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Phytochemical profiles are useful to select Opuntia species for antioxidant purposes 
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 2 

Abstract 20 

The genus Opuntia (Cactaceae) includes different plants well adapted to arid and semi-arid 21 

zones. These species are cultivated under restricted growth conditions, not suitable for the 22 

growth of other fruits/vegetables. The cactus pear is a well-known example inside Opuntia 23 

genus. Its young cladodes, also known as nopalitos, are frequently consumed and used in folk 24 

medicine due to their beneficial effects and phytochemical composition. Herein, hydrophilic 25 

and lipophilic extracts from cladodes of Opuntia microdasys and Opuntia macrorhiza were 26 

characterized. Furthermore, their antioxidant properties were compared to the corresponding 27 

phytochemical profile. Despite the phylogenetic proximity and similar geographical origin O. 28 

microdasys and O. macrorhiza showed significant differences in sugars, organic acids, 29 

phenolic compounds, fatty acids and tocopherols profiles. In particular, O. microdasys 30 

distinguished for having high contents in fructose, glucose, C6:0, C8:0, C12:0, C14:0, C14:1, 31 

C16:0, C18:3, C20:0, C22:0, C23:0, C24:0, SFA and tocopherols, and also for its higher 32 

DPPH EC50 values. O. microdasys by its side proved to have significantly higher amounts of 33 

trehalose, organic acids, C13:0, C16:1, C17:0, C18:0, C18:1, C20:1, C20:2 and MUFA. The 34 

obtained phytochemical profiles might be considered as useful information to select the best 35 

Opuntia species regarding a determined application of its natural extracts/isolated compounds. 36 

 37 

Keywords: Opuntia; Hydrophilic compounds; Lipophilic compounds; HPLC-DAD-ESI/MS.  38 

39 

Page 3 of 27 Food & Function

Fo
od

&
Fu

nc
tio

n
A

cc
ep

te
d

M
an

us
cr

ip
t



 3 

Introduction 40 

The Opuntia spp. genus belongs to the Cactaceae family, from which the cactus pear is a 41 

well-known example. This plant is native from Mexico, being well adapted to arid and semi-42 

arid zones. It can be cultivated under restricted growth conditions that are not suitable for the 43 

growth of other fruits and vegetables. The young cladodes, also known as nopalitos, are 44 

consumed as vegetables.
1
 Cladodes are modified stems and replace the photosynthetic 45 

function of leaves. These succulent and articulate organs have an ovoid or elongated form (30 46 

to 80 cm long and 18 to 25 cm wide). The inner part of the cladode is formed by the 47 

chlorenchyma, where photosynthesis occurs, and the inside part is formed by a white medullar 48 

parenchyma whose main function is water storage.
2 

Cactus in Tunisia is mostly localized in 49 

areas characterized by low quality soils and water scarcity. Actually, in Mediterranean 50 

countries, cactus pear plant grows spontaneously and is consumed exclusively as fresh fruit. 51 

Only a small quantity is being used for processing; so, there is the need of improving outlet 52 

for seasonally surplus production.
3 
 53 

It has also been useful in controlling desertification and improving depleted natural 54 

rangelands by preventing long-term degradation of ecologically weak environments.
4
 55 

Cactus fruits and cladodes, especially those from Opuntia genus, have been widely used, in 56 

many countries, as food, source of vegetal nutrients, and in folk medicine.
5,6

 The young 57 

cladodes are rich in dietary fiber,
7
 carbohydrates, minerals, proteins and vitamins. Medical 58 

research has found value in cladodes as a raw material for products to treat high blood 59 

cholesterol levels, gastric acidity, blood pressure and several pathologies, such as ulcer, 60 

fatigue and rheumatism pain.
8
 It is claimed to be an excellent source of natural oligoelements 61 

which may improve human health and nutrition.
1
 Cactus pear extracts have shown antitumor

9 
62 

and antioxidant activities.
10 

63 
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 4 

In this work, quantitative and qualitative aspects of Opuntia microdasys and Opuntia 64 

macrorhiza phytochemistry, two Opuntia species with close phylogenetic relationship
11

, were 65 

studied using hydrophilic and lipophilic extracts from cladodes further characterized by 66 

spectrophotometric and chromatographic techniques. The objective of this work was 67 

comparing the chemical composition of cladodes, regarding hydrophilic (sugars, organic acids 68 

and phenolic compounds) and lipophilic (fatty acids and tocopherols) molecules. 69 

Furthermore, in vitro antioxidant properties (free radicals scavenging activity, reducing power 70 

and lipid peroxidation inhibition) of their methanolic extracts were evaluated and compared to 71 

the corresponding phytochemical profile. 72 

 73 

Experimental 74 

Samples 75 

Opuntia macrorhiza (Engelm.) and Opuntia microdasys (Lhem.) cladodes (2-3 years) were 76 

collected from the Cliff of Monastir (Tunisia) between June and July 2013. After spines 77 

removal, cladodes were washed, dried under shade, grounded with a Warring blender (Philips, 78 

France), reduced to a fine dried powder (20 mesh), mixed to obtain a homogenate sample and 79 

stored at 4 °C. 80 

 81 

Standards and Reagents 82 

Acetonitrile (99.9%), n-hexane (97%) and ethyl acetate (99.8%) were of HPLC grade from 83 

Fisher Scientific (Lisbon, Portugal). The fatty acids methyl ester (FAME) reference standard 84 

mixture 37 (standard 47885-U) was purchased from Sigma (St. Louis, MO, USA), as also 85 

were other individual fatty acid isomers and standards: L-ascorbic acid, tocopherols (α-, β-, γ- 86 

and δ-isoforms), sugars (D(-)-fructose, D(+)-melezitose, D(+)-sucrose, D(+)-glucose, D(+)-87 

trehalose and D(+)-raffinose pentahydrate), organic acids and trolox (6-hydroxy-2,5,7,8-88 
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 5 

tetramethylchroman-2-carboxylic acid). Phenolic compounds were purchased from 89 

Extrasynthèse (Genay, France). Racemic tocol, 50 mg/mL, was purchased from Matreya 90 

(Pleasant Gap, PA, USA). 2,2-Diphenyl-1-picrylhydrazyl (DPPH) was obtained from Alfa 91 

Aesar (Ward Hill, MA, USA). Water was treated in a Milli-Q water purification system (TGI 92 

Pure Water Systems, Greenville, SC, USA). All other chemicals and solvents were of 93 

analytical grade and purchased from common sources.  94 

 95 

Chemical composition in hydrophilic compounds 96 

Sugars. Free sugars were determined by high performance liquid chromatography coupled to 97 

a refraction index detector (HPLC-RI). Dried sample powder (1.0 g) was spiked with 98 

melezitose as internal standard (IS, 5 mg/mL), and was extracted with 40 mL of 80% aqueous 99 

ethanol at 80 ºC for 30 min. The resulting suspension was centrifuged (Centurion K24OR 100 

refrigerated centrifuge, West Sussex, UK) at 15,000g for 10 min. The supernatant was 101 

concentrated at 60 ºC under reduced pressure and defatted three times with 10 mL of ethyl 102 

ether, successively. After concentration at 40 ºC, the solid residues were dissolved in water to 103 

a final volume of 5 mL and filtered through 0.2 µm nylon filters from Whatman.
12

 The 104 

equipment of analysis consisted of an integrated system with a pump (Knauer, Smartline 105 

system 1000, Brelin, Germany), degasser system (Smartline manager 5000), auto-sampler 106 

(AS-2057 Jasco, Easton, MD) and an RI detector (Knauer Smartline 2300). Data were 107 

analysed using Clarity 2.4 Software (DataApex, Prague, Czech Republic). The 108 

chromatographic separation was achieved with a Eurospher 100-5 NH2 column (4.6  250 109 

mm, 5 mm, Knauer) operating at 30 ºC (7971 R Grace oven). The mobile phase was 110 

acetonitrile/deionized water, 70:30 (v/v) at a flow rate of 1 mL/min. The compounds were 111 

identified by chromatographic comparisons with authentic standards. Quantification was 112 
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 6 

performed using the internal standard method and sugar contents were further expressed in g 113 

per 100 g of dry weight (dw). 114 

 115 

Organic acids extraction and analysis. Organic acids were determined following a 116 

procedure previously optimized and described by the authors.
13 

Analysis was performed by 117 

ultra-fast liquid chromatograph (UFLC) coupled to photodiode array detector (PDA), using a 118 

Shimadzu 20A series UFLC (Shimadzu Coperation, Kyoto, Japan). Separation was achieved 119 

on a SphereClone (Phenomenex, Torrance, CA, USA) and detection was carried out in a 120 

PDA, using 215 and 245 nm as preferred wavelengths. The organic acids found were 121 

quantified by comparison of the area of their peaks recorded at 215 and 245 nm (for ascorbic 122 

acid) with calibration curves obtained from commercial standards of each compound. The 123 

results were expressed in g per 100 g of dry weight (dw).  124 

 125 

Phenolic compounds extraction and analysis. The powdered cladodes (~1 g) were extracted 126 

by stirring with 30 mL of methanol:water 80:20 (v/v), at room temperature, 150 rpm, for 1 h. 127 

The extract was filtered through Whatman nº 4 paper. The residue was then re-extracted twice 128 

with additional portions (30 mL) of methanol:water 80:20 (v/v). The combined extracts were 129 

evaporated at 35 °C (rotary evaporator Büchi R-210, Flawil, Switzerland) to remove 130 

methanol. The aqueous phase was lyophilized and the extracts were re-dissolved in 20% 131 

aqueous methanol at 5 mg/mL and filtered through a 0.22-μm disposable LC filter disk for 132 

high performance liquid chromatography (HPLC-DAD-MS) analysis. 133 

Phenolic compounds were determined by HPLC (Hewlett-Packard 1100, Agilent 134 

Technologies, Santa Clara, USA) as previously described by the authors.
14

 Double online 135 

detection was carried out in the diode array detector (DAD) using 280 nm and 370 nm as 136 

preferred wavelengths and in a mass spectrometer (MS) connected to the HPLC system via 137 
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 7 

the DAD cell outlet. The phenolic compounds were characterized according to their UV and 138 

mass spectra and retention times, and comparison with authentic standards when available. 139 

For the quantitative analysis of phenolic compounds, a 5-level calibration curve was obtained 140 

by injection of known concentrations (2.5-100 g/mL) of different standards compounds. The 141 

results were expressed in µg per g of extract (dw). 142 

 143 

Chemical composition in lipophilic compounds 144 

Fatty acids. Fatty acids were determined after a transesterification procedure as described 145 

previously by the authors,
12

 using a gas chromatographer (DANI 1000) equipped with a 146 

split/splitless injector and a flame ionization detector (FID at 260 ºC) and a Macherey-Nagel 147 

(Düren, Germany) column (50% cyanopropyl-methyl-50% phenylmethylpolysiloxane, 30 m × 148 

0.32 mm i.d. × 0.25 µm df). Fatty acid identification was made by comparing the relative 149 

retention times of FAME peaks from samples with standards. The results were recorded and 150 

processed using CSW 1.7 software (DataApex 1.7, Prague, Czech Republic). The results were 151 

expressed in relative percentage of each fatty acid. 152 

 153 

Tocopherols. Tocopherols were determined following a procedure previously optimized and 154 

described by the authors.
12

 Analysis was performed by HPLC (equipment described above), 155 

and a fluorescence detector (FP-2020; Jasco, Easton, MD, USA) programmed for excitation at 156 

290 nm and emission at 330 nm. The compounds were identified by chromatographic 157 

comparisons with authentic standards. Quantification was based on the fluorescence signal 158 

response of each standard, using the IS (tocol) method and by using calibration curves 159 

obtained from commercial standards of each compound. The results were expressed in mg per 160 

100 g of dry weight. 161 

 162 
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 8 

Antioxidant activity 163 

The methanolic extract (prepared according to section 2.3.3) was redissolved in methanol 164 

(final concentration 5 mg/mL); the final solution was further diluted to different 165 

concentrations to be submitted to antioxidant activity evaluation by different in vitro assays as 166 

described in Pereira et al.
12

 167 

DPPH radical-scavenging activity was evaluated by using a ELX800 microplate Reader (Bio-168 

Tek Instruments, Inc; Winooski, USA), and calculated as a percentage of DPPH 169 

discolouration using the formula: [(ADPPH-AS)/ADPPH]  100, where AS is the absorbance of 170 

the solution containing the sample at 515 nm, and ADPPH is the absorbance of the DPPH 171 

solution. 172 

Reducing power was evaluated by the capacity to convert Fe
3+

 into Fe
2+

, measuring the 173 

absorbance at 690 nm in the microplate Reader mentioned above. 174 

Inhibition of -carotene bleaching was evaluated though the -carotene/linoleate assay; the 175 

neutralization of linoleate free radicals avoids -carotene bleaching, which is measured by the 176 

formula: β-carotene absorbance after 2h of assay/initial absorbance)  100.  177 

Lipid peroxidation inhibition in porcine (Sus scrofa) brain homogenates was evaluated by the 178 

decreasing in thiobarbituric acid reactive substances (TBARS); the colour intensity of the 179 

malondialdehyde-thiobarbituric acid (MDA-TBA) was measured by its absorbance at 532 nm; 180 

the inhibition ratio (%) was calculated using the following formula: [(A - B)/A] × 100%, 181 

where A and B were the absorbance of the control and the sample solution, respectively.  182 

The results were expressed in EC50 value (sample concentration providing 50% of antioxidant 183 

activity or 0.5 of absorbance in the reducing power assay). Trolox was used as positive 184 

control. 185 

 186 

Statistical analysis 187 
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 9 

All extractions were performed in triplicate and each replicate was also analysed in triplicate. 188 

The results are expressed as means ± standard deviations. Results were classified using a 189 

simple t-test for equality of means (after checking the equality of variances through a 190 

Levene’s test), since there were fewer than three groups. All statistical tests were performed at 191 

a 5% significance level using the SPSS software, version 20.0 (IBM Inc). 192 

 193 

Results and Discussion 194 

Chemical composition in hydrophilic compounds 195 

Both species showed the same composition in sugars and organic acids. Despite the 196 

significant differences (p < 0.001) found for all sugars (except for sucrose, p = 0.958), the 197 

relative abundances followed the same order: fructose > glucose > sucrose > trehalose (Table 198 

1). Fructose was also reported as the main sugar in different Opuntia species.
15

 O. microdasys 199 

gave significantly higher contents in all sugars, except trehalose; however, its total sugars 200 

content (9.6 g/100 g dw) was lower than the quantified in cladodes of Opuntia ficus indica L. 201 

Miller from Mexico (14.09 g/100 g dw).
16

  202 

The profiles in organic acids were also similar (Table 2) in both species, with malic acid as 203 

the major compound (24 g/100 g in O. macrorhiza; 8.9 g/100 g in M. microdasys), followed 204 

by citric acid; on the other hand, ascorbic acid was the least abundant organic acid, in 205 

agreement with previous reports in Opuntia genus.
1,5

 Oxalic and quinic acids gave 206 

intermediate amounts, interchanging positions within species. With no exception, the 207 

quantities of each organic acid were significantly higher in the cladodes of Opuntia 208 

macrorhiza. These differences might be expected since the organic acids profile in plants 209 

depends upon the species, age and tissue type, while its accumulation is often modulated by 210 

the plant adaptation to specific environment conditions.
17

  211 
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 10 

Regarding the phenolic compounds, data of the retention time, λmax, pseudomolecular ion, 212 

main fragment ions in MS
2
, tentative identification and concentration of phenolic acid 213 

derivatives and flavonoids are presented in Table 3. An exemplifying HPLC phenolic profile, 214 

recorded at 370 nm and 280 nm, is presented in Figure 1 for O. microdasys. 215 

UV and mass spectra obtained by HPLC-DAD-ESI/MS analysis showed that the phenolic 216 

composition was characterized by the presence of phenolic acid (hydroxycinnamoyl and 217 

phenylpiruvoyl) derivatives, and flavonols. Sugar substituents consisted of hexoses and 218 

deoxyhexoses, as deduced from the losses of 162 Da and 146 Da, respectively. 219 

Peak 1 ([M-H]
-
 at m/z 255) could be associated to piscidic acid (Figure 1A). The observed 220 

fragments could be interpreted from the losses of carboxyl, carbonyl and hydroxyl functions, 221 

i.e., m/z at 211 ([M-H-CO2]
-
), 193 ([M-H-CO2-H2O]

-
), 179 ([M-H-CO2-OH-OH]

-
), 165 ([M-222 

H-CO2-CO-H2O]
-
) and 149 ([M-H-CO2-H2O-CO2]

-
). Similarly, peak 5 ([M-H]

-
 at m/z 239) 223 

was tentatively identified as eucomic acid (Figure 1B) considering the fragments at m/z 195 224 

([M-H-CO2]
-
, 179 ([M-H-CO2-OH]

-
), 149 ([M-H-CO-OH]

-
) and 133 ([M-H-CO2-H2O-CO2]

-
). 225 

These compounds were only detected in O. macrorhiza, standing out among the major 226 

(piscidic acid: 3400 µg/g extract; eucomic acid: 1688 µg/g extract) phenolics detected herein. 227 

These acids had been previously reported in O. ficus-indica,
18,19

 and their occurrence seems 228 

restricted to plants exhibiting “crassulacean acid metabolism”;
1
 recently they have been found 229 

in relatively high amounts in extracts from juices of Opuntia spp. fruits.
20

 230 

Peaks 2 (649 µg/g extract in O. microdasys; 172 µg/g extract in O. macrorhiza) and 3 (381 231 

µg/g extract in O. microdasys), both showing the same pseudomolecular ion ([M-H]
-
) at m/z 232 

341, were tentatively identified as two caffeic acid hexoside isomers, according to their 233 

characteristic UV spectra, showing maximum wavelength around 326 nm, and to the ions at 234 

m/z 179 (-162 mu, loss of a hexosyl residue; [caffeic acid-H]
-
), 161 ([caffeic acid-H-H2O]

-
) 235 

and 135 ([caffeic acid-CO2-H]
-
) observed in their MS

2
 spectra. Similar reasoning can be 236 
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 11 

applied to assign peak 4 ([M-H]
-
 at m/z 325; 671 µg/g extract in O. microdasys) as a coumaric 237 

acid hexoside, peak 6 ([M-H]
-
 at m/z 355; 852 µg/g extract in O. microdasys; 332 µg/g extract 238 

in O. macrorhiza) as a ferulic acid hexoside, and peak 8 ([M-H]
-
 at m/z 385; 98 µg/g extract in 239 

O. macrorhiza) as a sinapic acid hexoside.  240 

Peaks 7 (435 µg/g extract in O. microdasys) and 9 (516 µg/g extract in O. microdasys; 244 241 

µg/g extract in O. macrorhiza), with the same pseudomolecular ion ([M-H]
-
 at m/z 489), 242 

should also correspond to ferulic acid derivatives as revealed by the fragments at m/z 193, 175 243 

and 149; however, the nature of the substituents could not be established, thereby, their 244 

structures remain unknown.  245 

Peak 10 showed a UV-vis spectrum with a shape suggesting a flavonoid derivative, however, 246 

we were unable to match a structure to its mass spectral characteristics. The remaining peaks 247 

11-14 corresponded to flavonoids derived from three flavonol aglycones as deduced from 248 

their UV-vis and mass spectra, i.e., quercetin (MS
2 

fragment at m/z 301), kaempferol (MS
2 

249 

fragment at m/z 285) and isorhamnetin (MS
2 

fragment at m/z 315), which were previously 250 

reported to occur in Opuntia spp..
1
 In all cases, a loss of -454 mu, corresponding to two 251 

deoxyhexosyl (2x146 mu) and one hexosyl (162 mu) moieties, was produced from the 252 

respective pseudomolecular ion to yield the flavonol aglycone.  253 

Flavonol bearing deoxyhexosylhexoside substituents have been reported to occur in different 254 

Opuntia species, namely rutinosides (i.e., rhamnosyl-glucosides) of quercetin and 255 

isorhamnetin.
1
 Furthermore, the presence of quercetin 3-O-rutinoside, kaempferol 3-O-256 

rutinoside and isorhamnetin 3-O-rutinoside has been positively identified in Opuntia 257 

microdays flowers in a recent study of our group.
21

 Thus, based on these precedents, the 258 

substituting sugars in the compounds detected in the present samples might be speculated to 259 

be rhamnose and glucose. On the other hand, in fresh stems of Opuntia dillenii,
22

 identified 260 

quercetin 3-O-(2’-rhamnosyl)rutinoside (manghaslin) (Figure 2C), which might well match 261 
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 12 

with peak 11 in our samples, as only one fragment ion corresponding to the aglycone was 262 

observed in the MS
2
 spectrum, suggesting that the three sugars are constituting a 263 

trisaccharide. Similar structures might be assumed for peaks 12 and 14, which might be 264 

assigned as the respective O-(rhamnosyl)rutinosides of kaempferol and isorhamnetin. In the 265 

case of peak 13 the appearance of a fragment corresponding to the loss of a deoxyhexosyl 266 

moiety might suggest different locations for the deoxyhexose and the deoxyhexosylhexose 267 

substituents, so that it might be interpreted as an isorhamnetin O-rhamnoside-O-rutinoside 268 

derivative. This latter compound was also detected in the flowers of Opuntia microdays by 269 

our group.
21

 Nevertheless, the identities proposed for peaks 11-14 must be considered merely 270 

tentative, as the data obtained in the present study do not allow us to conclude about the actual 271 

nature and position of the sugar substituents of the compounds. 272 

Overall, the phenolic profiles of each cladode showed significant differences, with 10 273 

compounds (6 phenolic acid derivatives and 4 flavonols) in O. microdasys and 7 compounds 274 

(6 phenolic acid derivatives and 1 flavonol), and only four compounds detected 275 

simultaneously in both species. Piscidic (1) and eucomic acid (5) were the main phenolic 276 

compounds in O. macrorhiza, while isorhamnetin O-(rhamnosyl)rutinoside (14) was the most 277 

abundant in O. microdasys.  278 

 279 

Chemical composition in lipophilic compounds 280 

Besides the fatty acids included in Table 4, caproic acid (C6:0), caprylic acid (C8:0), capric 281 

acid (C10:0), tridecanoic acid (C13:0), eicosenoic acid (C20:1) and cis-11,14-eicosadienoic 282 

acid (C20:2) were also quantified, but in amounts below 0.2%. The characterized profiles 283 

were quite similar for both Opuntia samples, except for C20:5, which was only detected in O. 284 

macrorhiza. Linoleic acid (C18:2) was the major fatty acid, followed by palmitic acid 285 

(C16:0), behenic acid (C22:0), lignoceric acid (C24:0) and linolenic acid (C18:3). 286 

Page 13 of 27 Food & Function

Fo
od

&
Fu

nc
tio

n
A

cc
ep

te
d

M
an

us
cr

ip
t



 13 

Nevertheless, the relative percentages of each quantified fatty acid showed always (except for 287 

C15:0 and C20:3+C21:0) statistically significant differences among both species. The 288 

saturated fatty acids (SFA) were predominant (61% in O. microdasys and 56% in O. 289 

macrorhiza), especially due to the contents in C16:0 and C22:0, being also detected relatively 290 

high percentages (33% in O. microdasys and 36% in O. macrorhiza) of polyunsaturated fatty 291 

acids (PUFA), mainly due to C18:2 and C18:3. PUFA are generally recognized as health-292 

promoting nutrients, specifically to prevent cardiovascular diseases, autoimmune disorders, 293 

diabetes and other diseases.
23

 The MUFA levels lay below 8% in both species, with C18:1 as 294 

the major component. The fatty acids profiles are in general agreement with the findings 295 

reported in the cladodes
24 

and flowers
25 

of Tunisian varieties of Opuntia genus.  296 

Concerning tocopherol composition, O. mycrodasiys gave significantly higher amounts of all 297 

the quantified isoforms (Table 5). α-Tocopherol was the prevailing isoform in both species 298 

(5.3 mg/100 g in O. mycrodasiys; 4.9 mg/100 g Opuntia macrorhiza), while -tocopherol was 299 

only detected in O. mycrodasiys. The levels of tocopherols are often related with high 300 

percentages in PUFA, due to their effectiveness as lipophilic antioxidants.
26

 301 

 302 

Evaluation of bioactive properties  303 

The cladodes of O. macrorhiza presented the highest antioxidant activity for all the performed 304 

assays (Table 6). The EC50 values calculated for DPPH scavenging activity (O. microdasys: 305 

1.00 mg/mL; O. macrorhiza: 0.89 mg/mL), reducing power (O. microdasys: 1.11 mg/mL; O. 306 

macrorhiza: 0.60 mg/mL), inhibition of β-carotene bleaching (O. microdasys: 0.13 mg/mL; 307 

O. macrorhiza: 0.09 mg/mL) and TBARS inhibition capacity (O. microdasys: 0.11 mg/mL; 308 

O. macrorhiza: 0.06 mg/mL) were significantly lower for O. macrorhiza, probably due its 309 

higher content in hydrophilic phenolic compounds (Table 3) and organic acids (Table 2). In 310 

general, in the evaluation of the antioxidant properties, antioxidant activity is under the 311 
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influence of extract’s phenolic composition,
27,28

 and a higher level of phenols usually resulted 312 

in a higher antioxidant capacity. It is true that O. microdasys presented higher contents in 313 

tocopherols, which are also antioxidant compounds, but the differences were less significant.  314 

 315 

Conclusion 316 

The assayed botanical parts (cladodes) of O. microdasys and O. macrorhiza showed a rich 317 

composition in different hydrophilic and lipophilic compounds. Interestingly, and despite the 318 

phylogenetic proximity and similarity in the edaphoclimatic conditions where the samples 319 

were obtained, both Opuntia species revealed significant differences in the assayed 320 

components. Overall, fructose, glucose, C6:0, C8:0, C12:0, C14:0, C14:1, C16:0, C18:3, 321 

C20:0, C22:0, C23:0, C24:0, SFA, tocopherols and DPPH EC50 values were significantly 322 

higher in O. microdasys; on the other hand, trehalose, organic acids, C13:0, C16:1, C17:0, 323 

C18:0, C18:1, C20:1, C20:2 and MUFA were significantly higher in O. macrorhiza. Hence, 324 

the elucidation of the most abundant compounds might constitute useful information to select 325 

the best species regarding a determined application of its natural extracts/isolated compounds.  326 
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Table1. Sugars composition (g/100 g dw) of Opuntia microdasys and Opuntia macrorhiza 

cladodes. Results are presented as mean SD. 

 Levene’s test Opuntia microdasys Opuntia macrorhiza t-test (n = 9)
 

Fructose  p = 0.179 4.7 0.1 2.90.1 p < 0.001 

Glucose  p = 0.476 3.60.1 2.40.1 p < 0.001 

Sucrose  p = 0.310 0.90.1 0.90.1 p = 0.958 

Trehalose  p = 0.017 0.370.03 0.570.02 p < 0.001 

Total sugars  p = 0.516 9.60.2 6.90.2 p < 0.001 
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Table 2. Organic acids composition (g/100 g dw) of Opuntia microdasys and Opuntia 

macrorhiza cladodes. Results are presented as mean SD. 

 Levene’s test Opuntia mycrodasiys Opuntia macrorhiza t-test (n = 9)
 

Oxalic acid p = 0.003 0.084±0.002 0.30±0.01 p < 0.001 

Quinic acid p < 0.001 0.053±0.001 0.41±0.01 p < 0.001 

Malic acid p = 0.002 0.69±0.01 2.0±0.2 p < 0.001 

Ascorbic acid p = 0.007 0.0061±0.0001 0.017±0.002 p < 0.001 

Citric acid p = 0.001 0.58±0.01 1.3±0.2 p < 0.001 

Total organic acids p = 0.002 1.41±0.02 4.1±0.3 p < 0.001 
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Table 3. Retention time (Rt), wavelengths of maximum absorption (max), mass spectral data, relative abundances of fragment ions, tentative 

identification and quantification of the phenolic compounds of O. microdasys (Cl1) and O. macrorhiza cladodes (Cl2). 

Peak 
Rt 

(min) 
max 

(nm) 

Molecular ion 

[M-H]
-
 (m/z) 

MS
2 
(m/z) Tentative identification 

Quantification  

(µg/g extract) t-test (n = 9) 

Cl1 Cl2 

1 4.7 276 255 
211(33), 193(96), 179(90), 

165(87), 149(57) 
Piscidic acid - 3400±236 - 

2 5.9 326 341 179(33), 161(92), 135(17) Hexosyl caffeic acid 649±22 172±4 p < 0.001 

3 6.5 326 341 179(70), 161(20), 135(70) Hexosyl caffeic acid 381±18 - - 

4 7.1 308 325 163(100), 119(86) Hexosyl coumaric acid 671±17 - - 

5 7.2 282 239 
195(18), 179(97), 149(65), 

133(37) 
Eucomic acid - 1688±26 - 

6 9.9 330 355 193(29), 175(100), 149(4) Hexosyl ferulic acid 852±50 332±27 p < 0.001 

7 10.5 330 489 
295(9), 235(23), 193(42), 

175(27), 149(6) 
Ferulic acid derivative 435±65 - - 

8 10.7 332 385 
223(29), 205(100), 190(25), 

164(7) 
Hexosyl sinapic acid - 98±1 - 

9 11.4 326 489 235(23), 193(42), 175(27), 149(8) Ferulic acid derivative  516±26 244±13 p < 0.001 

10 12.5 344 519 473(3), 325(9), 265(21), 205(29) Unknown NQ - - 

11 16.2 356 755 301(100) Quercetin 3-O-(2’-rhamnosyl)rutinoside  396±7 - - 

12 18.1 350 739 285(100) Kaempferol O-(rhamnosyl)rutinoside  125±10 - - 

13 18.9 348 769 623(12), 315(100) Isorhamnetin O-rhamnoside-O-rutinoside  traces 212±17 - 

14 19.3 356 769 315(100) Isorhamnetin O-(rhamnosyl)rutinoside  2507±73 - - 

NQ- not quantified  
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Table 4. Fatty acids composition (relative percentage) of Opuntia microdasys and Opuntia 

macrorhiza cladodes. Results are presented as mean SD.  

Fatty acids Levene’s test Opuntia microdasys Opuntia macrorhiza t-test (n = 9) 

C12:0 p < 0.001 3.1±0.2 2.0±0.1 p < 0.001 

C14:0 p = 0.080 2.7±0.1 2.4±0.1 p < 0.001 

C14:1 p = 0.864 0.64±0.04 0.46±0.03 p < 0.001 

C15:0 p = 0.025 0.7±0.1 0.75±0.03 p = 0.311 

C16:0 p = 0.965 20±1 18±1 p < 0.001 

C16:1 p = 0.011 0.35±0.04 1.2±0.1 p < 0.001 

C17:0 p = 0.942 0.75±0.04 0.84±0.04 p < 0.001 

C18:0 p < 0.001  3.2±0.1 5.7±0.2 p < 0.001 

C18:1 p = 0.477 5.7±0.1 5.9±0.1 p = 0.001 

C18:2 p = 0.086 20±1 24±1 p < 0.001 

C18:3 p = 0.288 12.2±0.2 10.9±0.3 p < 0.001 

C20:0 p = 0.023 5.4±0.1 5.0±0.2 p < 0.001 

C20:3+C21:0 p = 0.573 0.40±0.04 0.41±0.03 p = 0.707 

C20:5 p < 0.001 nd 0.37±0.03 - 

C22:0 p = 0.003 14.8±0.5 12.3±0.1 p < 0.001 

C23:0 p = 0.007 0.74±0.04 0.51±0.05 p < 0.001 

C24:0 p = 0.584 8.6±0.3 8.3±0.2 p = 0.011 

SFA p = 0.916 61±1 56±1 p < 0.001 

MUFA p = 0.175 6.7±0.1 7.8±0.2 p < 0.001 

PUFA p = 0.425 33±1 36±1 p < 0.001 

nd (not detected) 

Lauric acid (C12:0); Myristic acid (C14:0); Myristoleic acid (C14:1); Pentadecanoic acid (C15:0); Palmitic acid 

(C16:0); Palmitoleic acid (C16:1); Heptadecanoic acid (C17:0); Stearic acid (C18:0); Oleic acid (C18:1n9c); 

Linoleic acid (C18:2n6c); -Linolenic acid (C18:3n6); α-Linolenic acid (C18:3n3); Arachidic acid (C20:0); cis-

11,14,17-Eicosatrienoic acid and Heneicosanoic acid (C20:3n3 + C21:0); Behenic acid (C22:0); Tricosanoic acid 

(C23:0); Lignoceric acid (C24:0). 
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Table 5. Tocopherols composition of Opuntia microdasys and Opuntia macrorhiza cladodes. 

Results are presented in mg/100 g of dry weight as mean SD. 

 Levene’s test Opuntia microdasys Opuntia macrorhiza t-test (n = 9) 

α-tocopherol p = 0.425 5.3±0.2 4.9±0.2 p < 0.001 

β-tocopherol p = 0.009 1.36±0.05 0.034±0.004 p < 0.001 

γ-tocopherol p = 0.180 0.24±0.02 0.21±0.02 p = 0.008 

δ-tocopherol p = 0.001 0.064±0.003 nd - 

Total tocopherols p = 0.334 6.9±0.2 5.1±0.2 p < 0.001 
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Table 6. Antioxidant activity (EC50, mg/mL) of methanolic extracts obtained from cladodes of 

Opuntia microdasys and Opuntia macrorhiza Results are presented as mean SD. 

 Levene’s test Opuntia microdasys Opuntia macrorhiza t-test (n = 9) 

DPPH scavenging activity p = 0.059 1.00±0.03 0.89±0.02 p < 0.001 

Reducing power p = 0.850 1.11±0.01 0.60±0.04 p < 0.001 

β-carotene bleaching inhibition  p = 0.137 0.13±0.01 0.09±0.01 p < 0.001 

TBARS inhibition p = 0.141 0.11±0.01 0.06±0.01 p < 0.001 
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Figure 1. HPLC chromatograms of the phenolic compounds of Opuntia microdasys cladode recorded at 370 nm (A) and 280 nm (B).  
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(A) 
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(C) 

 

Figure 2. Chemical structures of piscidic acid (A), eucomic acid (B) and quercetin 3-O-(2’-

rhamnosyl)rutinoside (C). 

Page 27 of 27 Food & Function

Fo
od

&
Fu

nc
tio

n
A

cc
ep

te
d

M
an

us
cr

ip
t


