positive mode in untargeted studies. Negative mode 
could be used. However, the richness of substances in the C. peruvianus 
cladodes would not be evidenced and only a portion of the compounds 
would be visible, being attributed to the compounds that tend to ionize 
and become negative. It is easier and more common to use the negative 
mode for analysis of this class. However, this same class is also perfectly 
possible to be analyzed in a positive way. The advantage of using the 
positive mode of analysis has been reported by Liigand et al. (2017) and 
Grabsk et al. (2017). 

Precursor scans were performed using collision-induced dissociation 
(CID). The results were obtained using a collision energy ramp in the 
range of 15–40 eV and a collision gas pressure of 3.06⋅10-3 mBar in the 
collision chamber. The ion chromatograms and MS and MS/MS spectra 
were visualized using the Data Analysis 4.3 software, compared to the 
literature and identified through a mass spectrometry database such as 
MassBank (http://www.massbank.jp/Index), ReSpect for phytochim-
icals (http://spectra.psc.riken.jp/) and from the error calculation 
(Brenton and Godfrey, 2010), using the following equation: Mass error 
(ppm) = (TEM-OEM)/TEM) x 1000000, where TM is the theoretical 
mass, OEM is the observed exact mass, and TEM is the theoretical exact 
mass. 

2.7. Data analysis 

Measurements were taken in triplicate for each assay and the results 
were analyzed as the mean for each year of collection (2015 and 2016) 
with SISVAR statistical program (Ferreira, 2019). ANOVA and Tukey’s test 
(p < 0.05) were used to compare means. 

3. Results and discussion 

3.1. Determination of total phenolic compounds 

Higher total content of phenolic compounds (14.91 ± 0.015 mg 
GAE⋅g− 1) was detected in cladode extract of C. peruvianus collected in 
2016 than in cladode extract collected in 2015 (11.03 ± 0.008 mg 
GAE⋅g− 1) [sum of squares = 0.0032; p < 0.05; coefficient of variation: 
CV = 8.14%) (Table 1). Variations in climate and time conditions may 
exert an important influence on the secondary metabolism, inducing 
changes in chemical composition (Alves et al., 2017). These changes 
were observed in the amount of total phenolic compounds in cladodes of 
C. peruvianus plants cultivated in the south of Brazil. The fruiting 
phenological stage also seems to exert an influence on the secondary 
metabolism, inducing changes in the total flavonoid content of 
C. jamacaru from northeastern Brazil. The extract of fruiting cladodes 
showed a higher flavonoid content than that of vegetative cladodes 
(Dutra et al., 2019). Seasonal variations in the chemical composition of 
secondary metabolites in cladodes from other cactus species were also 
related to edaphic factors in the place of cultivation, seasons and age of 
the plants (Stintzing and Carle, 2005). The different processes that an 
extract goes through before component analysis can also lead to a dif-
ferential evaluation of the total phenolic compounds (Avila-Nava et al., 
2014). The highest total content of phenolic compounds was detected in 
cladode extract collected in 2016 showing that the production of 
phenolic compounds by the same plant is not conserved and it can un-
dergo annual variation. Thus, the expectation is that a higher amount of 
total phenolic compounds may be observed in cladodes from other 
plants of C. peruvianus, or in cladodes from the same plant as used in the 
present study, if collected in different periods of the year. Other factors 
involved with changes in the amount of total phenolic compounds of the 
same plant not resulting from seasonal variations should be investigated 
in the future. Li et al. (2019) has showed that mechanical stresses such as 
tissues cutting have induced the increase of total phenolic amount and 
antioxidant activity in pitaya fruits of the Hylocereus undatus cactus. 

3.2. Profile of the phenolic compounds by UHPLC-ESI-QTOF-MS analysis 

Phenolic compounds were identified by comparison with the open 
access database, m/z values and MS2 fragmentation patterns. The 
structures and fragmentation spectra of the six compounds identified are 
shown in Fig. 1 and Fig. 2. The six compounds shown in Table 2 belong 
to the class of flavonoids and alkaloids. The UHPLC-ESI-QTOF-MS pro-
files of each collection period were sent in a supplementary file. 

According to the database (ReSpect: accession PS042004) the com-
pound 1 (12.3 min), a di-glycoside, was identified as isorhamnetin 3-O- 
rutinoside (narcissin) and was detected only in cladode extract of 
C. peruvianus collected in 2015. The precursor ion m/z 625.1756 
[M+H]+ gave rise to the fragment ion at m/z 317.0655 [M+H]+, 
characteristic of the aglycone isorhamnetin, revealing the loss of 308 Da, 
which corresponds to the elimination of a residue of rutinose (rhamnose- 
glucose) (Fig. 1A). The flavonol isorhamnetin 3-O-rutinoside is well 
known and reported by several authors in cladodes (Qiu et al., 2002; 
Guevara-Figueroa et al., 2010; Astello-Garcia et al., 2015) and fruits 

Table 1 
Phenolic compounds content and antioxidant capacity of cladodes extract from 
C. peruvianus collected in 2015 and 2016.a  

Collection period Total phenolic contentb DPPH•c ABTS•d 

2015 11.03 ± 0.008b 17.26 ± 0.11b 8.63 ± 0.06b 

2016 14.91 ± 0.015a 24.04 ± 0.13a 17.08 ± 0.11a 

c/d μM of equivalent Trolox (ET)⋅g− 1 of extract. 
a Values are expressed as mean of triplicates ± SD. Different letters in the same 
column are statistically different (Tukey test p ≤ 0.05, n = 3). 
b mg of gallic acid equivalent (GAE)⋅g− 1 of extract. 
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(Lee et al., 2003; Moussa-Ayoub et al., 2014; Son et al., 2014) of species 
of the genus Opuntia. 

According to the database (ReSpect: accession PM008005) the 
compound 2 (14.0 min) was identified as kaempferol 3-O-rhamnoside 
(kaempferin) (Fig. 1B). The precursor ion m/z 433.1116 [M + H]+ gave 
rise to the fragment ion at m/z 287.0542 [M + H]+ due to the loss of 146 
Da, indicating the presence of a deoxyhexose (rhamnose). Previous re-
ports indicated the presence of kaempferol 3-O-rhamnoside in fruits of 
Opuntia ficus indica (Amaya-Cruz et al., 2019). 

Compounds 3 (10.8 min) and 4 (11.9 min) both with the same pre-
cursor ion, but different retention times (RT), produced distinct 

fragments, although resulting in the same main fragment ion at m/z 287 
[M + H]+ (Table 2). In the MS2 spectrum of the precursor ion m/z 
595.1633 [M + H]+ of compound 3 (Fig. 1C), the fragment ion was 
observed at m/z 433.1108 [M + H]+ generated by the loss of 162 Da, 
which corresponds to the elimination of a hexose residue, followed by 
the loss of 146 Da, which corresponds to the elimination of the deoxy-
hexose residue (rhamnose). The inverse was observed in the fragmen-
tation spectrum of compound 4 of the precursor ion m/z 595.1638 [M +
H]+ (Fig. 1D), in which the first observed loss was 146 Da, producing the 
fragment ion in m/z 449.1023 [M + H]+, which corresponded to the 
elimination of the rhamnose residue. After that, the loss of 162 Da was 

Fig. 1. Fragmentation spectra of compounds detected in C. peruvianus cladodes. Compound 1: isorhamnetin 3-O-rutinoside (A); Compound 2: kaempferol 3-O- 
rhamnoside (B); Compound 3: kaempferol-3-O-glucoside-7-O-rhamnoside (C); Compound 4: kaempferol-3-O-rhamnoside-7-O-glucoside (D); Compound 5: kaemp-
ferol-3-glucoside-2′′-rhamnoside-7-O-rhamnoside (E); Compound 6: tyramine (F). 

Fig. 2. Phenolic compounds detected by UHPLC-ESI-QTOF-MS from extracts rich in phenolic compounds of C. peruvianus cladodes. A: Isorhamnetina 3-O-rutinoside 
(1); B: Kaempferol 3-O-rhamnoside (2) – R1 = Rha e R2 = H, Kaempferol-3-O-glucoside-7-O-rhamnoside (3) – R1 = Glc e R2 = Rha, Kaempferol-3-O-rhamnoside-7-O- 
glucoside (4) – R1 = Rha e R2 = Glc, Kaempferol-3-O-glucoside-2′′-rhamnoside-7-O-rhamnoside (5) – R1 = Rha-Glc e R2 = Rha; C: Tyramine (6). 
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observed, corresponding to the elimination of a hexose residue. Typical 
low-mass ions were also found, confirming the assignment of rhamnosyl 
(m/z 147, 129) and hexosyl (m/z 145, 127) (Kerhoas et al., 2006). 
Compounds 3 and 4 were identified as kaempferol-3-O-glucoside-7-O--
rhamnoside and kaempferol-3-O-rhamnoside-7-O-glucoside, respec-
tively, when compared with the MS2 fragments reported by Kerhoas 
et al. (2006). The flavonol kaempferol-glucosyl-rhamnoside was also 
detected in Opuntia cladodes (Santos-Zea et al., 2011). 

In the MS2 spectrum of the ion m/z 741,2204 [M + H]+ of compound 
5 (10.8 min) (Fig. 1E), the fragment ion was observed at m/z 595.1637 
[M + H]+ generated by the loss of 146 Da (deoxyhexose). After that, 
losses of 162 Da (hexose) and 146 Da (deoxyhexose) were observed, 
producing the fragment ions at m/z 433.1114 [M + H]+ and m/z 
287.0542 [M + H]+, respectively. According to the fragmentation 
pattern reported by Kerhoas et al. (2006), compound 5 was identified as 
kaempferol-3-O-glucoside-2′′-rhamnoside-7-O-rhamoside (Fig. 1E). The 
flavonol kaempferol-3-O-glucoside-2′′-rhamnoside-7-O-rhamoside was 
also reported in Opuntia cladodes (Astello-Garcia et al., 2015). 

The five flavonoids (isorhamnetina 3-O-rutinoside, kaempferol 3-O- 
rhamnoside, kaempferol-3-O-glucopyranoside-7-O-rhamnoside, kaemp-
ferol-3-O-rhamnoside-7-O-glucopyranoside and kaempferol-3-O-glucoside- 
2′′-rhamnoside-7-O-rhamnoside) have already been identified in Cacta-
ceae, in cladodes and fruits of species of the genus Opuntia. However, they 
have not yet been reported in species of the genus Cereus. Thus, our study is 
the first report of isorhamnetin 3-O-rutinoside, kaempferol 3-O-rhamno-
side, kaempferol-3-O-glucopyranoside-7-O-rhamnoside, kaempferol-3-O- 
rhamnoside-7-O-glucopyranoside and kaempferol-3-O-glucoside-2′′-rham-
noside-7-O-rhamnoside in cladodes of C. peruvianus. Furthermore, our re-
sults are in line with the kaempferol biosynthesis scheme proposed by 
Jones et al. (2003) and Kerhoas et al. (2006). 

A spectrum of therapeutic activities has been attributed to iso-
rhamnetin and kaempferol. Isorhamnetin, quercetin and kaempferol are 
flavonoids detected in a wide variety of fruits and are described as 
having anticancer properties (Birt et al., 2001). Isorhamnetine, kaemp-
ferol, and quercetin have been associated with a decrease in advanced 
recurrent adenomas (Bobe et al., 2008). Saud et al. (2013) showed a 
protective action of isorhamnetine in male mice treated with mutagens. 
Mice treated with isorhamnetin showed an increase in survival rate of 
80%, suggesting chemoprotective effects in colon cancer. Fang et al. 
(2005) reported that the four glycosylated forms of kaempferol inhibited 
the secretion of cytokines, which are glycoproteins produced during 
allergic and inflammatory reactions. The anti-inflammatory potential of 
kaempferol was also reported by Kempuraj et al. (2005), suggesting its 
use in the treatment of inflammatory and allergic diseases. In addition to 
anti-inflammatory activity, kaempferol and its derivatives showed sig-
nificant contraceptive activity, without inducing toxicity and gastric 
damage (Toker et al., 2004). 

In the MS2 spectrum of the ion m/z 138.0912 [M+H]+ (1.8 min) of 

compound 6 (Fig. 1F), the fragments m/z 93.0698 [M+H]+, m/z 103.0542 
[M+H]+, and m/z 121.0647 [M+H]+, which corresponds to tyramine, 
according to the database (MassBanK: accession PR311153) were observed 
(Fig. 2). Tyramine is an alkaloid derived from tyrosine produced via the 
shikimic acid pathway and an important precursor of several groups of 
alkaloids and flavonoids (Robinson, 1981; Dewick, 2002). The tyramine 
alkaloid was previously obtained from cladodes and callus cultures of 
C. peruvianus (Oliveira and Machado, 2003) and from cladodes of 
C. jamacaru (Davet et al., 2009; Dutra et al., 2018; Medeiros et al., 2019). 
Tyramine is described as a neurotransmitter/neuromodulator in insects. 
Nagayaa et al. (2002) investigated the neuromodulatory effect of tyramine 
on Drosophila melanogaster, and they concluded that tyramine is a neuro-
modulatory agent in a wide range of invertebrate phyla. Due to the 
neurological effects promoted by tyramine on insects, some researchers 
have focused their attention on its corresponding receptor, which is 
believed to be a potentially promising target for the development of new 
and specific insecticides (Roeder, 2005). 

In plants, a review by Santos et al. (2020) reported that cladode 
extracts from C. hildmannianus (syn. C. peruvianus) have shown great 
potential in folk medicine, and exhibited numerous pharmacological 
activities, in vitro and in vivo, such as gastroprotective, antioxidant, 
antifungal, ovicidal, hemagglutinating and anticancer activity. The 
substances in these extracts are different classes of chemical compounds, 
such as fatty acids, polysaccharides, terpenes, alkaloids, phenolic acids, 
and flavonoids. Thus, C. peruvianus plants appear to show vast potential 
for commercial exploitation with pharmaceutical and nutraceutical 
properties. The results of the present study support the use of cladodes 
from C. hildmannianus (syn. C. peruvianus) as a source of natural 
antioxidants. 

3.3. Antioxidant activity of the C. peruvianus cladode extract 

Higher antioxidant activity (24.04 ± 0.13 μM ET⋅g− 1) was detected 
in the cladode extract of C. peruvianus collected in 2016 than in the 
cladode extract collected in 2015 (17.26 ± 0.11 μM ET⋅g− 1), employing 
the DPPH• method. The antioxidant activity that employed the ABTS•
method was also higher (17.08 ± 0.11 μM ET⋅g− 1) in cladodes collected 
in 2016 than in the cladode extract collected in 2015 (8.63 ± 0.06 μM 
ET⋅g− 1). Thus, the highest antioxidant activity in the cladode extract of 
C. peruvianus, employing the DPPH• and ABTS• methods, coincided 
with the higher total content of phenolic compounds (14.91 ± 0.015 mg 
GAE⋅g− 1) in cladodes collected in 2016 than in cladode extract collected 
in 2015 (11.03 ± 0.008 mg GAE⋅g− 1). 

Different values for the antioxidant capacity of extracts from 
different tissues have been described in cactus species. Lower antioxi-
dant activity than that observed in C. peruvianus cladode extracts was 
reported in fresh fruit extracts of the species Opuntia ficus-indica (5.22 ±
0.89 μM ET⋅g− 1), O. stricta (4.72 ± 0.25 μM ET⋅g− 1), and O. undulata 

Table 2 
Secondary metabolites detected in cladode extract from C. peruvianus. The identification was performed based on information obtained from the MS2 spectra in positive 
mode [M+H]+ and retention time (RT).  

Compound RT 
(min) 

[M+H]+ m/ 
z 

Fragments [M+H]+ Identification Reference Error 
(ppm) 

1 12.3 625.1756 317.0655 Isorhamnetin 3-O-rutinoside ReSpect for Phytochemicals (riken. 
jp) 

1.96 

2 14.0 433.1116 287.0542 Kaempferol 3- O -rhamnoside ReSpect for Phytochemicals (riken. 
jp) 

4.33 

3 10.8 595.1633 287.0541/433.1108 Kaempferol-3-O-glucoside-7-O-rhamnoside Kerhoas et al. (2006) 4.15 
4 11.9 595.1638 287.0544/449.1023 Kaempferol-3-O-rhamnoside-7-O-glucoside Kerhoas et al. (2006) 4.99 
5 10.8 741.2204 287.0542/433.1114/ 

595.1637 
Kaempferol-3-O-glucoside-2′′-rhamnoside-7-O- 
rhamnoside 

Kerhoas et al. (2006) 5.61 

6 1.8 138.0912 93.0698/103.0542/ 
121.0647 

Tyramine MassBank of North America (ucdavis. 
edu) 

4.96 

Error (ppm) = (TEM-OEM)/TEM) x 1000000, where TM is the theoretical mass, OEM is the observed exact mass, and TEM is the theoretical exact mass. 
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(1.08 ± 0.44 μM ET⋅g− 1) (Fernández-López et al., 2010), while higher 
antioxidant activity was reported in dry pulp of Stenocereus pruinosus 
fruits (48.8 ± 1.29 μM ET⋅g− 1) (Rodríguez-Sánchez et al., 2017) and in 
pulp and skin of Hylocereus polyhizus fruits (28.03 ± 0.83 μM ET⋅g− 1) 
(Wu et al., 2006). As well as the total content of phenolic compounds, 
seasonal variations in the chemical composition of secondary metabo-
lites in cladodes of other cactus species (related to edaphic factors of the 
place of cultivation, seasons and age of the plants) may also lead to a 
differential evaluation of the antioxidant activity. In this way, the 
perspective is that a different antioxidant activity may be observed in 
cladodes from other plants of C. peruvianus, or in cladodes from the same 
plant used in the present study if collected in different periods of the 
year. Different light intensity, for example, is a factor that may deter-
mine different antioxidant activity. The higher incidence of UV light can 
stimulate the production of phenolic compounds since phenylalanine 
lyase (PAL; EC 4.3.1.24), a fundamental enzyme in the production of 
phenolics, is activated by light. 

The different processes that the extract goes through before 
component analysis can also lead to a differential evaluation of the 
antioxidant activity. The antioxidant activity of C. jamacaru cladode 
extract was expressed in half-maximal effective concentration (EC50). 
Higher oxidant activity (427.74 ± 5.80 μg mL− 1) was observed when 
employing the DPPH• method than when ABTS• was used (270.57 ±
4.99 μg mL− 1) (Dutra et al., 2018). The extract of seed, fruit pulp and 
cladode of C. jamacaru showed different antioxidant activity levels when 
employing the DPPH• and ABTS• methods (Dutra et al., 2019). The 
antioxidant activity of C. jamacaru fruit peel extract has been also 
expressed in μM ET⋅g− 1 sample. The extract of fruit peel showed 
different antioxidant activity employing the ABTS•: 6.88 μM ET⋅g− 1 

sample, 8.31 μM ET⋅g− 1 sample and 10.14 μM ET⋅g− 1 sample (Melo 
et al., 2017), and 7.23 μM ET⋅g− 1 sample (Santos et al., 2018). 

Despite the divergent ways of expressing the antioxidant activity in 
extracts from different tissues and cactus species, the relevant data in the 
present study showed the antioxidant activity of cladode extracts from 
C. peruvianus. Phenolic and alkaloid compounds in the extract of 
C. jamacaru were related to antioxidant activity, increasing its ability in 
metal chelating activity and promoting anti-cytotoxic activity against 
cisplatin (Dutra et al., 2018). Dutra et al. (2018) also showed that the 
antioxidant activity may act on the cell cycle of the tumor cells in vitro 
and in vivo, leading to anticancer effects and tumor reduction. Evidence 
of antioxidant activity in the cladode extract from C. peruvianus paves 
the way for the use of C. peruvianus cladodes as a natural antioxidant and 
anticancer agent. Flavonoids were not separately quantified in the pre-
sent study. The primary objective of our study was to trace a metabolic 
profile of the detected flavonoids since the phenolic compounds had not 
been identified until then. The future perspective is to quantify the fla-
vonoids. Quantification is essential to know whether flavonoids are in 
sufficient concentrations to be used by the industrial sector to explore 
the previously reported therapeutic and nutraceutical potential for 
cladode extract from C. peruvianus. 

4. Conclusions 

The phenolic compounds linked to antioxidant activities identified in 
cladode extracts from C. peruvianus support the use of this species in 
human food as a source of natural antioxidants and suggest further study 
of the additional therapeutic potential of the extract as an anticancer 
agent. The highest or lowest content of total phenolic compounds, 
different phenolic compounds, as well as the antioxidant activity, may 
vary in cladode extracts from C. peruvianus, depending on variations in 
climate and weather conditions. Despite the variations depending on 
climate and weather conditions, our study was notable showing that in 
addition to the fruits mainly reported in other cactus species, the 
cladode extracts from C. peruvianus may also be a source of natural an-
tioxidants. Thus, C. peruvianus cladodes can be an alternative for the 
food industry as a source of natural antioxidants. 
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Guevara-Figueroa, T., Jiménez-Islas, H., Reyes-Escogido, M.L., Mortensen, A.G., 
Laursen, B.B., Lin, L.W., De La Rosa, A.P.B., 2010. Proximate composition, phenolic 
acids, and flavonoids characterization of commercial and wild nopal (Opuntia spp.). 
J. Food Compos. Anal. 23, 525–532. https://doi.org/10.1016/j.jfca.2009.12.003. 

Hunt, D.R., Taylor, N.P., Charles, G., 2006. In: The New Cactus Lexicon. Milborne Port 
(England).  

Jones, P., Messner, B., Nakajima, J.-I., Schäffner, A.R., Saito, K., 2003. UGT73C6 and 
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