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Abstract
In this work we evaluated methanolic extracts from different parts (leaves, seeds, fruit peel and pulp) of Chamaerops humilis 
L. for antioxidant activity and the ability to inhibit enzymes linked with neurodegenerative diseases: acetylcholinesterase 
(AChE), butyrylcholinesterase (BChE) and tyrosinase (TYR). The total content of phenolics, flavonoids and condensed 
tannins was also determined. The antioxidant and inhibitory activities of the extracts varied significantly according to the 
tissue. Seed extracts showed the greatest ability to scavenge DPPH (IC50 = 81.28 µg mL−1) and ABTS (1440.42 µmolTE 
g−1extract ) and to reduce iron (1142.46 µmolAAE g−1extract ). Seed and peel extracts strongly inhibited AChE (IC50 = 660.16 
and 653.68 µg mL−1, respectively) and BChE (IC50 = 304.86 and 701.54 µg mL−1, respectively). The strongest inhibition of 
TYR was achieved by the seed and pulp extracts (268.97 and 279.99 µg mL−1, respectively). The highest levels of phenolics 
and condensed tannins were found in the seed extract (1564.88 µmolGAE g−1extract and 170.00 µmolcE g−1extract , respectively) 
whereas the leaf extract was the richest in flavonoids (139.88 µmolQE g−1extract ). HPLC-DAD analysis indicated the presence 
of flavonoids and phenolic acids (hydroxycinnamic acids) in the leaf and pulp extracts. A high correlation was found between 
the total condensed tannins content and the antioxidant and enzyme inhibition activities, suggesting these compounds are 
responsible for the biological activity of the extracts. Overall, our results indicate that C. humilis extracts may provide a new 
and alternative source of agents for medical and industrial applications.
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Introduction

Recent investigations have shown that many palm species 
contain high levels of health-promoting bioactive com-
pounds (Kang et al. 2012; Rezaire et al. 2014; Kchaou 
et al. 2016). Chamaerops humilis L. (Arecaceae) is a dwarf 
palm that grows on the European Mediterranean coast and 
in North Africa (Dufaÿ and Anstett 2004). C. humilis is 
the most northerly palm species in Europe and is also one 
of the most cold-tolerant (Giovino et al. 2014). The spe-
cies is cultivated in many Mediterranean countries as an 
ornamental because it is robust and has decorative charac-
teristics. Moreover, some components of the plant are con-
sumed as food and used in traditional medicine. The husk 
(higa) is eaten in southern Spain, the fruits in Morocco 
and the young suckers in Italy (Merlo et al. 1993; Haynes 
and Mc-Laughlin 2000). In Algeria, the spadices and the 
heart of the palm are used to treat several disorders of the 
digestive tract (Hasnaoui et al. 2013), whereas the leaves 
used in Morocco and Algeria for the treatment of diabetes 
(Bnouham et al. 2002; Hasnaoui et al. 2013), and the fruits 
used in several countries as an astringent agent due to their 
bitterness (Merlo et al. 1993).

The phytochemical properties of C. humilis are not well 
characterized although several studies have reported the 
presence of tannins, flavonoids, saponins, sterols, and ter-
penoids, which may explain its pharmacological effects 
(Benmehdi et al. 2012; Benahmed-Bouhafsoun et al. 2013; 
Hasnaoui et al. 2013). A more recent study showed that 
C. humilis seed oil is rich in bioactive compounds that are 
resistant to heat and oxidation (Nehdi et al. 2014). Leaf 
extracts also possess antioxidant activity and the ability to 
inhibit lipoxygenase (Benahmed-Bouhafsoun et al. 2013; 
Miguel et al. 2014).

Neurodegenerative diseases, particularly Alzheimer’s 
disease (AD) and Parkinson’s disease (PD), are major 
health problems especially in industrialized countries 
(Metzler-Baddeley 2007; Uc and Rizzo 2008). The patho-
genesis of AD includes the depletion of acetylcholine in 
the brain, and cholinomimetic drugs are therefore used 
to temporarily improve cognitive function (Francis et al. 
1999). Acetylcholinesterase (AChE) and butyrylcholinest-
erase (BChE) inhibitors are widely used for the treatment 
of AD because they slow down the rate of acetylcholine 
depletion. Tyrosinase (TYR), an enzyme that converts 
l-tyrosine to l-DOPA and oxidizes l-DOPA to form 
dopachrome, induces the production of melanin (Seo et al. 
2003). This pigment helps to prevent UV damage to the 
skin, hair and eyes, but excess production is associated 
with hyperpigmentation and neurodegenerative disorders 
such as PD. TYR is also responsible for browning in fruits 
and vegetables and therefore TYR inhibitors are frequently 

applied to plant-based foods. Concerns over the toxicity 
and side effects of synthetic inhibitors of these enzymes 
have led to the search for safe and effective inhibitors of 
natural origin (Zengin et al. 2015).

Oxidative stress is also involved in the pathogenesis of 
neurodegenerative disorders and other chronic diseases, but 
progression can be delayed by minimizing redox imbalances 
that generate reactive oxygen species (ROS). Antioxidants 
scavenge ROS and other free radicals and therefore plants 
rich in antioxidants could help to reduce the impact of age-
related chronic diseases (Krishnaih et al. 2007). Recent 
investigations have focused on the identification of plants 
rich in natural products that scavenge ROS and inhibit 
enzymes, because these may provide a natural therapeutic 
approach to prevent or manage diseases such as AD and PD. 
The aim of this work was to investigate the pharmacologi-
cal properties of C. humilis by evaluating the antioxidant 
and enzyme (AChE, BChE and TYR) inhibitory activities 
of methanolic extracts, and to ascertain if these activities 
vary with the part of the plant used (leaves, seeds, and fruits 
pulp and peel).

Materials and methods

Chemicals and reagents

We obtained 2,2′-azino-bis(3-ethylbenzothiazoline-6-sul-
phonic acid) (ABTS) tablets, ethanol, 2,2-diphenyl-1-pic-
rylhydrazyl (DPPH), methanol, trichloroacetic acid (TCA), 
K2S2O8, acetylthiocholine iodide (ATCI), butyrylthiocho-
line chloride (BTCI), 5,5′-dithiobis(2-nitrobenzoic acid) 
(DTNB), electric eel AChE (EC 3.1.1.7, type VIS), horse 
serum BChE (EC 3.1.1.8), mushroom TYR (EC 1.14.18.1), 
3,4-dihydroxy-l-phenylalanine (l-DOPA), quercetin, galan-
thamine hydrobromide and kojic acid from Sigma-Aldrich 
(Steinheim, Germany). Folin–Ciocalteu’s phenol reagent 
(F–C reagent), gallic acid, Na2CO3, AlCl3, CH3COONa 
and FeCl3 were acquired from VWR (Leuven, Belgium). 
K3[Fe(CN)6], 6-hydroxy-2,5,7,8-tetramethylchroman-2-car-
boxylic acid (Trolox) and butylated hydroxytoluene (BHT) 
were purchased from Acros Organics (Geel, Germany). For-
mic acid and methanol Lichrosolv were obtained from Merck 
(Darmstadt, Germany). We obtained 5-O-caffeoylquinic 
acid, catechin, luteolin-8-C-glucoside, apigenin-8-C-gluco-
side and apigenin-7-O-rutinoside from Extrasynthèse, and 
3-O-caffeoylquinic and 4-O-caffeoylquinic from Chengdu 
Biopurity Phytochemicals Ltd (Sichuan, China).

Plant material and extraction procedure

Chamaerops humilis leaves and ripe fruits were collected in 
September 2014 from plants growing wild in the Algarve 
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region (South Portugal). The plant was authenticated by JM 
Rosa Pinto from the herbarium of the University of Algarve 
(Faro, Portugal). The plant material (leaves, seeds, fruit peel 
and pulp) was dried at 40 °C until a constant weight was 
achieved (~ 48 h) and then powdered in a blender (mean par-
ticle size < 2 mm). Dried plant material was extracted twice 
by maceration with methanol for 24 h at room temperature. 
After filtration, the extracts were concentrated to dryness in a 
rotary evaporator at 40 °C under reduced pressure, and stored 
at – 20 °C.

Determination of the total phenolic content

The total phenolic content of the extracts was determined 
using the F–C colorimetric method (Ainsworth and Gillespie 
2007). Briefly, 200 µL of 10% (v/v) F–C reagent was mixed 
with 100 µL of plant extract in phosphate buffer (75 mM, pH 
7.0) before adding 800 µL of 700 mM Na2CO3. The reac-
tion was incubated for 2 h at room temperature. Gallic acid 
was used as a positive control and phosphate buffer as nega-
tive control. The absorbance was measured at 765 nm and the 
results were expressed as gallic acid equivalents per gram of 
extract (µmolGAE g−1extract).

Determination of the total flavonoid content

The total flavonoid content of each extract was measured using 
an adapted aluminum chloride colorimetric method (Woisky 
and Salantino 1998). The extracts and quercetin dilutions (500 
µL) were mixed with 80% ethanol (1500 µL), 1% AlCl3 (100 
µL), and 1 M CH3COONa (100 µL) and incubated for 30 min 
at room temperature. The absorbance was measured at 415 nm, 
and the results were expressed as quercetin equivalents per 
gram of extract (µmolQEg−1extract

 ).

Determination of the total condensed tannins 
content

The condensed tannins content of each extract was determined 
using the vanillin-HCl method (Broadhurst and Jones 1978) 
with modifications. Briefly, 1500 µL of vanillin reagent (4% 
w/v in methanol) was mixed with 250 µL extract and 750 µL 
concentrated HCl (37%). The extract samples, catechin dilu-
tions and blanks (with methanol) were incubated for 15 min. 
The absorbance was measured at 500 nm and the results were 
expressed in terms of catechin equivalents per gram of extract 
(µmolCE g−1extract).

Antioxidant activity

2,2′‑Azinobis(3‑ethylbenzothiazoline‑6‑sulphonic acid) 
(ABTS) radical cation decoloration assay

The ABTS free radical-scavenging activity of the extracts 
was evaluated as described by Re et al. (1999). A 7 mM 
stock solution of ABTS·+ was prepared using potassium per-
sulfate as the oxidizing agent. The absorbance was measured 
at 734 nm and the sample dilution that achieved 20–80% 
inhibition of the blank absorbance was selected to calcu-
late Trolox equivalent antioxidant capacity (TEAC) values. 
The results were expressed as trolox equivalents per gram 
of extract (µmolTE g−1extract).

2,2‑Diphenyl‑1‑picrylhydrazyl (DPPH) free 
radical‑scavenging assay

The capacity of the extracts to scavenge DPPH radicals 
was evaluated as described by Soler-Rivas et al. (2000) 
with some modifications. We mixed 100 µL DPPH (90 µM 
methanolic solution) with 10 µL extract at different con-
centrations in a 96-well microplate before diluting the mix-
ture with 190 µL methanol. The extract was replaced with 
methanol for the negative control and BHT was used as 
the reference antioxidant. The reduction of DPPH radicals 
was measured at 515 nm after 30 min incubation at room 
temperature. Radical-scavenging activity was expressed in 
terms of the amount of sample necessary to reduce the initial 
absorbance by 50% (IC50).

Ferric reducing antioxidant power (FRAP)

The reducing properties of the extracts were evaluated 
as described by Pulido et al. (2000) with slight modifica-
tions. The plant extract (100 µL) was mixed with 250 µL 
sodium phosphate buffer (200 mM, pH 6.6) and 250 µL 1% 
K3[Fe(CN)6]. The mixture was incubated for 20 min at 50 °C 
and centrifuged at 650 rpm for 10 min following the addition 
of 250 µL 10% TCA. In a clear 96-well microplate, 100 µL 
of the supernatant was diluted with 100 µL water and mixed 
with 20 µL 0.1% FeCl3. Phosphate buffer was used as the 
negative control and ascorbic acid as the positive control. 
The absorbance was measured at 700 nm to determine the 
reducing activity, and the results were expressed as ascorbic 
acid equivalents (µmolAAE g−1extract).

Enzyme inhibition

Cholinesterase (AChE and BChE) inhibition

The inhibition of AChE and BChE activity was measured 
according to Ellman et al. (1961). The following components 
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were mixed in the wells of a 96-well microplate: 3 mM 
DTNB, 15 mM substrate (ATCI or BTCI), 100 mM phos-
phate buffer (pH 8.0) and extracts at different concentrations. 
Galanthamine (standard inhibitor) was used as a positive 
control and buffer without extract as a negative control. 
AChE or BChE (0.28 U mL−1) was added and the absorb-
ance was measured at 405 nm for 5 min. The inhibitory 
activity was expressed as IC50 values (the concentration 
required to inhibit AChE or BChE activity by 50%).

Tyrosinase (TYR) inhibition

The inhibition of TYR was determined using the modified 
dopachrome method (Masuda et al. 2005). The following 
components were mixed with the extracts in the wells of a 
96-well microplate: 80 µL phosphate buffer (pH 6.8), 40 µL 
TYR, and 40 µL l-DOPA. The absorbance was measured at 
475 nm and the TYR inhibitory activity was expressed as 
percentage inhibition. Kojic acid was used as the reference.

High‑performance liquid chromatography‑diode 
array detection (HPLC‑DAD) analysis

The extracts were analyzed on an analytical HPLC unit 
(Gilson, Villiers le Bel, France), using a Spherisorb ODS2 
column (4.6 × 250 mm, 5 µm particle size). The solvent 
system was a gradient of water:formic acid (19:1) (A) and 
methanol (B), starting with 5% B and increasing to 15% B at 
3 min, 25% B at 13 min, 30% B at 25 min, 35% B at 35 min, 
45% B at 39 min, 45% B at 42 min, 55% B at 47 min, 75% 
B at 56 min, and 100% B at 60 min, at a solvent flow rate 
of 0.9 mL min−1. Products were detected using a Gilson 
Diode Array Detector (DAD). Spectral data from all peaks 
were collected in the range 200–400 nm. The data were pro-
cessed using Unipoint® system software (Gilson Medical 
Electronics, Villiers le Bel, France). The compounds in each 
extract were identified by comparing their retention times 
and UV–Vis spectra in the 200–400 nm range with authentic 
standards injected under the same conditions. Tricin-7-O-
rutinoside was quantified as apigenin-7-O-rutinoside and the 
other compounds were quantified as themselves.

Statistical analysis

All the experiments were carried out three times using trip-
licate samples. The data were presented as mean ± standard 
error and were processed by one-way analysis of variance 
(ANOVA). Significant differences between means were 
identified using Duncan’s New Multiple Range Test (p < 
0.05), and correlations were calculated using Pearson’s test. 
All statistical analysis was carried out using the SPSS sta-
tistical package for Windows v18.0 (SPSS Inc., Chicago, 
IL, USA).

Results and discussion

Biological activities

Antioxidant compounds play a vital role in preventing or 
delaying the progression of neurodegenerative diseases 
because they counteract the oxidative stress that produces 
free radicals (Tabet 2006). Lately there has been worldwide 
interest in finding antioxidants from natural sources because 
they can be more potent and less toxic than synthetic anti-
oxidants (Abdel-Hameed et al. 2014). Several plant extracts 
have been investigated as potential sources of natural anti-
oxidants (Nile et al. 2017; Suluvoy and Grace 2017). Here 
we tested the antioxidant activity of four C. humilis extracts 
(leaves, seeds, fruit peel and pulp). The capacity of each 
extract to scavenge free radicals was assessed using DPPH 
and ABTS assays, and the results are presented in Table 1. 
DPPH radical-scavenging activity, in which a hydrogen 
donor generates the reduced form (DPPH-H·), is used exten-
sively to screen for antioxidants. The seed extract showed 
the lowest IC50 value, indicating the strongest antioxidant 
activity (81.28 ± 1.79 µg mL−1). This extract also showed 
the strongest ability to scavenge ABTS·+ radicals, revealing 
that both lipophilic and hydrophilic substances with anti-
oxidant activity are present in the same extract (1440.42 ± 
49.88 µmolTE g−1extract ). The reducing capacity of a sample 
is also regarded as a significant indicator of its potential 
antioxidant activity. The ability of C. humilis extracts to 

Table 1   Antioxidant activity of Chamaerops humilis extracts determined using the 1,1-diphenyl-2-picrylhydrazyl (DPPH), 2,2 azino-bis(3- 
ethylbenzothiazloine-6-sulfonic acid) (ABTS) and ferric reducing antioxidant power (FRAP) assays

Values are expressed as means ± SE (n = 3). Values followed by different letters are significantly different at p < 0.05. Reference in DPPH assay, 
BHT: IC50 = 462.24 ± 0.03 μg mL−1

DPPH (IC50, µg mL−1) ABTS (µmolTE g−1extract) FRAP (µmolTE g−1extract)

Leaves 346.08 ± 12.63d 593.23 ± 9.80b 434.34 ± 13.71c

Peel 180.97 ± 6.49b 550.08 ± 20.14b 580.29 8.07b

Pulp 325.03 ± 10.81c 351.06 ± 11.99c 369.56 ± 22.91d

Seed 81.28 ± 1.79a 1440.42 ± 49.88a 1142.46 ± 23.24a
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reduce a ferricyanide/Fe3+ complex was quantified by meas-
uring the formation of a blue color at 700 nm, representing 
the ferrous ion. The values ranged from 369.59 ± 22.91 to 
1142.46 ± 23.24 µmolAAE g−1extract and indicated that the 
seed extract was the most potent reductant among the four 
samples. Although the antioxidant activity of C. humilis has 
been investigated before, only leaf extracts have been tested. 
Miguel et al. (2014) reported IC50 values of 0.035 ± 0.061 
and 0.035 ± 0.079 mg mL−1 using the DPPH and ABTS 
methods, respectively, with extracts prepared from leaf 
material collected in Morocco. Benahmed-Bouhafsoun et al. 
(2013) reported an IC50 of 180.71 ± 6.6 µg mL−1 in a DPPH 
assay, using leaf material collected in Algeria. The antioxi-
dant activity of C. humilis fruit extracts is described for the 
first time in this study, although fruit extracts from other 
palm species have been tested (Kang et al. 2012; Rezaire 
et al. 2014; Kchaou et al. 2016). Fruit extracts, particularly 
those obtained from the peel, displayed strong antioxidant 
activity in our three assays (Table 1).

The cholinergic neurotransmitter acetylcholine is depleted 
in AD patients and cholinesterase inhibitors have been 
shown to augment the activity of surviving cholinergic neu-
rons, improving the memory and cognition in AD patients 
(Massoud and Gauthier 2010). Furthermore, TYR plays 
an important role in the formation of neuromelanin in the 
human brain and catalyzes the transformation of tyrosine 
into dopaquinone, a neurotoxic substance associated with 
PD, making TYR inhibitors an attractive approach for the 
treatment of PD (Khan 2007). Table 2 shows the inhibi-
tory activities of C. humilis extracts against AChE, BChE 
and TYR. The seed extract was the most potent inhibitor 
of AChE (IC50 = 660.16 ± 21.94 µg mL−1), BChE (IC50 
= 304.86 ± 26.41 µg mL−1) and TYR (IC50 = 268.97 ± 
17.75 µg mL−1). Peel and pulp extracts were also able to 
inhibit cholinesterase and TYR activities, respectively 
(Table 2). In contrast, the leaf extract showed the lowest abil-
ity to inhibit all three enzymes (IC50 = 7005.82 ± 287.85, 
8358.87 ± 343.57 and 1633.62 ± 62.33 µg mL−1 for AChE, 

BChE and TYR, respectively). To the best of our knowl-
edge, the anti-cholinesterase and anti-TYR activities of the 
extracts studied herein have not been reported previously.

Bioactive compounds

Phenolic compounds are a group of plant compounds with 
biotechnological and industrial significance and are the 
major contributors to the diverse biological activities of 
plant extracts (Robards et al. 1999). The total phenolic con-
tent of the C. humilis extracts was determined, revealing val-
ues of 344.33 ± 11.82 to 1564.88 ± 29.91 µmolGAE g−1extract 
(Table 3). The highest phenolic content was found in the 
seed extract, and the lowest in the pulp extract. Flavonoids 
and tannins are widely distributed in the plant kingdom and 
they are also have diverse bioactive properties. We therefore 
measured the flavonoid and condensed tannin contents of the 
C. humilis extracts. The total flavonoid content ranged from 
19.48 ± 0.64 to 139.88 ± 2.38 µmolQE g−1extract (Table 3), 
with the highest flavonoid content found in the leaf extract, 
and the lowest in the pulp extract. In contrast, the highest 
level of total condensed tannins (170.00 ± 12.42 µmolCE 
g−1extract ) was found in the seed extract (Table 3).

HPLC-DAD analysis indicated the presence of flavonoids 
and phenolic acids (hydroxycinnamic acids) in the leaf and 
pulp extracts. The leaf extract contained three hydroxycin-
namic acids: 3-O-caffeoylquinic acid (compound 1, 3.27 ± 
0.24 mg g−1 dry extract), 4-O-caffeoylquinic acid (compound 
2, 4.81 ± 0.47 mg g−1 dry extract) and 5-O-caffeoylquinic 
acid (compound 3, 2.97 ± 0.15 mg g−1 dry extract). It also 
contained the flavonoids luteolin-8-C-glucoside (compound 
4, 3.88 ± 0.59 mg g−1 dry extract) and apigenin-8-C-gluco-
side (compound 5, 7.16 ± 1.06 mg g−1 dry extract) (Fig. 1; 
Table 4). Furthermore, compound 6 was the major com-
pound in the leaf extract (7.72 ± 0.99 mg g−1 dry extract) 
and a comparison with previously reported UV spectra 
allowed a tentative annotation as tricin-7-O-rutinoside (Hirai 
et al. 1986; Harborne et al. 1974). In the pulp extract, we 
identified 3-O-caffeoylquinic acid (0.18 ± 0.03 mg g−1 dry 

Table 2   Inhibitory activity of Chamaerops humilis extracts against 
acetylcholinesterase (AChE), butyrylcholinesterase (BChE) and 
tyrosinase (TYR) (IC50, µg mL−1)

Values are expressed as means ± SE (n = 3). Values followed by 
different letters are significantly different at p < 0.05. The standard 
inhibitor was galanthamine for AChE and BChE, and kojic acid for 
TYR​

AChE BChE TYR​

Leaves 7005.82 ± 287.85c 8358.87 ± 343. 57c 1633.62 ± 62.33c

Peel 653.68 ± 18.20a 701.54 ± 65.84a 747.46 ± 66.23b

Pulp 1486.37 ± 178.69b 1582.11 ± 185.26b 279.99 ± 26.87a

Seed 660.16 ± 21.94a 304.86 ± 26.41a 268.97 ± 17.75a

Standard 2.20 ± 0.04 11.70 ± 1.09 49.23 ± 0.70

Table 3   Total phenolic, flavonoid and condensed tannin contents of 
Chamaerops humilis extracts determined using the Folin–Ciocalteu 
(F–C), AlCl3 and vanillin-HCl assays, respectively

Values are expressed as means ± SE (n = 3). Values followed by dif-
ferent letters are significantly different at p < 0.05

Total phenolics 
(µmolGAE g−1extract)

Total flavonoids 
(µmolGAE g−1extract)

Total condensed 
tannins (µmolGAE 
g−1extract)

Leaves 591.88 ± 23.60b 139.88 ± 2.38a 38.75 ± 6.06c

Peel 567.59 ± 12.97b 26.91 ± 2.20c 111.46 ± 9.78b

Pulp 344.33 ± 11.82c 19.48 ± 0.64d 61.27 ± 5.12c

Seed 1564.88 ± 29.91a 42.92 ± 2.99b 170.00 ± 12.42a
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extract) and (+)-catechin (0.54 ± 0.13 mg g−1 dry extract). 
The preliminary chemical characterization therefore agrees 
with the data obtained using colorimetric methods (Table 3). 
Although phytochemical studies in C. humilis are scarce, 
the presence of tannins and flavonoids has been reported in 
methanolic extracts of leaves and fruits, as well as saponins 
and quinones in leaves (Benmehdi et al. 2012; Benahmed-
Bouhafsoun et al. 2013). Furthermore, the analysis of a 
methanolic leaf extract by GC/MS and FT-IR spectroscopy 

identified lucenin 2 (luteolin-6,8-di-C-glucoside), dasycarp-
idan-1-methanol, acetate (ester), 1,3-d-5-hexan-2-one-2, 
4-dinitrophenylhydrazone and 9-hexadecenoic acid as the 
most abundant compounds (Left et al. 2013).

We also evaluated the correlation between the total con-
tent of each class of bioactive metabolite, the antioxidant 
activity and the capacity to inhibit enzymes. We observed 
a strong correlation between the total phenolic content 
and antioxidant activity in all three assays (Table 5). Fur-
thermore, a significant correlation was observed between 
the total content of condensed tannins and both forms of 
biological activity (antioxidant and enzyme inhibition) 
suggesting that this group of compounds may play an impor-
tant role in the bioactivity of the extracts (Table 5). There 
was a strong correlation between the abundance of phenols 
and tannins (r = 0.824, p < 0.05), suggesting that the tannins 
are an important group of phenols in C. humilis extracts. 
Tannins are structurally diverse compounds that vary greatly 
in abundance within and among plant species (Zhang et al. 
2010) and demonstrate a wide range of biological effects 
including antioxidant and antimicrobial activities (Serrano 

Fig. 1   HPLC-DAD chro-
matogram of C. humilis leaf 
extract. Detection at 350 nm: 
(1) 3-O-caffeoylquinic acid; 
(2) 4-O-caffeoylquinic acid; 
(3) 5-O-caffeoylquinic acid; 
(4) luteolin-8-C-glucoside; 
(5) apigenin-8-C-glucoside; 
(6) tricin-7-O-rutinoside. AU 
arbitrary units

Table 4   Phenolic compounds identified in C. humilis leaf extract

Values are expressed as mean ± SD (n = 3)

Peak Compound RT (min) mg g−1 dry extract

1 3-O-Caffeoylquinic acid 9.81 3.27 ± 0.24
2 4-O-Caffeoylquinic acid 15.53 4.81 ± 0.47
3 5-O-Caffeoylquinic acid 17.53 2.97 ± 0.15
4 Luteolin-8-C-glucoside 30.19 3.88 ± 0.59
5 Apigenin-8-C-glucoside 32.47 7.16 ± 1.06
6 Tricin-7-O-rutinoside 46.31 7.72 ± 0.99

Table 5   Pearson’s correlation 
coefficients between assays

Data represents Pearson’s correlation coefficient R
TPC total phenolic content, TFC total flavonoid content, TCTC​ total condensed tannin content, DPPH 
1,1-diphenyl-2-picrylhydrazyl, ABTS 2,2 azino-bis(3-ethylbenzothiazloine-6-sulfonic acid), FRAP ferric 
reducing antioxidant power, AChE acetylcholinesterase, BChE butyrylcholinesterase, TYR​ tyrosinase
* p < 0.05
** p < 0.01

Total bioactive 
compounds

Antioxidant activity Enzyme inhibitory activity

DPPH ABTS FRAP AChE BChE TYR​

TPC − 0.825** 0.990** 0.976** − 0.289 − 0.327 − 0.325
TFC 0.457 − 0.018 − 0.208 0.956** 0.949** 0.899**
TCTC​ − 0.956** 0.806** 0.919** − 0.707* − 0.717** − 0.601*
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et al. 2009; Zhang et al. 2010). In addition to its important 
medical applications, the demand for tannins has increased 
due to their applications in leather tanning and glue produc-
tion (Sousa and Brito 2015).

Conclusion

Our investigation has shown that extracts from C. humilis, 
particularly seed extracts, have potent antioxidant activ-
ity and also the ability to inhibit AChE, BChE and TYR. 
There was a strong correlation between the total content of 
condensed tannins and both of these biological activities, 
suggesting that the presence of tannins may explain the bio-
logical effects of the extracts. Although more detailed phy-
tochemical investigations are required to identify the specific 
bioactive compounds in each extract, our results suggest that 
C. humilis could be developed as an important source of 
compounds for the treatment of global health problems such 
as neurodegenerative diseases.
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