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ORIGINAL ARTICLE

Amazonian Eryngium foetidum leaves exhibited very high contents 
of bioactive compounds and high singlet oxygen quenching 
capacity
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Adriana Zerlotti Mercadante b, Renan Campos Chisté a,c, and Alessandra Santos Lopes ac

aPostgraduate Program of Food Science and Technology (PPGCTA), Institute of Technology (ITEC), Federal University 
of Pará (UFPA), Belém, PA, Brazil; bDepartment of Food Science, University of Campinas (UNICAMP), São Paulo, Brazil; 
cFaculty of Food Engineering (FEA), Institute of Technology (ITEC), Federal University of Pará (UFPA), Belém, PA, Brazil

ABSTRACT
Phenolic compounds and carotenoids profile of Amazonian Eryngium foeti-
dum leaves and the quenching ability of their hydrophilic extract against 
singlet oxygen (1O2) were determined. Chlorogenic acid (4327 μg/g, dry 
basis, d.b.) was the major phenolic compound in the leaves at very high 
concentrations, while lutein (205 μg/g, d.b.) and β-carotene (161 μg/g, d.b.) 
were the major carotenoids. The extract of E. foetidum leaves was able to 
scavenge DPPH● (91.6% at 5 mg/mL), ABTS●+ (15.77 μM Trolox equivalent/g 
extract) and it exhibited high efficiency to protect tryptophan against 1O2, 
with IC50 at 343 μg/mL and 78% of protection at the highest tested concen-
tration (625 μg/mL). Therefore, E. foetidum leaves can be exploited as an 
accessible natural source of bioactive compounds with antioxidant proper-
ties to be used by the food or pharmaceutical industries.
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Introduction

Most of the natural vegetal resources found in Amazonia are exceptionally rich in bioactive com-
pounds with antioxidant properties.[1–3] Given this scenario, E. foetidum, a green leafy native of the 
Amazon region and Central America, is known as “chicory” in the Amazonian States of Brazil, has 
been included among the main non-conventional cultivated vegetables[4] and it has attracting the 
attention of researchers for its versatility as both phytotherapeutic plant and spice herb in Amazonian 
dishes.[5,6]

The chemical evaluation of E. foetidum leaves indicated a high concentration of phenolic com-
pounds (total tannins and total flavonoids, as determined by spectrophotometry), presence of sapo-
nins, carotenoids, ascorbic acid, various triterpenoids, as well as antioxidant and anti-inflammatory 
activities.[5–7] However, as far as we are concerned, there is no data in the literature describing the 
composition of individual phenolic compounds and carotenoids from E. foetidum leaves.

The importance of describing the composition of bioactive compounds in vegetables has been 
widely reported, due to the association between their ingestion and the decrease of the risk of 
developing chronic degenerative diseases, such as arteriosclerosis, cataracts, macular degeneration, 
cancer and others.[8,9]

Bioactive compounds, such as phenolic compounds and carotenoids, play important role in human 
health due to modulatory effects on physiological or cellular activities. As examples, these compounds 
were reported to inhibit the induction of several proinflammatory cytokines and the impairment of 
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endogenous antioxidant enzymatic systems during inflammation,[10] and they are frequently asso-
ciated with changes in the expression of genes implicated in cancer development, transcription, 
apoptosis, xenobiotic metabolism, inflammation, redox process, among others.[11] Furthermore, one 
of the main biological actions of these compounds is related to their antioxidant capacity to scavenge 
reactive species, such as reactive oxygen (ROS) and nitrogen (RNS) species. ROS and RNS exert 
normal physiological functions in the human organism; however, the overproduction of these species 
can damage cellular components, such as proteins, lipids and DNA, inducing the increased develop-
ment of chronic degenerative diseases and premature aging.[9]

Considering that E. foetidum leaves are widely used in traditional dishes in the Amazonia, the 
knowledge concerning their bioactive compound profiles and the associated antioxidant capacity are 
of paramount importance to support any claimed potential health benefits. Therefore, this study was 
designed to carry out the identification and quantification of phenolic compounds and carotenoids, by 
HPLC-DAD-MS/MS, in E. foetidum leaves cultivated in the Amazonia, as well as to evaluate the 
in vitro antioxidant potential of their hydrophilic extract against singlet oxygen (1O2) and DPPH 
(2,2-diphenyl-1-picrylhydrazyl) and ABTS [2,2ʹ-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid] 
free radicals.

Material and methods

Chemicals

Quercetin, all-trans-β-carotene, gallic acid, chlorogenic acid, ethanol, methanol, methyl tert-butyl ether 
(MTBE), 2,2-diphenyl-1-picrylhydrazyl (DPPH), and 2,2ʹ-azino-bis-(3-ethylbenzothiazoline-6-sulfonic 
acid (ABTS), trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid), potassium persulfate, 
methylene blue (MB), L-tryptophan, acetonitrile, formic acid, and all other analytical grade salts and 
solvents were purchased from Sigma-Aldrich (St. Louis, USA). Ultrapure water was obtained from the 
Pro arium® system (Sartorius, Germany). For chromatographic analysis, samples and solvents were 
filtered using 0.22 and 0.45 μm Millipore membranes, respectively (Billerica, MA, USA).

Samples

Fifty plants were collected in ten rows of a producing property in Santa Izabel, Pará State, Brazil 
(Latitude: −1.29938, Longitude: −48.161, 1°17ʹ58”South, 48°9ʹ40”West), in July 2017. The E. foetidum 
leaves (approximately 500 g) were washed with distilled water and dried at 25°C/2 h. After that, part of 
the material was used to the proximate composition characterization and another one was freeze-dried 
(Liotop, L101, São Paulo, Brazil) at −55°C, in a continuous vacuum for 24 h and used for the bioactive 
compound determination and the assessment of the in vitro antioxidant capacity. The freeze-dried 
leaves were grinded, vacuum packed in plastic bags and stored under free-light conditions at −18°C 
until analysis.

Proximate composition

Analysis of moisture, ashes, lipids and protein (conversion factor of 5.75 of total nitrogen to total 
protein for plants) were determined according to AOAC.[12] Carbohydrate were calculated by differ-
ence [Total carbohydrates = 100–(%moisture+% ashes+% total proteins+% total lipids)]. Total 
energetic value was calculated according to the specific Atwater conversion fator for vegetables, as 
follows: total energetic value (kcal/100 g) = (protein×2.44 kcal/g)+(lipid×8.37 kcal/g)+(total 
carbohydrate×3.57 kcal/g).[13] The experiments were carried out in triplicate and expressed in g/ 
100 g (%) (fresh weight, f.w.).
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Bioactive compounds and antioxidant capacity

Equipment
The identification of carotenoids and phenolic compounds in the samples was carried out in 
a Shimadzu HPLC (Prominence UFLC model, Kyoto, Japan) equipped with a binary pump (LC- 
20AD), a degasser unit (DGU-20A3R), an automatic injector (SIL-20AHT), an oven (CTO-20A), 
a DAD detector (SPD-M20A) and connected in series to a MS from Bruker Daltonics (Amazon speed 
ETD, Bremen, Germany) with an ion-trap as the m/z analyzer and atmospheric pressure chemical 
ionization (APCI) and electrospray (ESI) and as the ionization sources for carotenoids and phenolic 
compounds, respectively. The quantification of phenolic compounds and carotenoids was carried out 
in an Agilent HPLC (Agilent 1260 Infinity model, Santa Clara, CA, USA) equipped with a quaternary 
pump (G1311C), an automatic injector (G7129), an oven (G1316A) and a DAD detector (G1328C).

Bioactive compounds. The carotenoids were extracted from 0.5 mg of freeze-dried leaves and the final 
extract was solubilized in MTBE and filtered immediately before injecting into the HPLC systems. The 
carotenoids were separated on a C30 YMC column (5 μm, 250 mm × 4.6 mm) at 29°C, with a linear 
gradient of methanol (solvent A) and MTBE (solvent B) at 0.9 mL/min.[14] The UV-Visible spectra 
were recorded between 200 and 600 nm and the chromatograms were processed at 450 nm. The 
column eluent was directed to the APCI interface, the MS spectra were obtained after ionization in the 
positive ion mode, with a scan interval at m/z 100 to 800, and the MS parameters were set as described 
by Chisté and Mercadante.[14] The carotenoids were identified according to the following combined 
information: elution order and retention time at C30 column, co-elution with authentic standards, 
UV-visible [λmax, spectral thin structure (%III/II) and cis peak intensity (%AB/AII)] and MS spectra, 
in comparison to the analyzed standards and data available in the literature.[2,3,14-18] The identification 
of cis isomers of carotenoids was carried out based on the observed decrease in %III/II values and 
increase in %AB/AII values (≈ 7–11% = 9-cis, ≈ 45% = 13-cis and ≈ 56% = 15-cis carotenoid).[17]

The carotenoids were quantified using β-carotene as the external standard at concentrations 
varying from 3.12 to 100 μg/mL [R2 = 0.99, limit of detection (LOD) = 0.97 μg/mL and limit of 
quantification (LOQ) = 2.96 μg/mL and lutein [R2 = 0.98, LOD = 0.20 μg/mL and LOQ = 0.62 μg/mL]. 
The LOD and LOQ were calculated using the parameters of the analytical curves (standard deviation 
and slope).[19] For the calculation of the vitamin A content, the NAS-IOM conversion factor was used, 
considering 12 μg of all-trans-β-carotene in the extract corresponding to 1 μg of retinol activity 
equivalent (RAE), and the activity was of 100% for all-trans-β-carotene.[20] The carotenoid contents 
were expressed in μg/g (dry basis, d.b.), considering three independent extraction procedures (n = 3).

The phenolic compounds were extracted from the freeze-dried leaves (0.5 g) with a methanol/water 
solution (80:20 v/v), were separated on a C18 Synergi Hydro column (Phenomenex, 4 μm, 
250 ×4.6 mm), set at 29°C. The UV-visible spectra were obtained between 200 and 600 nm, and the 
chromatograms were processed at 270, 320 and 360 nm. The MS spectra were obtained at m/z from 
100 to 1000 after ionization in an ESI source.[14] The phenolic compounds were identified based on the 
following data: elution order and retention times, UV-visible and MS spectra features in comparison 
with authentic standards (data not shown) and analyzed under the same conditions and data available 
in the literature.[1,8,14] Quantitation was carried out by external standards with six-point analytical 
curves (3.12–100 μg/mL, in duplicate): quercetin (360 nm, R2 = 0.99, LOD = 0.15 μg/mL and 
LOQ = 0.62 μg/mL), kaempferol (360 nm, R2 = 0.99, LOD = 0.15 μg/mL and LOQ = 0.62 μg/mL) 
and chlorogenic acid (320 nm, R2 = 0.99, LOD = 0.15 μg/mL and LOQ = 0.62 μg/mL). The contents 
were expressed in μg/g of freeze-dried leaves (d.b.), considering three independent extraction proce-
dures (n = 3).

In vitro antioxidant capacity. The extracts of E. foetidum leaves used for the antioxidant capacity 
assays were obtained according to the same procedure described for phenolic compounds 
identification.
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Trolox equivalent antioxidant capacity (TEAC) assay was determined according to a procedure 
proposed by Re et al.,[21] with modifications. Aliquots of 30 μL of E. foetidum leaf extracts reacted with 
ABTS●+ and the absorbance was read at 734 nm after 6 min. The antioxidant capacity was calculated 
using analytical curves (duplicate) of trolox at concentrations varying from 102 to 2048 μM and the 
results were expressed in μM Trolox equivalent (TE)/g leaves (f.w.).

The DPPH assay was carried out according to the procedure described by Cheng et al.,[22] by 
monitoring the reaction between the E. foetidum leaf extracts and DPPH radical at 515 nm after 
27 min. The antioxidant capacity was calculated according to Eq. 1, and the results were expressed as % 
of inhibition of the DPPH● (d.b.). 

% of inhibition of the DPPH� ¼
A1 � A0ð Þ

A0ð Þ
X 100 Equation1 

where, A1: absorbance before reaction (DPPH● + methanol), A0: absorbance after reaction (DPPH + 
extract).

The quenching ability of E. foetidum leaf extract against singlet oxygen (1O2) was carried out 
according to the procedure described by Siqueira et al.,[23] The extracts (125 to 600 μg/mL) and 
quercetin standard (positive control) (0.78 to 4.75 μg/mL) were tested at four concentrations. The 
kinetic data obtained from the decay intensity of TRP absorbance at 219 nm were fitted to a first order 
reaction (Eq. 2) using Origin Pro 8 software (OriginLab Corporation, Northampton, MA) and the rate 
constants were calculated (Eq. 3). The percentage of protection of TRP that the E. foetidum extracts 
(EXT) or quercetin exhibited against 1O2 was calculated through Eq. 4. 

Y ¼ Y1þ A:exp � k:xð Þ Equation2 

k ¼
ln2
t1=2

Equation3 

Protection %ð Þ ¼
kTRP

obs � kTRPþEXT
obs

kTRP
obs

X100 Equation4 

where Y is the absorbance of TRP; Y ∞ is the absorbance of TRP in infinite time; A is a preexisting 
factor; k is a pseudo-first order rate constant; x is the reaction time; t1/2 is the half-life time (min); KTRP

obs 
is the observed pseudo-first order rate constant fitted to the TRP decay curve (obtained in the blank 
experiment); and KTRPþEXT

obs is the observed pseudo-first order rate constant fitted to the TRP decay 
curve in the presence of the E. foetidum extract (EXT) or quercetin standard.

Results and discussion

Proximate composition of Eryngium foetidum leaves

The main chemical constituents of the E. foetidum leaves showed a moisture content of ≈ 87%, similar 
to those reported for E. foetidum leaves cultivated in Asia[6] and Alta Verapaz, in Guatemala[24] with 
values varying from 86 to 89%. The lipid content (2.8%) and protein content (1.99%) were approxi-
mately 10 and 3 fold higher, respectively, than those reported for the leaves of E. foetidum from 
Andaman and Nicobar Islands.[6] The values of carbohydrates were 1.5 times higher than those found 
for the leaves of E. foetidum from Alta Verapaz (Guatemala).[24] Regarding the energetic value, the 
leaves of E. foetidum exhibited 52.23 (± 5.46) kcal/100 g.
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Carotenoid profile of Eryngium foetidum leaves

The HPLC-DAD-APCI-MSn analysis allowed the identification and quantification of nine carote-
noids. The MS/MS experiment confirmed the assignment of the protonated molecule ([M +H]+) of all 
carotenoids identified through the expected fragments from the polyene chain of carotenoids and 
functional groups, along with the UV-Vis spectra (Figure 1, Table 1). Peak 1 was tentatively identified 
as a mix of all-trans-violaxanthin + 9-cis-neoxanthin due to the presence of a protonated molecule 
([M +H]+) at m/z 601 and fragments at m/z 583, 565, and 547 corresponding to neutral losses of one, 
two and three OH groups (−18 u), respectively, along with a fragment at m/z 509, showing the neutral 
loss of a toluene moiety ([M +H-92]+). In addition, other fragments were detected at m/z 393, 
resulting from the cleavage of the allylic double bond to the allenic carbon (9-cis-neoxanthin), as 
well as the fragment at m/z 221 corresponding to the presence of a β-ring epoxy substituent with a OH 
group.[15,17,18] This same carotenoid mixture was previously reported in Brazilian loquat.[16]

Peak 2 was identified as all-trans-luteoxanthin due to the λmax at 421 nm and the high %III/II value 
(100%), which are characteristic of this epoxycarotenoid, and also due to the [M +H]+ at m/z 601, and 
the fragment at m/z 583 [M +H-18]+, as well as the m/z 221, similar to that reported for Amazonian 
fruits.[18]

Peak 3 was identified as a mixture of cis-lutein + epoxy-carotenoid because two protonated 
molecules were detected, one at m/z 585 and another at m/z 569. The m/z 585 showed fragments 
at m/z 567, 549 and 531, corresponding to consecutive losses of one, two and three hydroxyl groups, 
respectively, at m/z 493 [M +H-92]+ corresponding to the neutral loss of toluene, at m/z 475 
[M +H-18-92] + and at m/z 221. The [M +H]+ at m/z 569 showed the following characteristic lutein 
fragments: m/z 551 and m/z 533 due to the removal of one and two water molecules, respectively, 
together with the fragment at m/z 477, corresponding to the loss of toluene ([M +H-92]+), m/z 463 
[M +H-106]+ corresponding to loss of a xylene group, as well as fragment at m/z 459 [M +H-92], 
resulting from the loss of toluene and one water molecule. These fragmentation patterns were also 
reported in Couepia bracteosa fruit[2,3] and in Dovyalis and tamarillo fruits.[17]

Peaks 4 and 5 were tentatively identified as all-trans-lutein and all-trans-zeaxanthin, respectively. 
Both the compounds are isomers and, therefore, present the same [M +H]+ at m/z 569. Lutein has a β- 
ring and a ε-ring and zeaxanthin two β-rings. Thus, one of the OH groups of lutein are allylic to the 
double bond in the ε-ring and not conjugated to the polyene chain, resulting in ten conjugated double 

Figure 1. HPLC-DAD chromatogram of the carotenoids of Amazonian Eryngium foetidum L. leaves. Peak identification: 1 = Mix of all- 
trans-violaxanthin+9-cis-neoxanthin; 2 = all-trans-Luteoxanthin; 3 = Mix of cis-lutein + epoxy-carotenoid; 4 = all-trans-Lutein; 5 = all- 
trans-Zeaxanthin; 6 = 9-cis-Lutein; 7 = 13-cis-β-Carotene; 8 = all-trans-β-Carotene; 9 = 9-cis-β-Carotene.
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bonds (c.d.w.). On the other hand, zeaxanthin the two β-rings double bonds are conjugated to the 
polyene chain and, consequently, the chromophore shows 11 c.d.w. Based on these characteristics, it is 
possible to identify these two compounds by the UV-visible and MS spectra features. As expected, λmax 
values of lutein were lower than those of zeaxanthin, the MS spectrum of all-trans-zeaxanthin showed 
a more intense [M +H]+ at m/z 569 compared to the m/z 551 [M +H-18]+ fragment, while the opposite 
was observed for lutein, as previously reported.[14,17,18]

Peak 6 presented the same MS spectra features observed to all-trans-lutein and was identified as 
9-cis-lutein, as it UV-visible spectra was similar to the all-trans-carotenoid, but taking into account the 
presence of the cis peak at 332 nm. Peaks 7, 8 and 9 showed the same [M +H]+ at m/z 537 with 
a characteristic neutral loss of toluene at m/z 444 [M-92]+. These peaks were identified as 13-cis-β- 
carotene, all-trans-β-carotene and 9-cis-β-carotene, respectively, based on their UV-visible character-
istic differentiation as the increased %AB/AII values (≈ 7–11% = 9-cis; ≈ 45% = 13-cis-carotenoid). 
Peaks 7 and 9 were characterized as cis-isomers considering the presence of the cis peak at the 
336–337 nm. The assignment of cis-isomers also considered that the fine spectral structure (%III/II) 
decreased and the intensity of the cis peak (%AB/AII) increased as the cis-double bond is approaching 
the center of the molecule.[2] The identification of all-trans-β-carotene was positively confirmed by co- 
elution and comparison of the UV-Visible and MS spectra with an authentic standard.

The major carotenoids were all-trans-lutein (37%), and all-trans-β-carotene (29%), the other seven 
carotenoids represented approximately 25% of the total sum. The total sum of the carotenoids identified 
from the leaves of E. foetidum (Table 1) was which was high when compared to other plants, such as 
Brassica oleracea, broccoli (B. oleracea L. var. Italica) (222.8–367.6 μg/g d.b.) and cauliflower (B. oleracea 
L. var. Botrytis) (36.5–146.8 μg/g d.b.).[25] The vitamin A value found in E. foetidum leaves was 16.76 μg 
RAE/g (d.b.). For vitamin A activity, it should be remembered that a carotenoid must have at least one 
unsubstituted β-ionone ring attached to the polyene chain with at least eleven carbons. According to 
these structural requirements, among the nine identified carotenoids, only β-carotene (100% conver-
sion) and its isomers (50% conversion) showed vitamin A activity. Therefore, the main contribution to 
the total vitamin A value was from β-carotene (86.5%).

Scientific studies have shown a positive correlation between high fruit and vegetable intake, especially 
rich in lutein and zeaxanthin, with a reduced risk of macular degeneration.[26,27] Other benefits are also 
associated with the ingestion of these pigments, such as reduction of the risk of cataract, protective effect 
against atherosclerosis, prevention of the onset and progression of some types of cancer and other chronic 
degenerative diseases.[28] Lutein and zeaxanthin contents reported here were higher than those reported 
previously for India mustard (lutein; 53.8 ± 4.2; zeaxanthin; 0.8 ± 0.1), brocoli (lutein; 1.4 ± 0.2; 
zeaxanthin; not detected), spinach (lutein; 43.7 ± 3.8; zeaxanthin; 0.7 ± 0.1), watercress (lutein; 42.8 ± 
4.1; zeaxanthin; 0.4 ± 0.1), endive (lutein; 34.2 ± 4.0; zeaxanthin; 0.4 ± 0.1), lettuce (lutein; 2.0 ± 0.1; 
zeaxanthin; 0.1 ± 0.1) and cabbage (lutein; 2.5 ± 0.1; zeaxanthin; 0.1 ± 0.1).[29] Importantly, the values 
indicated by Britton and Khachik,[30] to classify individual carotenoid levels as high (500–2000 μg/100 g or 
5–20 μg/g) and very high (> 2000 μg/100 g or > 20 μg/g) suggested that E. foetidum leaves can be 
considered as a very high source of lutein and β-carotene and a high source of zeaxanthin. Furthermore, 
based on the daily intake ranges of carotenoids reported by Meléndez-Martínez,[31] the intake of 30 g of 
E. foetidum fresh leaves correspond to dietary intake of 7% and 156% of β-carotene and lutein, 
respectively.

Phenolic compounds profile of Eryngium foetidum leaves

Regarding the profile of phenolic compounds, the HPLC-DAD-ESI-MSn allowed the identification 
and quantification of six phenolic compounds (Table 2, Figure 2). Peak 1 was identified as chlorogenic 
acid since it exhibited a deprotonated molecule ([M-H]−) at m/z 353 and an intense fragment at m/z 
191 ([M-H-162]−) corresponding to the loss of a caffeoyl moiety releasing quinic acid. Chlorogenic 
acid was the main phenolic compound found in leaf extract of E. foetidum accounting for 43.28% of 
the total sum, and was positively confirmed based on the same UV-visible features and MS 
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fragmentation pattern observed for the authentic standard. The content of the chlorogenic acid found 
in this study (Table 2) was 9 times higher than that found in artichoke leaves (Cynara cardunculus var. 
Scolymus Hayek L.) (481 μg/g, d.b.).[32]

Peak 2 was tentatively identified as feruloylquinic acid, with [M-H]− at m/z 367 and a MS2 fragment 
at m/z 193 [M-H-174]−, corresponding to ferulic acid after losing the quinic acid attached to the 
molecule. This fragmentation pattern corresponds to those previously described for feruloylquinic 
acid found in artichoke extracts.[33]

Peak 3 was identified as quercetin-glucuronide with [M-H]− at m/z 477 and MS2 fragment at m/z 
301 [M-H-176]− showing the quercetin molecule after the removal of a glucuronic acid unit. The 
fragments of quercetin (m/z 301) in the MS3 experiment was the same as reported in studies where 
quercetin-glucuronide was identified.[1,8]

Table 2. Chromatographic, spectroscopic characteristics and content of phenolic compounds from Eryngium foetidum leaves, 
obtained by HPLC-DAD-ESI-MSn.

Peak
Phenolic 

compounda
Concentration (μg/ 

g leaves)b tR (min)c λmax (nm)d
[M − H]− 

(m/z) MS2 (−) (m/z)e MS3 (m/z)j

1 Chlorogenic 
acidf

4327.62 ± 752.97 19.2 300(sh), 
326

353 191, 179, 173 [353→191]: 127

2 Feruloylquinic 
acidf

147.66 ± 19.64 23.3 265, 326 367 193 [367→193]: 173

3 Quercetin 
glucuronideg

334.34 ± 24.78 27.5 354 477 301 [477→301]: 273, 257, 229, 
179, 151, 107

4 Luteolin 
hexosideh

226.72 ± 44.99 28.8 265,300 
(s), 347

447 327, 285, 257 [447→285]: 268, 257, 243, 
229

5 Luteolin 
glucuronideh

1071. 47 ± 248.78 30.0 265, 347 461 285 [461→285]: 268, 258, 243

6 Ferulic acid 
derivativef

3891.94 ± 402.28 31.3 285(sh), 
330

359 341, 225, 200, 182, 
165, 137

[359→165]: nd

Total sum of phenolic 
(μg/g leaves)

9999.76 ± 172.82

aTentative identification based on Uv-Visible and mass spectra as well as relative HPLC retention times and published data. bn = 3 
(dry weight). cRetention time on the C18 Synergi Hydro (4 μm) column. dSolvent: gradient of 0.5% formic acid in water and 
acetonitrile with 0.5% formic acid. eIn the MS/MS, the most abundant ion is shown in boldface. Peaks were quantified as equivalent 
to fchlorogenic acid, gquercetin and hapigenin. jThe MS3 fragments were obtained from the most abundant ion in the MS/MS 
experiment.

Figure 2. HPLC-DAD chromatogram of phenolic compounds of Eryngium foetidum L. leaves. Chromatographic conditions: see text. 
Peak characterization is given in Table 2. Peak identification: 1: Chlorogenic acid; 2: Feruloylquinic acid; 3: Quercetin glucuronide; 4: 
Luteolin hexoside; 5: Luteolin glucuronide; 6: Ferulic acid derivative.
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Peaks 4 and 5 showed [M-H]− at m/z 447 and 461, respectively, and were identified as luteolin 
derivatives according to their UV-Visible and MS spectra and data available in the literature.[8,33] Peak 
4 presented an intense fragment at m/z 285 ([M-H-162]−) in the MS2 spectrum, corresponding to the 
loss of an hexose unit and was identified as a luteolin hexoside. Peak 5 was identified as luteolin 
glucuronide due to the same fragment at m/z 285 ([M-H-176]−) in the MS2 spectrum, which 
corresponds to the loss of one glucuronic acid unit. Both the peaks showed the same fragmentation 
pattern for luteolin (m/z 285) in the MS3 spectra, as compared to previous data.[8,33] The intake of 
luteolin and apigenin (flavones) in the diet is usually lower than that of flavonols, such as quercetin 
and kaempferol, since they occur in significant concentrations in few foods. A luteolin was identified 
in artichoke leaves with a concentration ranging from 53 (± 1) a 69 (± 2) μg/g d.b.,[32] whose values are 
lower than those reported in this study for leaves of E. foetidum.

Peak 6 exhibited the [M-H]− at m/z 359 with an MS2 fragment at m/z 165 ([M-H-194]−) 
corresponding to the loss of ferulic acid, being tentatively identified as a ferulic acid derivative. The 
MS characteristics of this compound were similar to those previously reported for ferulic acid 
derivatives in strawberry (Fragaria ananassa).[34]

The content of phenolic compounds found in this study was higher than previously reported for 
leaves of E. foetidum from the Andaman and Nicobar Islands (India) whose value of 283.10 μg/g (d.b.) 
(35 times less) was determined by spectrophotometry.[6] When compared to other plants, such as 
artichoke leaves (Cynara cardunculus var. Scolymus Hayek L.), the phenolic content of E. foetidum 
leaves was approximately 7 times higher (1387 μg/g, d.b.).[32] The average consumption of total 
phenolic compounds and, more specifically phenolic acids, by the Brazilian population was reported 
to be 460.15 and 314 mg/day, respectively.[35] Based on this information, the ingestion of 30 g of 
E. foetidum leaves can contribute with ≈10.4% and 8.5% of the total phenolic compounds and phenolic 
acids, respectively.

Antioxidant capacity of Eryngium foetidum leaf extract

The methanolic extract of E. foetidum were able to scavenge both ABST and DPPH radicals. However, 
the leaf extract of E. foetidum showed low efficiency in removing ABTS●+ (15.77 ± 0.92 μM Trolox/g, 
FW) when compared to Arrabidaea chica leaves (86.81 TE/g, FW).[23] This is the first time that the 
scavenging capacity of E. foetidum leaf extract against ABTS●+ was reported. The methanolic extract of 
E. foetidum leaves may also be able to capture DPPH● with inhibition percentage of 91.60 ± 0.45% at 
the tested concentration of 0.06 μg/g, a value similar to that found for the extracts of E. foetidum leaves 
previously reported by Singh et al.,[7] (92.7%), but superior to the authors of a previous study 
(73.93%).[6]

ABTS●+ and DPPH● are stable, synthetic and non-biological free radicals; however, due to their 
chemical stability, sensitivity and operational ease in antioxidant capacity protocols, they are widely 
used in determining the in vitro antioxidant potential of isolated compounds or plant extracts from 
food samples.[36]

Regarding the 1O2-quenching capacity, the extract of E. foetidum leaves, at the studied 
concentrations, was efficient to inhibit tryptophan degradation, as induced by the photosensitiza-
tion reaction in the presence of methylene blue, showing excellent fitting to first order reaction, 
with a high determination coefficient (R2 = 0.99) (Figure 3a). According to Figure 3b, 1O2 was 
inhibited in a concentration-dependent manner and the extract of E. foetidum leaves presented an 
IC50 at 343.32 μg/mL with high percentage of protection (77.50%) at the highest tested concen-
tration (625 μg/mL). Quercetin (positive control) showed higher 1O2-quenching ability (IC50 of 
1.9 μg/mL) than the extracts of E. foetidum leaves. The extract of E. foetidum leaves was more 
effective against 1O2 than fruit extracts of Terminalia chebula (IC50 = 424.50 μg/ml) and Emblica 
officinalis (IC50 of 490.42 μg/ml).[37] However, it was less efficient than the artichoke extracts 
(IC50 = 20.5–30.1 μg/ml)[33] and for Caryocar villosum fruit extracts (IC50 = 156 μg/ml).[38]
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1O2 is an important ROS with high reactivity that can be found both in human body and in food 
systems. The formation of 1O2 can generate other physiological reactive species, such as alkyl (R•), 
alkoxyl (RO•), organic hydroperoxides (ROOH), superoxide anion (O2

•-), hydrogen peroxide (H2O2), 
hydroxyl radical (•OH) and peroxynitrite (ONOO−), and these ROS are often responsible for several 
biological deleterious effects.[39,40] Therefore, the investigation of plant extracts, such as E. foetidum, 
with high contents of bioactive compounds and high ability to inhibit 1O2 is highly desirable to 
support and stimulate deeper studies aiming the inhibition of the oxidation of biomolecules present in 
both the human body and food systems.

The high antioxidant potential of the E. foetidum leaf extract may be mainly attributed to the high 
contents of phenolic compounds in the hydrophilic extract (Table 2), which corroborates to the fact that 
the antioxidant action of phenolic compounds from plants is associated to the inhibition of the 
oxidizing effect of reactive species by delaying chain reactions and/or scavenging free radicals.[9,33] 

Chlorogenic acid was the major phenolic compound found in the extract of E. foetidum leaves, and 
epidemiological studies showed a positive association between the consumption of foods containing 
chlorogenic acid and health benefits.[41–43] These combined information makes Amazonian E. foetidum 
leaves an interesting plant source for research of food supplementation aiming increasing human health.

Importantly, the biological properties of chlorogenic acid, or any bioactive compound, depend on its 
bioavailability in the gut, which can be affected by several factors, such as the bioaccessibility of each 
compound, bioactive compounds–gut microbiota interactions, different mechanisms of absorption of 
water-soluble and lipid-soluble molecules, interactions with other nutrients, among others.[44] 

Pharmacokinetic studies involving chlorogenic acid and its metabolites suggest that they bound to 
human serum albumin and/or may be sequestered in tissues to exhibit its biological activity.[43]

The relevance of researches on bioactive constituents from plants is fully justified by the association 
that fruits, vegetables, and food legumes are therapeutic agents useful for treating a wide range of human 
disorders.[45] Regarding the application on food industries, the safety concerns regarding some synthetic 
antioxidants could be relieved with the use of natural plant extracts with high contents of bioactive 
compounds at lower concentrations. Thus, E. foetidum leaves can be seen as a dietary source of natural 
antioxidants with potential health benefits whose consumption should be stimulated.

Conclusion

All-trans-lutein and all-trans-β-carotene were the major carotenoids in E. foetidum leaves, while 
chlorogenic acid and a ferulic acid derivative were the major phenolic compounds. Amazonian 
E. foetidum leaves, besides its traditional use in cooking and folk medicine, may represent a valuable 

Figure 3. (a) Decay of the intensity of the absorbance of tryptophan in the presence of the methylene blue and extract of the 
Eryngium foetidum L. leaves and (b) percentage of inhibition of the1O2 as a function of the concentration of the extract of the 
Eryngium foetidum L. leaves. The experiments were carried out in four concentrations and n = 3 (Mean ± standard deviation).
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source of bioactive compounds with antioxidant properties, with undeniable nutraceutical value and 
great potential to be explored and used in the food, cosmetic and pharmaceutical industries. 
Furthermore, future systematic studies based on cellular antioxidant capacity assays should be applied 
to understand the protective effects of the bioactive compounds of this plant species on different 
oxidative/nitrosative stress pathways.
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