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RESUMEN ESPAÑOL, p. 408
Nutritional and nutraceutical characteristics of white and red Pithecellobium
dulce (Roxb.) Benth fruits.
Abstract – Introduction. Pithecellobium dulce is a legume native to tropical America that pro-
duces edible arils which can be white or red. The plant is also grown in Asia and, to date, pre-
dominantly fruits produced in Asia have been the subject of scientific studies. We studied white
and red arils produced in America. Materials and methods. White aril and red aril fruits were
evaluated in an array of reagent-based assays to determine nutritional and nutraceutical prop-
erties. Results and discussion. White arils and red arils showed similar physicochemical char-
acteristics, with high content of vitamin C (79.7–82.6 mg·100 g–1 fresh weight) and dietary fiber
(5.83–6.12% fw). The anthocyanin content of red arils (29.5 mg·100 g–1 fw, as cyanidin-3-glu-
coside equivalents) was similar to that of strawberry. Total phenolics (517 mg·100 g–1 fw, as gal-
lic acid equivalents) and antioxidant activities (ABTS, 224 mg; DPPH, 223 mg, as vitamin
C equivalents) of red arils were 1.3 times higher than those in white arils. The methanolic
extract of red arils showed a higher α-glucosidase inhibition (IC50 2.9 mg·mL–1) than acarbose
(IC50 4.9 mg·mL–1). The methanolic extract [(50, 100 and 500) µg per tube] of red and white arils
showed positive-strong antimutagenic activities (inhibition in the range 25–70%) in the assay
(Salmonella typhimurium YG1024 strain, 1-nitropyrene as mutagen, 200 ng per tube). We are
reporting for the first time remarkably high characteristics (i.e., antioxidant, inhibition of α-amy-
lase and α-glucosidase and content of dietary fiber) of P. dulce fruits, mainly of the red ones;
properties which combined permit us to suggest that consumption of these fruits could have
beneficial health effects in people with diabetes.

Mexico / Pithecellobium dulce / fruits / proximate composition / nutritive value /
physicochemical properties / antioxidants / enzyme inhibitors / antimutagens

Caractéristiques nutritionnelles et nutraceutiques des fruits de Pithecello-
bium dulce (Roxb.) Benth. blancs et rouges.
Résumé – Introduction. Pithecellobium dulce est une légumineuse originaire d’Amérique tro-
picale qui produit des arilles comestibles qui peuvent être blancs ou rouges. La plante est éga-
lement cultivée en Asie et, à ce jour, ce sont principalement les fruits produits en Asie qui ont
fait l’objet d’études scientifiques. Nos recherches ont porté sur les arilles blancs et rouges de
fruits produits en Amérique. Matériel et méthodes. Des fruits à arilles blancs et rouges ont été
évalués dans une série de tests à base de réactifs pour déterminer leurs propriétés nutrition-
nelles et nutraceutiques. Résultats et discussion. Les arilles blancs et rouges ont montré des
caractéristiques physico-chimiques similaires, à haute teneur en vitamine C [de (79,7 à
82,6) mg·100 g–1 de poids frais] et en fibres alimentaires (de 5,83 % à 6,12 % pf). La teneur en
anthocyanes des arilles rouges (29,5 mg·100 g–1 pf, en équivalents cyanidine-3-glucoside) a été
similaire à celle de la fraise. Les phénols totaux (517 mg·100 g–1 pf, en équivalents d’acide gal-
lique) et les activités antioxydantes (ABTS, 224 mg ; DPPH, 223 mg, en équivalents de vita-
mine C) des arilles rouges ont été 1,3 fois plus élevés que ceux des arilles blancs. L’extrait
méthanolique des arilles rouges a montré une inhibition de l’α-glucosidase supérieure (CI50
2,9 mg·mL–1) à celle de l’acarbose (CI50 4,9 mg·mL–1). L’extrait méthanolique [(50, 100 et 500) mg
par tube] des arilles rouges et blancs a montré de fortes activités antimutagènes (inhibition dans
la gamme 25 % à 70 %) lors de l’essai (souche Salmonella typhimurium YG1024, 1-nitropyrène
comme mutagène, 200 ng par tube). Nous mentionnons pour la première fois les caractéris-
tiques remarquablement élevées (antioxydantes, inhibition de α-amylase et de α-glucosidase et
de la teneur en fibres alimentaires) des fruits de P. dulce, principalement de ceux à arille
rouges ; les propriétés combinées nous permettent de suggérer que la consommation de ces
fruits pourrait avoir des effets bénéfiques sur la santé des personnes atteintes de diabète.

Mexique / Pithecellobium dulce / fruits / composition glopale / valeur nutritive /
propriété physicochimique / antioxydant / inhibiteur d'enzyme / antimutagène
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1. Introduction

The consumption of fruits and vegetables is
important for reducing the risk of chronic
degenerative diseases [1]. These foods con-
tribute vitamins, minerals, dietary fiber and
a wide range of phytochemicals (e.g., phe-
nolics, pigments) with nutraceutical prop-
erties (e.g., antioxidant, anticarcinogenic
and antihyperglycemic) [1,2]. The benefi-
cial effects of a balanced diet are well
known; however, food-related diseases are
the main causes of death worldwide. In
Mexico, the leading causes of mortality are
cardiovascular diseases (51.9%), cancer
(28.2%) and diabetes (20.6%) [3].

Pithecellobium dulce is commonly
known as guamuchil in Sinaloa (México)
and as monkeypod in the United States of
America [4]. It is an arboreous tree; a legume
of up to 20 m high which is widely distrib-
uted in the tropical areas of Mexico and
America. This plant was initially introduced
into the Philippines and then into India,
where it was first described in 1795 [5]. In
Mexico P. dulce has many traditional uses,
such as medical, food, animal feed and tim-
ber [6]. Pithecellobium dulce leaves contain
compounds with potential for diabetes
treatment, whereas seeds have protease
inhibitors and saponins with anti-inflamma-
tory properties [7]. The monkeypod fruit is
a pod composed of sweet edible arils cov-
ering black seeds; depending on the tree,
arils are white or red. Reports about the
nutritional and nutraceutical composition of
these fruits are scarce and most of them are
studies with fruits collected from Asia,
where it is an introduced tree. Pithecello-
bium dulce arils are a good source of vita-
min C (120–140 mg·100 g–1), thiamine
(222 μg·100 g–1) and pectin (4–5%) but they
have low content of calcium (13 mg·100 g–1),
phosphorus (54 mg·100 g–1) and iron
(1.4 mg·100 g–1) [6–8]. The edible portion of
P. dulce shows antioxidant, hepatoprotec-
tive and better inhibitory activity of the H+,
K+-ATPase pump than omeprazole, a drug
commonly used for gastritis treatment [9,
10]. Ellagic acid, gallic acid, mandelic acid,
rutin, quercitrin, naringenin and kaempferol
are the principal phenolics in the arils [10].
Most of the published studies about P. dulce

arils did not specify the color of their fruits
and so the nutritional/nutraceutical differ-
ences associated with this characteristic
were impossible to establish. Thus, the main
goal of our research was to evaluate the
chemical/nutritional, antioxidant, antihy-
perglycemic (inhibition of α-glucosidase
and α-amylase) and antimutagenic charac-
teristics of P. dulce red and white arils.

2. Materials and methods

2.1. Plant material

White and red ripe P. dulce fruits were col-
lected in the municipalities of Culiacan and
Navolato, Sinaloa, Mexico. White and red
arils were recovered from the pods, meas-
ured with a caliper (GENERAL, Switzerland)
and weighed. Fresh material was used for
evaluation of the physicochemical parame-
ters. Arils were freeze-dried, milled and
sieved through a number 40 mesh screen
(particles smaller than 0.420 mm). The
resulting aril flour was stored at –20 °C in
plastic bags in darkness until use.

2.2. Phytochemical analyses

Phytochemicals were identified in tube
assays: tannins, reactions with FeCl3 (10%),
gelatin, gelatin-NaCl and NaCl; flavonoids,
using Mg/HCl; alkaloids, reactions with
Mayer’s, Wagner’s or Dragendorff’s rea-
gents; saponins, by the foam formation test;
triterpenes and/or sterols, the Liebermann-
Burchard or Salkowski reactions; volatile
coumarins, using paper chromatography
and 5% KOH; reducing sugars, by Tollens’
reagent; and free anthracenics, using 5%
NaOH or magnesium acetate. Thin layer
chromatography (TLC) was used for con-
firmatory tests [11].

2.3. Physicochemical parameters

These parameters were determined by stand-
ard methodologies [12]: soluble solids by
using an Abbé refractometer (Milton Roy Co.,
CA, USA); and pH and titratable acidity (0.1 N
NaOH) with a digital potentiometer (Orion
Research Corp., Cambridge, MA, USA).
Fruits, vol. 68 (5)
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2.4. Proximate composition,
starch and dietary fiber

Moisture, lipids, ash and crude fiber were
determined by the AOAC methodologies
[12]. Protein determination was carried out
by the micro-Kjeldahl method using the fac-
tor 6.25. Carbohydrates were calculated by
difference: carbohydrates = (100 – moisture
– proteins – lipids – ash). Dietary fiber and
starch were measured with commercial kits
[“dietary fiber, total” and “starch (GO/P)
assay”, respectively] distributed by Sigma
(Sigma-Aldrich Co., St. Louis, MO, USA).

2.5. Vitamin C

Vitamin C was determined by HPLC, as
described by Gökmen et al. [13], using Agi-
lent 1100 equipment with a DAD detector
(Agilent Technologies, Palo Alto, CA, USA)
and a SPHEROCLONE ODS (2) column
(250 mm × 4.6 mm × 5 µm) (Phenomenex,
Torrance, CA, USA). The mobile phase was
25 mM monobasic phosphate and detection
was carried out at 254 nm.

2.6. Mineral analyses

Samples for mineral analyses were prepared
as described by Alcántar-González and San-
doval-Villa [14]. Briefly, fruit samples (0.5 g)
were digested overnight in 10 mL concen-
trated HNO3. Then, concentrated HClO4
(1.5 mL) and concentrated H2SO4 (2 mL)
were added; the mixture was heated starting
with a low temperature (100–120 °C), in
order to reach a complete oxidation, fol-
lowed by progressive temperature incre-
ments up to 300 °C. The digestion was
complete when samples showed a clear and
transparent color. Mineral content was eval-
uated with an atomic absorption spectrom-
eter (SpectrAA-220: Varian Inc., Palo Alto,
CA, USA), as previously reported [15].

2.7. Fatty acid profile

Fatty acids were extracted and esterified as
recommended by Park and Goins [16], with
slight modifications. Nonadecanoic acid
(C19:0; SUPELCO Inc., Germany) was used

as an internal standard and trimethylsilyl
chloride for the esterification reaction. Anal-
ysis was done with a GC HP 6890 Series II
Plus coupled with a Selective Mass Detector
5973N (Agilent Technologies, Palo Alto, CA,
USA) and a Quadrex series 007 column
(30 m×0.25 mm internal diameter × 0.25 μm)
(Quadrex Corp., Woodbridge, CT, USA).

2.8. Total phenolics

Total phenolics were determined as
described by Waterhouse [17]. The aril flour
(1 g) was mixed with 10 mL of methanol-
water (8:2 v/v) and sonicated for 15 min; the
mixture was filtered, the liquid recovered
and residue re-extracted as described;
recovered liquids were made up to 100 mL
with distilled water. Twenty µL of the extract
(standard or blank) were mixed with
1.58 mL of deionized water and 0.1 mL of
Folin-Ciocalteu reagent; the mixture was
allowed to stand for 3 min; a saturated
sodium carbonate solution (0.3 mL) was
added; the mixture was incubated for 2 h
and absorbance was measured at 765 nm
(Spectronic® 20 Genesys™, Spectronic
Instruments Inc., Rochester, NY, USA).
Results were expressed as gallic acid equiv-
alents (GAE) in 100 g of fresh weight of fruit
(mg GAE·100 g–1 fw).

2.9. Total flavonoids

Fruit extract was prepared as described in
section 2.8 [18]. Total flavonoids were quan-
tified by reaction with AlCl3. The extract
(0.25 mL) was mixed with 1.25 mL of
deionized water and 0.075 mL of 5% solu-
tion of sodium nitrite; the mixture was
allowed to stand for 5 min, 0.15 mL of AlCl3
was added, then it was allowed to stand for
6 min and mixed with 0.5 mL of 1 M NaOH
and 0.275 mL of deionized water. Absorb-
ance was measured at 510 nm and results
were expressed as quercetin equivalents
(QE) (mg QE·100 g–1 fw).

2.10. Condensed tannins

Samples (0.2 g) were extracted with meth-
anol (10 mL) by sonication, as described in
Fruits, vol. 68 (5
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section 2.8. Condensed tannins were eval-
uated by reaction with vanillin (0.5%) in HCl
(4% in methanol) as described by Price
et al. [19]. Briefly, the extract (1 mL) was
mixed with 5 mL of vanillin (1 mL·min–1)
and incubated (30 °C for 20 min). Absorb-
ance was measured at 500 nm and results
were expressed as (+)- catechin equivalents
(mg CE·100 g–1 fw).

2.11. Anthocyanins

Anthocyanins were determined as described
by Giusti and Wrolstad [20]. Aril flour (1 g)
was extracted with 20 mL of methanol acid-
ified with 1% of concentrated HCl; the sam-
ple was sonicated for 10 min; the solution
was recovered by filtration and the residue
re-extracted; the liquid phases were mixed
and used for the analysis: an aliquot of
0.4 mL was mixed with 1.6 mL of pH 1 KCl
buffer or with pH 4.5 CH3COOK buffer;
solutions were allowed to stand for 15 min
and absorbance (A) readings were obtained
at 530 and 700 nm, using distilled water as
the blank. Sample absorbance (AS) was cal-
culated as [AS = (A530–A700)pH 1 – (A530–
A700)pH 4.5]. Anthocyanins were determined
as: [anthocyanins (mg·L–1) = (AS × MW × DF ×
1000) / (ε ×1)], where: MW = molecular
weight of cyanidin-3-glucoside (449.2 g·
mol–1), DF = dilution factor (for this assay,
DF = (2 / 0.4) = 5) and ε = molar absorptiv-
ity of cyanidin-3-glucoside (26900 mol·L–1).
Results were expressed as cyanidin-3-gluco-
side equivalents (mg C3GE·100 g–1 fw).

2.12. Preparation of the methanolic
extracts

Methanolic extracts of P. dulce arils were
used to evaluate the following activities:
antioxidant, inhibition of α-amylase and α-
glucosidase, and antimutagenic.

Aril flour (1 g) was mixed with 20 mL of
methanol, sonicated for 10 min, centrifuged
(20,000 g, 10 min, 4 °C), the supernatant
was recovered, the pellet was re-extracted
one more time, and both supernatants were
combined. An aliquot of the supernatant
was taken to evaluate the antioxidant activ-
ity and the other part was concentrated at

39 °Cunder vacuum (Büchi Waterbath B-48,
Brinkmann Instruments Inc., Westbury, NY,
USA) to obtain the methanolic extract which
was stored at –20 ºC in darkness until use.

2.13. Antioxidant activity

2.13.1. ABTS assay

The ABTS [2,2'-azino-bis(3-ethylbenzothia-
zoline-6-sulfonic acid)] radical was generated
by mixing 7 mM ABTS with 2.5 mM potas-
sium persulfate; the mixture was allowed to
stand in darkness for 16 h at room tempera-
ture, then it was diluted with phosphate-buff-
ered saline, pH 7.4, to get an absorbance
reading of 1 to 1.2 at 734 nm [21]. For the
assay, methanolic extract (50 µL), or meth-
anol as control, and ABTS radical (1.95 mL)
were mixed and incubated in darkness
(37 °C for 10 min) and readings were taken
at 734 nm [21]. Antioxidant activity (AA) was
calculated as percentage of discoloration of
the ABTS radical: {%AA = [(AC–AS) / AC] ×
100}, where AC and AS were the absorbances
for the control and the sample, respectively.
Results were expressed as vitamin C equiv-
alents (mg VCE·100 g–1 fw).

2.13.2. DPPH assay

The antioxidant activity was determined by
the DPPH (2,2-diphenyl-1-picrylhydrazyl)
method as recommended by Lim et al. [22]
with slight modifications. The methanolic
extract (0.2 mL) was mixed with 1.8 mL of
the DPPH radical (150 µM in ethanol); the
mixture was incubated in darkness (room
temperature for 30 min) and absorbance
was measured at 517 nm. Quantification
was done as described in section 2.13.1.

2.14. α-Glucosidase inhibition

Inhibitory activity of α-glucosidase was car-
ried out as described by Pinto et al. [23] with
slight modifications. In 96-well plates, one
hundred µL of Saccharomyces cerevisiae α-
glucosidase (1 U per mL in phosphate-buff-
ered saline (PBS), pH 6.9) and 50 µL of
methanolic extract at different concentra-
tions in PBS, or acarbose as the positive con-
trol, were mixed and incubated at 37 °C for
Fruits, vol. 68 (5)



Characteristics of Pithecellobium dulce
10 min; then, fifty µL of nitrophenyl-glucop-
yranoside (5 mM in PBS) were added and the
mixture was incubated (37 °C for 10 min).
Readings were taken at 405 nm and the per-
centage of α-glucosidase inhibition (αGI)
was calculated as {%αGI = [(AC–AS) / AC] ×
100}, where AC and AS were the absorbances
for the control and sample, respectively;
fifty µL of solvent instead of extract were
used as control. Additionally, sample inter-
ferences were corrected by using a blank,
which was prepared by mixing 100 µL of
enzyme, 50 µL of extract and 50 µL of PBS.
The amount of sample required to achieve
50% of enzyme inhibition (IC50) was calcu-
lated using the GraphPad Prism Inc. v. 5.03
software (La Jolla, CA, USA).

2.15. α-Amylase inhibition

The α-amylase inhibition (αAI ) was deter-
mined as described by Kim et al. [24] with
slight modifications. The starch hydrolysis
was screened in sterile Petri dishes contain-
ing 1.5% of agar and 1% of starch. In each
plate, three paper-sterile discs (Whatman 1,
6 mm) were placed on agar; then, ten µL of
extract per disc [(10, 1 and 0.1) µg·mL–1,
which correspond to (100, 10 and 1) µg of
extract per disc] and 10 µL per disc of
human-saliva α-amylase (10 U·mL–1) (Sigma-
Aldrich Co., St. Louis, MO, USA) were
added. Petri dishes were incubated (37 °C
for 72 h) and flooded with iodine solution
(5 mM I2 in 3% KI). As a negative control,
PBS, pH 6.9, was used instead of the
extract. The αAI was calculated as the
reduction (%) in the inhibitory halo of α-
amylase: {%αAI = [(DC–DS) / DC] × 100};
where DC and DS were the diameters for the
halos of the control and sample, respec-
tively. Acarbose was used as a control.

2.16. Antimutagenic activity

Pithecellobium dulce methanolic extract
was dissolved in dimethyl sulfoxide
(DMSO) and its activity against the muta-
genicity of 1-nitropyrene (1-NP) on Salmo-
nella typhimurium YG1024 was determined
as described by Kado et al. [25].

A dose-response curve for 1-NP muta-
genicity was prepared (0–250 µg per tube).
Toxicity/mutagenicity of the evaluated
extracts was determined and those with a
negative result were assayed for antimuta-
genicity. An extract was considered toxic if
it induced a significant reduction or muta-
genic if it increased the spontaneous rever-
sion more than two times.

A cocktail was prepared by mixing water,
disodium hydrogen phosphate buffer
(0.2 M, pH 7.4), KCl-MgCl2 1.65 M–0.4 M,
0.1 M NADP and 1 M glucose-6-phosphate
(1155:1500:60:120:15 v/v). In sterile glass
culture tubes (10 mm × 100 mm) kept on
ice, 95 µL of cocktail, 100 µL of bacteria (1 ×
1010 cells·mL–1 in PBS), 10 µL of extract
(100, 50, 10 and 5) µg·µL–1, values equiva-
lent to (1000, 500 and 100) µg per tube,
respectively) or DMSO as control, and 5 µL
of 1-NP (40 µg·µL–1, 200 µg per tube) were
mixed; the mixture was incubated in dark-
ness with vigorous shaking for 90 min
(37 °C). Tubes were placed in an ice bath
and removed one at time and the content
of every one of them was mixed with 2 mL
of soft agar containing 90 nmol of histidine
and biotin. Tubes were vortex-mixed and
poured onto minimal glucose plates. Plates
were incubated in darkness at 37 °C for
48 h, colony revertants were counted and
antimutagenic activity was determined as
percentage inhibition of the mutagenicity of
1-NP. Each assay was done in triplicate for
two independent experiments.

2.17. Statistical analysis

The results are presented as the average of
at least three independent experiments. Stat-
graphics Plus version 5 (Statpoint Technol-
ogies Inc., Warrington, VA, USA) was used
for the variance analyses and to establish sta-
tistical differences by Fisher’s test (α = 0.05).

3. Results and discussion

3.1. Phytochemical analysis

The same types of metabolites were identi-
fied in white and red arils of Pithecellobium
Fruits, vol. 68 (5
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dulce (table I); however, the concentrations
of tannins, flavonoids and saponins were
higher for the red arils [9]. Previously, sterols
were reported for P. dulce arils, contrasting
with our finding of their absence in the
white and red arils studied.

3.2. Physicochemical and nutritional
analyses

The white and red arils studied showed sim-
ilar average weight and size but a higher var-
iability was registered for the white arils
(table II). In general, the size was similar to
that reported for white P. dulce fruits
(20 mm) [4]. Pithecellobium dulce arils were
sweet and slightly acidic; apparently, the
acidity for the red arils was slightly higher,
characterized by a lower pH than that of
white arils but without significant differences
in acidity. Contrasting results were reported
previously; red arils showed higher acidity
(4.8%) than that of white arils (2.4%) [9].

Proximate composition was similar for
white arils and red arils, but white arils
showed a high level of ash (table II). For
both arils, the content of proteins was higher
than the value previously reported (0.7%),
whereas their values for moisture and car-
bohydrates were similar; 77.9% and 19.9%,
respectively [7]. The energy values for both
arils were similar to that of cherimoya
(Annona cherimoya) (75 kcal·100 g–1 fw)
and banana (Musa acuminata Colla)
(89 kcal·100 g–1 fw) [26]. Pithecellobium
dulce arils could be considered as a low-
energy food, diet consumption of 100 g con-
tributing less than 5% of the recommended
caloric intake [27]; the fruits showed an

almost null content of starch, and, remark-
ably, their dietary fiber (table II) was higher
than in commonly consumed fruits (e.g.,
apples, 2.45%: mango, 1.6%; orange, 2.4%;
guava, 5.4%) [26]. A 100-g portion of
P. dulce arils contributes 17% for men and
24% for women of the recommended daily
intake of dietary fiber [27]. A relationship
between the consumption of fiber-rich
foods and a decreased risk for coronary
heart diseases, diabetes, obesity and certain
types of cancer has been identified. In addi-
tion to their health benefits, fibers improve
the texture and stability of foods; thus,
researchers and food producers are inter-
ested in new sources of dietary fiber [28].
The content of vitamin C was higher in
white arils than in red arils (table II); the
consumption of a 100-g portion could con-
tribute about 90% and 100% of the suggested
daily intake for men and women, respec-
tively [27]; however, the reported values
were lower than those previously published
(120–140 mg·100 g–1) [7, 8]. Both arils were
good sources of potassium and copper, and
their concentrations were higher in red arils
(table II). The main fatty acids in both white
arils and red arils were stearic, palmitic and
oleic, whereas their concentrations of essen-
tial fatty acids (linoleic and linolenic) were
low considering the recommended daily
intakes (linoleic 11–17 g per day, linolenic
1.1–1.6 g per day) [27].

3.3. Phenolics and antioxidant
activity

The content of phenolics in red arils was
1.32 higher than that in white arils,

Table I.
Phytochemical analysis of Pithecellobium dulce arils in Mexico. Alkaloids,
triterpenes and/or sterols, volatile coumarins and free anthracenics were absent.

Metabolite Reaction of or with White arils Red arils

Tannins 10% FeCl3 Present Abundant

Gelatin Present Abundant

Gelatin/NaCl Present Abundant

NaCl Absent Absent

Flavonoids Mg/HCl Present Present

Saponins Foam formation test Present Abundant

Reducing sugars Tollens Present Present
Fruits, vol. 68 (5)
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corroborating previous results [29], as well
as tannins, flavonoids and antioxidant activ-
ity (table III). Total phenolic values of red
arils and white arils were higher than those
of other tropical fruits (e.g., papaya, 28 mg·
100 g fw; orange, 75 mg·100 g fw; guava,
139-178 mg·100 g fw) [22].

Vitamin C interferes with total phenolic
determination by the Folin-Ciocalteu assay;
vitamin C reactivity is 66.2% of the gallic acid
reactivity [30]. Pithecellobium dulce arils had
a vitamin C content of about 80 mg·100 g–1

fw (table II) and its contribution to their total
phenolic content is lower than 13%, with
52.96 mg GAE·100 g–1 fw (table III). Based
on the vitamin C instability, this calculation
must be higher than the real value since vita-
min C was measured in fresh fruits and total
phenolics in dried aril flours. In general,
phenolics are abundant in plants and the
Folin-Ciocalteu assay gives a good estima-
tion of the total phenolic content in these
organisms [30].

The anthocyanin content of red arils was
similar to that of red currants (Ribes rubrum,
12.14–22.06 mg·100 g–1 fw) [31], cranber-
ries (Vaccinium macrocarpon, 19.8–
65.6 mg·100 g–1 fw) and strawberries (Fra-
garia × anannasa, 20.07–39.08 mg·100 g–1

fw) [32]. The antioxidant activity for the
methanolic extract of red arils was 1.30 and
1.44 times higher than that of white arils,
measured by the DPPH and ABTS assays,
respectively; this ratio was similar to that
found for total phenolics. By the DPPH
assay, antioxidant activity of red arils was
higher than that in other tropical fruits [e.g.,
dragon fruit and guava with (13.5 and
218) mg vitamin C Eq·100 g–1 fw], but it was
lower for the white arils [22]. In the evaluation

of antioxidant activity by the ABTS method,
activity of red arils and white arils was higher
than that reported for Opuntia fruits (13–
33 mg vitamin C Eq·100 g–1 fw) [33] and
lower than that of different prune varieties
(Prunus domestica, 258–604 mg vitamin C
Eq ·100 g–1 fw) [34].

3.4. Inhibition of α-glucosidase
and α-amylase

The activities of α-glucosidase (αGI) and α-
amylase (αAI) were evaluated for the meth-
anolic extract of both arils (red and white
arils). The αGI and αAI values of red arils
were higher than those of white arils
(table IV). For αGI, activities of both arils
were higher than those obtained with dif-
ferent strawberry varieties (IC50 approxi-
mately 20 mg·mL–1) [23], measured by the
same protocol. The IC50 value for αGI of the
methanolic extract of red arils was 1.6 times
lower than that of acarbose; this means a
higher activity for the red arils, as less meth-
anolic extract than acarbose was required to
get similar glucosidase inhibition. The IC50

values for ethanolic extracts of sorghum va-
rieties and acarbose are similar [24], being
less active than the methanol extract of red
arils. Only red arils exhibited αAI at 100 µg
per disc; this value was about three times
lower than that of acarbose (table IV). It has
been reported that phenolic-rich fruits can
be good inhibitors of the enzymes involved
in carbohydrate digestion [2]. Fractions en-
riched in anthocyanins obtained from fruits
show good inhibitory activity of α-glucosi-
dase, whereas those high in tannins are bet-
ter against α-amylase [35]. On the other
hand, Wiese et al. have shown a high affinity

d antioxidant activity of Pithecellobium dulce arils in Mexico (results were calculated
sh weight basis, values are the mean ± standard deviation of three measurements).

Phenolics Antioxidant activity

Total flavonoids
mg Eq quercetin)

Tannins
(mg Eq catechin)

Anthocyanins
(mg Eq cyanidin-3-glucoside)

DPPH ABTS

(mg vitamin C)

50.0 ± 2.7 a 148.2 ± 48 a < 1 a 170.9 ± 14 a 155.9 ± 14 a

86.6 ± 9.5 b 309.2 ± 49 b 25.9 ± 0.5 b 223.4 ± 12 b 224.8 ± 16 b

show significant differences.
Table III.
Phenolic compounds an
per 100 g of arils on a fre

Aril

Total phenolics
(mg Eq gallic acid) (

White 392.2 ± 5 a

Red 517.8 ± 42 b

Different letters between rows
Fruits, vol. 68 (5)
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between anthocyanins and the salival α-amy-
lase [36]. Consequently, the αGI and αAI of
the red arils could be associated with their
high content of anthocyanins and tannins.

It has been established that use of inhib-
itors of glucosidase (e.g., acarbose) reduces
postprandial hyperglycemia, delays the risk
of progression of diabetes by 36% and
reduces cardiovascular accidents by 49%
[37]. Postprandial hyperglycemia induces
several physiological conditions such as oxi-
dative stress, increment in the concentration
of inflammation factors, high cardiac fre-
quency and endothelial dysfunction, among
others [38]. It has been suggested that com-
bination of glucosidase inhibitors and anti-
oxidants is a good therapeutic/preventive
option for the conditions mentioned [39].
The methanolic extracts of P. dulce red arils
showed high αGI and antioxidant activity;
these properties substantiate their consump-
tion as a good preventive/therapeutic strat-
egy for people at risk for type 2 diabetes;

additionally, the high dietary fiber of
P. dulce fruits could be important to poten-
tiate the health benefits mentioned.

3.5. Antimutagenic activity

The methanolic extracts of red arils and
white arils were toxic at 1000 µg per tube for
Salmonella typhimurium YG1024, reducing
the number of spontaneous revertants by
approximately 40% (data not shown); at
lower concentrations (500, 100 and50 µgper
tube), methanolic extracts were neither toxic
nor mutagenic. Thus, the antimutagenicity of
both methanolic extracts was evaluated up
to 500 µg per tube. The methanolic extracts
of red and white arils showed a dose-
response activity against 1-nitropyrene
mutagenicity (red arils 25.6% – 65.3%; white
arils 30.7% – 70.9%) (table V); by consider-
ing the classification of Wall et al. [40], meth-
anolic extracts were strong antimutagens at
500 µg per tube. Nitroaromatic compounds
are classified as carcinogens; 1-nitropyrene

Table IV.
Inhibitory activity of the methanolic extracts of Pithecellobium dulce arils against α-gluc
(%) in Mexico (values are the mean ± standard deviation of three measurements). Ac
positive control.

Aril α-glucosidase
IC50 (mg·mL–1)

α-amylase (%)

Extract concentration in µg

100 10

White 16.7 ± 7.0 a 0 a 0 a

Red 2.9 ± 0.1 b 33.3 ± 4.7 b 0 a

Acarbose 4.9 ± 0.9 c 100 c 41.3 ± 11.9 b

Different letters between rows show significant differences.

Table V.
Inhibition (%) of the 1-nitropyrene (200 ng per tube) mutagenicity by the meth
Pithecellobium dulce arils in Mexico (values are the mean ± standard deviation of three

Aril Concentration of methanolic extract (µg per tube

50 100

White 30.7 ± 11.8 a 40.8 ± 11.3 a

Red 25.6 ± 5.3 a 40.3 ± 10.0 a

The tester strain was Salmonella typhimurium YG1024.
Different superscript letters between rows show significant differences.
The number of spontaneous revertants was 35 ± 8 and that of the induced revertants was 402 ± 84.
Fruits, vol. 68 (5
osidase and α-amylase
arbose was used as a

per disc

1

0 a

0 a

8.0 ± 2.7 b

anolic extracts of the
measurements).

)

500

70.9 ± 1.9 a

65.3 ± 2.8 b
) 405
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is considered a public health concern since
it has been found in foods [41]. The anti-
mutagenic activities for the methanolic
extracts of both types of P. dulce fruits (at 500
and 100 µg per tube) were higher than those
reported for the same concentrations of an
aqueous extract of Randia echinocarpa
fruits, showing 32% – 53% and 5% – 17%,
respectively [42], and for a phenolic extract
of Phaseolus vulgaris seeds (35% inhibition
at 500 µg per tube) [43].

4. Conclusions

The Pithecellobium dulce white and red arils
showed a similar phytochemical profile and
nutritional composition (e.g., proteins, lip-
ids, fiber and vitamin C). However, the best
nutraceutical characteristics (e.g., phenolics,
antioxidant activity and inhibitory activities
of α-amylase and α-glucosidase) were found
for red aril fruits; this is the first report of
these properties. The remarkably nutraceu-
tical characteristics of red arils, combined
with their high content of dietary fiber, per-
mit us to suggest that consumption of these
fruits could provide health benefits, e.g., for
prevention or treatment of chronic degen-
erative diseases such as diabetes, in addition
to their nutritional contribution.

It is well known that fruit composition is
influenced by geographic and environmen-
tal factors. Thus, future studies must be done
in order to establish the locality and harvest-
ing season effects on the composition and
biological activities registered for the
P. dulce fruits. Moreover, in vivo studies are
required to demonstrate the nutraceutical
contribution of P. dulce fruit consumption.

Acknowledgments

The authors acknowledge the financial sup-
port provided by the following Mexican
institutions: Consejo Nacional de Ciencia y
Tecnología (CONACyT), Consejo Estatal de
Ciencia y Tecnología de Sinaloa (COECYT),
Programa de Fomento y Apoyo a Proyectos
de Investigación de la Universidad
Autónoma de Sinaloa (PROFAPI), and Dr.
José Ángel López-Valenzuela of the Fac-
ultad de Ciencias Químico Biológicas de la
Universidad Autónoma de Sinaloa for criti-
cal reading of the manuscript.

References

[1] Kaur C., Kapoor H.C., Antioxidants in fruits
and vegetables - the millennium's health, Int.
J. Food Sci. Technol. 36 (2001) 703–725.

[2] Pinto M.S., Shetty K., Health benefits of ber-
ries for potential management of hyperglyce-
mia and hypertension, in: Flavor and health
benefits of small fruits, ACS Symp. Ser., Am.
Chem. Soc., Wash. D.C., U.S.A., 2010.

[3] Anon., The global burden of disease: 2004
update, World Health Organ. (WHO), Switz.,
2008.

[4] Pennington T.D., Sarukhán J., Árboles tropi-
cales de México. Manual para la identifica-
ción de las principales especies, Univ. Nac.
Autón. Méx., Fac. Cienc. Econ., Méx. D.F.,
2005.

[5] Parrotta J., Pithecellobium dulce (Roxb.)
Benth. Guamuchil, USDA For. Serv., South.
For. Exp. Stn., Inst. Trop. For., New-Orleans,
La., U.S.A., 1991.

[6] Monnroy R., Colín H., El guamúchil Phithe-
cellobium dulce (Roxb.) Benth, un ejemplo
de uso múltiple, Madera Boques 10 (2004)
35–53.

[7] Sagumaran M., Vetrichelvan T., Pithecello-
bium dulce Benth - a review, Pharm. Rev. 6
(2008).

[8] Gambhir N.V., Bhaskar V.V., HTPLC analysis
of vitamin C from Pithecellobium dulce,
Benth (Fabaceae), J. Pharm. Res. 4 (2011)
1197–1198.

[9] Manna P., Bhattacharyya S., Das J., Ghosh
J., Sil P.C., Phytomedicinal role of Pithecello-
bium dulce against CCl(4)-mediated hepatic
oxidative impairments and necrotic cell
death, Evid. Based Complement Altern.
Med. (2011) 1–17.

[10] Megala J., Geetha A., Free radical-scaven-
ging and H+, K+-ATPase inhibition activities
of Pithecellobium dulce, Food Chem. 121
(2010) 1120–1128.

[11] Harborne J.B., Phytochemical methods,
Chapman and Hall, N. Y., U.S.A., 1984.

[12] Anon., Official methods of analysis, Assoc.
Off. Anal. Chem. Inc. (AOAC), Va., U.S.A.,
1990.

[13] Gökmen V., Kahraman N., Demir N., Acar J.,
Enzymatically validated liquid chromatogra-
phic method for the determination of ascor-
bic and dehydroascorbic acids in fruit and
vegetables, J. Chromatogr. A 881 (2000)
309–316.
Fruits, vol. 68 (5)



Characteristics of Pithecellobium dulce
[14] Alcántar-González G., Sandoval-Villa M.,
Procedimientos analíticos, in: Alcántar-Gon-
zález G., Sandoval-Villa M. (Eds.), Manual de
análisis químicos de tejido vegetal, Soc.
Mex. Cienc. Suelo, A.C., Méx., D.F., 1999.

[15] Pío-León J.F., López-Angulo G., Paredes-
López O., Uribe-Beltran M.d.J., Díaz-Camacho
S.P., Delgado-Vargas F., Physicochemical,
nutritional and antibacterial characteristics of
the fruit of Bromelia pinguin L., Plant Foods
Hum. Nutr. 64 (2009) 181–187.

[16] Park P.W., Goins R.E., In situ preparation of
fatty acid methyl esters for analysis of fatty
acid composition in foods, J. Am. Oil Chem.
Soc. 59 (1994) 1262–1266.

[17] Waterhouse A.L., Determination of total phe-
nolics, in: Wrolstad R.E., Acree T.E., An H.,
Decker E.A., Penner M.H., Reid D.S.,
Schwartz S.J., Shoemaker C.F., Smith D.M.,
Sporns P. (Eds.), Current protocols in food
analytical chemistry, John, Wiley & Sons,
Inc., Hoboke,; New-Jersey, U.S.A., 2002.

[18] Wolfe K., Wu X., Liu R.H., Antioxidant activity
of apple peels, J. Agric. Food Chem. 51
(2003) 609–614.

[19] Price M., van Scoyoc S., Butler L., A critical
evaluation of the vanillin reaction as an assay
for tannin in sorghum grain, J. Agric. Food
Chem. 26 (1978) 1214–1218.

[20] Giusti M., Wrolstad R.E., Characterization
and measurement of anthocyanins by UV-
visible spectroscopy, in: Wrolstad R.E.,
Acree T.E., An H., Decker E.A., Penner M.H.,
Reid D.S., Schwartz S.J., Shoemaker C.F.,
Smith D.M., Sporns P. (Eds.), Current proto-
cols in food analytical chemistry, John, Wiley
& Sons, Inc., Wash., D.C., U.S.A., 2002.

[21] Liu L.X., Sun Y., Laura T., Liang X.F., Ye H.,
Zeng X.X., Determination of polyphenolic
content and antioxidant activity of kuding-
cha made from Ilex kudingcha C.J. Tseng,
Food Chem. 112 (2009) 35–41.

[22] Lim Y.Y., Lim T.T., Tee J.J., Antioxidant pro-
perties of several tropical fruits: A compara-
tive study, Food Chem. 107 (2007) 1003–
1008.

[23] Pinto M.S., Kwon Y.I., Apostolidis E., Lajolo
F.M., Genovese M.I., Shetty K., Functionality
of bioactive compounds in Brazilian
strawberry (Fragaria × ananassa Duch.) culti-
vars: evaluation of hyperglycemia and hyper-
tension potential using in vitro models, J.
Agric. Food Chem. 56 (2008) 4386–4392.

[24] Kim J.S., Hyun T.K., Kim M.J., The inhibitory
effects of ethanol extracts from sorghum,

foxtail millet and proso millet on α-glucosi-
dase and α-amylase activities, Food Chem.
124 (2011) 1647–1651.

[25] Kado N.Y., Langley D., Eisenstadt E., A
simple modification of the Salmonella liquid
incubation assay. Increased sensitivity for
detecting mutagens in human urine, Mutat.
Res. 121 (1983) 25–32.

[26] Anon., USDA nutrient database for standard
reference, Release 22, USDA, Dep. Agric.,
Agric. Res. Serv., Wash., D.C., U.S.A., 2009.

[27] Anon., Food and nutrition information cen-
ter: dietary reference intakes, FNB/FNIC,
Food Nutr. Board, Wash., D.C., U.S.A., 2010.

[28] Elleuch M., Bedigian D., Roiseux O., Besbes
S., Blecker C., Attia H., Dietary fibre and
fibre-rich by-products of food processing:
Characterisation, technological functionality
and commercial applications: A review, Food
Chem. 124 (2001) 411–421.

[29] Rao G.N., Nagender A., Satyanarayana A.,
Rao D.G., Preparation, chemical composi-
tion and storage studies of quamachil (Pithe-
cellobium dulce L.) aril powder, J. Food Sci.
Tech. Mysore. 48 (2011) 90–95.

[30] Everette J.D., Bryant Q.M., Green A.M.,
Abbey Y.A., Wangila G.W., Walker R.B., Tho-
rough study of reactivity of various com-
pound classes toward the Folin-Ciocalteu
reagent, J. Agric. Food Chem. 58 (2010)
8139–8144.

[31] Nour V., Trandafir I., Ionica M.E., Ascorbic
acid, anthocyanins, organic acids and mine-
ral content of some black and red currant
cultivars, Fruits 66 (2011) 353–362.

[32] Szajdek A., Borowska E.J., Bioactive com-
pounds and health-promoting properties of
berry fruits: a review, Plant Foods Hum. Nutr.
63 (2008) 147–156.

[33] Cayupán Y.S., Ochoa M.J., Nazareno M.A.,
Health-promoting substances and antioxi-
dant properties of Opuntia sp. fruits.
Changes in bioactive compound contents
during ripening process, Food Chem. 126
(2011) 514–519.

[34] Rop O., Jurikova T., Mlcek J., Kramarova D.,
Sengee Z., Antioxidant activity and selected
nutritional values of plums (Prunus domestica
L.) typical of the White Carpathian Mountains,
Sci. Hortic. 122 (2009) 545–549.

[35] McDougall G.J., Shipiroo F., Dobson O.,
Smith P., Blake A., Stewart D., Different poly-
phenolic components of soft fruits inhibit α-
amylase and α-glucosidase, J. Agric. Food
Chem. 53 (2005) 2760–2766.
Fruits, vol. 68 (5
) 407



408

J.F. Pío-León et al.
[36] Wiese S., Gärtner S., Rawel H.M., Winterhal-
ter P., Kulling S.E., Protein interactions with
cyanidin-3-glucoside and its influence on α-
amylase activity, J. Sci. Food Agric. 89
(2009) 33–40.

[37] Delorme S., Chiasson J.L., Acarbose in the
prevention of cardiovascular disease in sub-
jects with impaired glucose tolerance and
type 2 diabetes mellitus, Curr. Opin. Pharm.
5 (2005) 184–189.

[38] Cariello A., Cardiovascular effects of acute
hyperglycaemia: pathophysiological under-
pinnings, Diab. Vasc. Dis. Res. 5 (2005) 260–
268.

[39] Raju B.C., Tiwari A.K., Kumar J.A., Ali A.Z.,
Agawane S.B., Saidachary G., Madhusa-
dana K., α-Glucosidase inhibitory antihyper-
glycemic activity of substituted chromenone

derivatives, Bioorg. Med. Chem. 18 (2010)
358–365.

[40] Wall E.E., Wani M.C., Hughes T.J., Taylor H.,
Plant antimutagenic agents, 1. General
bioassay and isolation procedures, J. Nat.
Prod. 51 (1988) 866–873.

[41] Purohit V., Basu A.K., Mutagenicity of nitroa-
romatic compounds, Chem. Res. Toxicol. 13
(2000) 673–692.

[42] Santos-Cervantes M.E., Ibarra-Zazueta
M.E., Loarca-Piña G., Paredes-López O.,
Delgado-Vargas F., Antioxidant and antimu-
tagenic activities of Randia echinocarpa fruit,
Plant Foods Hum. Nutr. 62 (2007) 71–77.

[43] González de Mejía E., Castaño-Tostado E.,
Loarca-Piña G., Antimutagenic effects of
natural phenolic compounds in beans,
Mutat. Res. 441 (1999) 1–9.

Características nutricionales y nutracéuticas de los frutos de Pithecellobium
dulce (Roxb.) Benth. blancos y rojos.

Resumen – Introducción. Pithecellobium dulce es una leguminosa originaria de la América
tropical que produce vainas comestibles que pueden ser blancas o rojas. La planta se cultiva
también en Asia y, actualmente, son principalmente las frutas producidas en Asia las que son
objeto de estudios científicos. Nuestras investigaciones se centraron en las vainas blancas y
rojas de los frutos producidos en América. Material y métodos. Los frutos de vainas blancas
y rojas se evaluaron en una serie de pruebas basadas en reactivos para determinar sus propie-
dades nutricionales y nutracéuticas. Resultados y discusión. Las vainas blancas y rojas mos-
traron características físico-químicas similares, con alto contenido en vitamina C [de (79,7 a
82,6) mg·100 g–1 de peso fresco] y en fibras alimentarias (de 5,83 % a 6,12 % pf). El contenido
en antocianos de las vainas rojas (29,5 mg·100 g–1 pf, en equivalentes de cianidina-3-gluco-
sida) fue similar al de la fresa. Los fenoles totales (517 mg·100 g–1 pf, en equivalentes de
ácido gálico) y las actividades antioxidantes (ABTS, 224 mg; DPPH, 223 mg, en equivalentes
de vitamina C) de las vainas rojas fueron 1,3 veces mayores que en las vainas blancas. El
extracto metanólico de las vainas rojas mostró una inhibición de α-glucosidasa superior (CI50
2,9 mg·mL–1) a la de la acarbosa (CI50 4,9 mg·mL–1). El extracto metanólico [(50, 100 y 500)
µg por tubo] de las vainas rojas y blancas mostró positive-fuertes actividades antimutagénicas
(inhibición de entre el 25% y el 70%) durante el ensayo (cepa Salmonella typhimurium
YG1024, 1-nitropireno como mutágeno, 200 ng por tubo). Mencionamos por primera vez las
características especialmente elevadas (antioxidantes, inhibición de α-amilasa y de α-glucosi-
dasa y contenido en fibras alimentarias) de los frutos de P. dulce, sobre todo aquellos de vai-
nas rojas; las propiedades combinadas nos permiten deducir que el consumo de estos frutos
podría tener efectos beneficiosos en la salud de los diabéticos.

México / Pithecellobium dulce / frutas / composición proximal / valor nutritivo /
propiedades fisicoquímicas / antioxidantes / inhibidores de enzimas /
antimutágeno
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