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ABSTRACT

There is an increasing interest in food plant with health-giving effects. The aim of this research was to evaluate the
phytochemical and nutraceutical profiles of Cyclanthera pedata fruits, a native fruit of the Andean region used by Incas
communities called achojcha. Soluble protein (SP), total sugar (TS), free phenolic compounds (FPC), ascorbic acid
(AA), total monomeric anthocyanin (TMA), condensed and hydrolizable tannin (CT, HT) were evaluated by sprectro-
photometric methods in fresh fruits with and without heating and in flour obtained from fruits. Multielemental composi-
tion by ICP-MS was done. Antioxidant activity (AOA) was determined by ABTS and Linoleic acid-f-carotene meth-
ods. The inhibitory capacity of LOX, a pro-inflammatory enzyme was also analyzed. The achojcha fresh fruits and
achojcha flour showed low amount calories. The flour was high in potassium (7400 mg-K/100 g) and low in sodium (77
mg Na/100 g). High levels of FPC (670 mg GAE/100 g) were found together with elevated levels of AA (123 mg AA/
100 g). The TMA (0.6 mg C3-GE/100 g) as well as HT (3.4 mg PB2E/100 g) were also detected in flour. All prepa-
rations obtained with fresh and dried fruits showed AOA with SCs, values between 1.8 to 14.5 ng GAE/mL. Inhibitory
capacity on LOX was also demonstrated (ICs, values of 40 pg GAE/mL). The fresh fruits and flour showed nutraceuti-
cal characteristics that are demanded by functional food and could be used as dietary supplement.
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1. Introduction vated by the Incas who used its fruits as food [3-6]. The
fruit is a berry (10 - 20 cm length) with irregular surface,
soft spines and longitudinal grooves. Its color varies from
dark green to white. The mesocarp (edible part) is thin
and succulent. The endocarp is white and fluffy. Its seeds
are roughly quadrangular and rough black. Actually, the
“achojcha” fruits are largely used in South America to
make salad or soup for their medicinal properties popu-
larly attributed, such as anti-inflammatory, hypoglycemic
and hypocholesterolemic [7]. It thus represents an exam-
ple of a plant used for medicinal purposes, and can ap-
propriately be considered within the above-described con-
text of food plant with health-giving effects. For this rea-

South America offers a wide diversity of plants and uni-
que seasonal crops mainly due to the presence of natural
areas such as the Andean mountains or the Amazon rain-
forest. Several scientific reports have pointed out the the-
rapeutic potential of certain food plants from Andean
mountains such as “maca” (Lepidium meyenii) [1] and
“yacon” (Smallantus sonchifolius) [2] have been linked
to multi-pharmacological properties. Cyclanthera pedata
Schrad is of South American origin, where it is known by

”, “achocha”, “caygua”,

the common name of “achojcha”,
“caihua”, “achuqcha” (quechua name). It is thought to be

EE N1
native to the Andean region or “Sierra”, and was culti-
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son, C. pedata has a commercial interest in the functional
food market. The nations involved in promoting the diffu-
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sion of this species are Peru, Ecuador (in particular the
southern part), Bolivia, Colombia, Venezuela and north
of Argentina. Fruits and seeds are rich in cucurbitacins,
which are important as chemotaxonomic markers [8]. A
number of studies have highlighted the presence of sa-
ponins [9,10] in fruits and seeds and O- and C-glycosides
of chrysin and apigenin in fruits [6,11]. It was recently
described inhibitory activity of angiotensin I-converting
enzyme (ACE) [12]. The aim of this research was to eva-
luate the phytochemical and nutraceutical profiles of Cy-
clanthera pedata fruits (fresh fruits with and without
heating) and in flour obtained from them by lyophiliza-
tion process.

2. Materials and Methods
2.1. Plant Material

The fruits of C. pedata (Figure 1(a)) were purchased in
local markets in the province of Jujuy, Argentina. A vou-
cher sample is deposited in the Muestrario de Plantas
utiles de la Cétedra de Botanica Sistematica y Fitogeo-
grafia de la Facultad de Ciencias Agrarias, Universidad
Nacional de Jujuy (M-CBSF-072).

2.2. Product Derived from Fresh Ripe Fruits

Extractions without heating: Fresh fruits (100 g) were
homogenized with 100 mL of distilled water in a blender
during 20 minutes. Then the preparation was filtered
through Whatman N°4 paper. The filtrate was named
aqueous extract (AE) without heating. The residues were
extracted with 96% ethanol during 24 h at room tem-
perature. Then, the preparation was filtered through What-
man N°4 paper. The extract was named as maceration
(M) without heating.

Extraction with heating: Fresh fruits (100 g) were de-
cocted in 100 mL of distilled water for 20 min. The deco-
ction was left to cool at room temperature and filtered
through Whatman N°4 filter paper. The extracted mate-
rial was named AE with heating. The residues were ex-
tracted with 96% ethanol for 20 min at 70°C and then
were filtered through Whatman N°4 filter paper. The ex-
tract was named as M with heating.

The extraction yield was calculated as % phenolic

A
b
hi

5;;

ol
ak IEii '
M
i I 3
l"liiil“‘ I!||||
i |I|

= L=

T . . TR LI
[ -

= . -

l '

Figure 1. (a) “Achojcha” fruits, (b) “Achojcha” fruits flour.
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compounds per 100 g of fruits dry weight.

2.3. Extracts Obtained from Flour (Lyophilized
Fruits)

Ripe fruits were lyophilized to obtain flour from “acho-
jcha” (Figure 1(b)).

Acetone-water extract (AWE): Flour (1 g) was extrac-
ted with 10 mL acetone: water (70:30, v:v) in an ultraso-
nic bath for 30 min at room temperature and then centri-
fuged at 9000 x g during 10 min. The suspension obtain-
ed was filtered and the remaining solids were extracted
exhaustively with the same solvent system. All organic
extracts were combined and the acetone was evaporated,
then the final volume was adjusted to 5 mL. After that, a
fraction was subjected to acid hydrolysis by adding sul-
furic acid (2N) to the aqueous fraction. The solution was
maintained at 100°C during 26 h.

Ethanolic extract (EE): Flour (1 g) was extracted with
12.5 mL ethanol 96% in an ultrasonic bath for 30 min at
room temperature and then centrifuged at 9000 x g dur-
ing 10 min. The suspension obtained was filtered and the
remaining solids were extracted exhaustively with the
same solvent system. All organic extracts were combined,
evaporated and the final volume adjusted to 5 mL.

2.4. Chemical Composition Determination

2.4.1. Sugar

Sugar extraction: Flour (1 g) or fresh fruits (1 g) was ex-
tracted with ethanol 80% (4 mL) at 75°C during 10 min
and then centrifuged at 9000 % g during 5 min [13]. The
remaining solids were extracted exhaustively with the
same solvent system. All organic extracts were combined
and then evaporated.

Sugar determination: The phenol-sulphuric acid me-
thod [14] was used to determine total neutral sugars in
aqueous and ethanolic preparations. Reducing sugars were
measured using the Somogyi-Nelson method [15,16]. Re-
sults were expressed as g of glucose (GE)/100 g dry
weight.

2.4.2. Protein

Soluble protein concentration in all preparations was de-
termined by the method of Bradford [17] using bovine
serum albumin (BSA) as standard. Results were express-
ed as mg of BSA/100 g dry weight (mg BSA/100 g DW).
The total Nitrogen (N) content of lyophilized fruits was
determined by Kjeldahl method [18]. Crude protein con-
tent was calculated as % N x 6.25.

2.4.3. Total Polyphenols and Non-Flavonoid Phenols

Total phenolic content of the samples was determined us-
ing the Folin-Ciocalteu reagent [19]. Results were ex-
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pressed in mg of gallic acid equivalents per 100 g dry
weight (mg GAE/100gDW). Non-flavonoid phenols were
measured by determination of total phenol content re-
maining after precipitation of the flavonoids with acidic
formaldehyde [20]. Results are expressed in mg GAE/
100 g DW.

2.4.4. Flavones and Flavonols

The AICI; method [21] was used for the determination of
the flavones and flavonols content of the fruit extract. 0.5
mL of ethanolic 2% AICl;-6H,0 was added to equal vo-
lumes of each extract. The mixture was shaken and the
absorbance read at 420 nm after 60 min incubation at
room temperature. Flavonoid content was expressed as
mg quercetin (Q) equivalents per 100 g dry weight (mg
QE/100 g DW).

2.4.5. Flavanone and Dihydroflavonols

Flavanone and dihydroflavonol content was determined
using DNP in acid media according to Popova et al. [22].
An aliquot of each extract sample was diluted with 96°
ethanol to a volume of 0.25 mL. Next, 0.5 mL of DNP
solution (1 g DNP in 2 mL 96% sulfuric acid, diluted to
100 mL with methanol) was added and heated at 50°C
for 50 min. After cooling to room temperature, 0.3 mL of

the previous mixture was diluted to 1 mL with 10% KOH.

The resulting solution was centrifuged at 1500 X g for 10
min and 0.25 mL of the supernatants was diluted to 1.5
mL with methanol. Absorbance was measured at 492 nm.
Flavanone and dihydroflavonol content was estimated
using a calibration curve of naringenin with a concen-
tration range of 30 - 120 pg. Results were expressed as
mg naringenin equivalent per 100 g dry weight (mg
NGE/100 g DW).

2.4.6. Proanthocyanidins

The total proanthocyanidins (PACs) content was deter-
mined with 4-dimethylaminocinnamaldehyde (DMAC)
according to Prior ef al. [23]. 450 pL of DMAC solution

(0.1% in acidified ethanol) was added to 150 pL of AWE.

The absorbance was measured at 640 nm after 20 min at
25°C. Data were expressed as mg of procyanidin B2
equivalents per 100 g dry weight (mg PB2E/100 g DW).

2.4.7. Gallotanins

The AWE (2 mL) was first hydrolyzed with 4 mL of 2 N
H,S0O, at 100°C for 26 h and the gallic acid released was
determined with the rhodanine method [24]. The hy-
drolyzed AWE (HAWE) and non hidrolyzed AWE were
dried under nitrogen and resuspended in 200 pL of 0.2 N
H,SO,. Two hundred uL of 0.2 N H,SO4 and 300 pL rho-
danine (0.667% methanol) were added to the diluted ex-
tracts. After 5 min, 200 puL of 0.5 N potassium hydroxide

Copyright © 2013 SciRes.

and 4 mL distilled water were added and the absorbance
at 520 nm was determined. Gallotannin concentrations
were expressed as mg gallic acid equivalents per 100 g
dry weight (mg GAE/100 g DW).

Gallotanins (mg GAE) = GHAWE -GAWE

where GHAWE is the amount of gallic acid present in
HAWE and GAWE is the amount of gallic acid present
in the sample without hydrolysis.

2.4.8. Total Monomeric Anthocyanins (TMA)

Flour (1 g) was extracted with 5 mL 1% HCI in methanol
overnight at 5°C and then filtered through Whatman N°1
filter paper and the remaining solids were extracted three
times with the same solvent. All extracts were combined,
vacuum-concentrated and resuspended with 5 mL MILLIQ
water to obtain the total monomeric anthocyanin extract
(TMA).

Total anthocyanins were evaluated by the pH diffe-
rential method [25]. The TMA in 25 mM potassium chlo-
ride solution (pH 4.5) and 400 mM sodium acetate buffer
(pH 1.0) were measured simultaneously at 520 nm and
700 nm, respectively. The content of total anthocyanins
was expressed as mg cyanidin-3-glucoside equivalents
per 100 g of dry weight (mg C3-G E/100 g DW).

2.4.9. Total Carotenoids

Samples (1 g flour) were extracted with 10 mL of hex-
ane:acetone: ethanol (50:25:25, v/v). After centrifugation
at 13000 x g for 10 min at 4°C, the top hexane layer was
recovered and the absorbance was measured at 450 nm.
Total carotenoid content was calculated as mg of
p-carotene equivalents per 100 g of dry weight (g f-CE/
100 g DW), [26].

2.4.10. Ascorbic Acid

Flour (0.5 g) were extracted with 1.35 mL of H;PO, 2%
according to Barros er al. [27]. After centrifuging at
12,000 x g for 10 min, the supernatant was reserved to
determine the ascorbic acid content using 2.6 dichloroin-
dophenol sodium salt hydrate (IDF). Different dilutions
was added to 125 pL of sodium acetate buffer 400 mM,
pH 4; 40 pL of IDF and distilled water until 1 mL. After
mixing, the absorbance was measured at 515 nm. Vita-
min C was calculated and expressed as mg L-ascorbic
acid per 100 g dry weight (mg L-AA/100 g DW).

2.4.11. Elemental Analyses

The analysis was carried out by quadrupole inductively
plasma mass spectrometry (Q-ICPMS). A Thermo-Ele-
mental X7 series (Thermo Fisher Scientific, Bremen, Ger-
many), equipped with an ASX-100 autosampler model
(CETAC Technologies, Omaha, NE), was used (Instituto
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Superior de Investigacion Desarrollo y Servicios en Ali-
mentos, ISIDSA).

2.5. Measurement of Antioxidant Capacity

2.5.1. ABTS Free Radical Scavenging Activity

The antioxidant capacity assay was carried out by the
improved ABTS®" method [28]. The ABTS*®" solution (7
mM ABTS and 2.45 mM potassium) was diluted to ob-
tain an absorbance of 0.70 at 734 nm in ethanol (for EE),
in acetone/water (for AWE) or in buffer PBS pH 7.4 (for
AE). ABTS®" solution (1 mL) was added to AE, AWE
and EE (1 to 30 pg GAE/mL) or commercial antioxidant
(BHT, AA and Q) and mixed thoroughly. Absorbance was
recorded at 734 nm during 6 min. The concentration of
“achojcha” extract required to scavenge 50% of ABTS®".
(SCsp values) was calculated as pg GAE/mL

2.5.2. p-Carotene Bleaching Assay

Antioxidant activity was determined using the system
linoleic acid-p-Carotene [29]. The initial absorbance at
470 nm was registered at zero time (t;) and during 120
min. Antioxidant activity (AA%) was calculated as per-
cent inhibition relative to control without “achojcha” ex-
tract. ICs, values denote the pg GAE/mL required to in-
hibit 50% pf-carotene bleaching.

2.6. Anti-Inflammatory Activity of “Achojcha”
Flour

Lipoxygenase Enzyme Assay

Lipoxygenase (LOX) activity was determined using a
spectrophotometric method, based on the enzymatic oxi-
dation of linoleic acid to the corresponding hydropero-
xide [30]. The reaction mixture contained substrate (50
puM linoleic acid in 0.2 M borate buffer pH 9), enzyme
(0.9 nM soy LOX-1, Sigma-Aldrich) and different con-
centrations of “achojcha” extracts. A control without ex-
tracts was realized. Absorption at 234 nm was recorded
as a function of time during 4 min. The concentration of
“achojcha” extract that produce 50% inhibition of hydro-
peroxide-release (ICs) was calculated from the concen-
tration-inhibition response curve by regression analysis.
Caffeic acid was used as reference anti-inflammatory
compounds.

3. Results
3.1. Nutritional Values of “Achojcha” Fruits

Fruits are most commonly consumed raw; however, their
jams and liquors are also prepared to preserve them for
longer periods of time. Physicochemical changes may
occur during processing fruits that affect the functional

Copyright © 2013 SciRes.

properties. Preparations simulating domestic processing
from fresh fruits, an aqueous preparation without and
with cooked (by boiling during 20 min) and an alcoholic
beverage with and without heating and lyophilized fruits
(achojcha flour) were evaluated to determine the impact
of processing on the chemical composition and its poten-
tial health benefits.

Sugar contents in fresh fruit were significantly higher
in aqueous preparation than in tincture. The total carbo-
hydrate and reducing carbohydrates were low (0.52% and
0.57%, respectively) as well as soluble protein (0.031%
and 0.023%) (Table 1). The content of sugar and pro-
teins was not affected by heating. The contained of total
sugar and reducing sugar in flour was 4.74 g/100 g and
3.12 g/100 g of flour, respectively. The total protein con-
tent was of 0.4%. According with these results, the “ach-
ojcha” fresh fruits and “achojcha” flour showed low ca-
lories and could be incorporated in the hypocaloric diet.
The mineral elements composition of “achojcha” flour
was determined. The “achojcha” flour was high in potas-
sium (7400 mg K/100 g) and low in sodium (77 mg Na/
100 g). The flour had the highest contents in most of the
elements, especially in calcium (480 mg Ca/100 g), mag-
nesium (199 mg Mg/100 g) and iron (5.2 mg Fe/100 g).
The daily mineral requirements of the Andean popula-
tion could be cover partially with Andean fruits.

3.2. Quantification of Bioactive Compounds

The aqueous preparations from fresh fruits showed 2.5 to
3 folds higher content of total phenolic compounds (18.04
and 21.65 mg GAE/100 g DW) than ethanolic prepara-
tions (7.15 and 7.82 mg GAE/100 g DW), being princi-
pally non flavonoids compounds (Table 2).

On the other hand, the extractions of phenolic com-
pounds were not affected by heat (Table 2).

Table 1. Macronutrients in aqueous and ethanolic prepara-
tions obtained from “achojcha” fresh fruits and flour ob-
tained from lyophilized fruits.

Soluble protein

Total sugarg  Reducing sugar g
Extracts  Gp/i00gDW  GE/100gDW ™8 Bls)%loo g
Flour 475 +0.20 3.13+0.20 31.71 £2.00
AEwithout o 534 002 0.4740.002 31.61 £ 2.00
heating
AEwith ) o0 0.0 0.47 £ 0.001 21.80 £ 2.00
heating
Miwithout 14, 002 0.09 + 0.001 2270 +2.00
heating
M with 0.15 = 0.001 0.10 +0.001 22.24+2.00
heating
M maceration, AE aqueous extract.
FNS
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Table 2. Phytochemicals in fresh fruits.

Products of C. pedata fruits Total phenolics

Non-flavonoid phenolic  Flavonoid phenolic

Flavone and flavonols Flavonone and DHFV

AE-without heating 21.65+3 1647 +2
AE-with heating 18.04+2 16.13+2

M without heating 7.15+1 7.04+1
M-with heating 7.82+1 6.06 + 1

5.18+2 8.96 + 1 2572+2
1.76 £ 0.5 5.07+2 41.89+2
0.29+£0.1 536+1 14.08 + 1
1.91+0.2 9.11+1 11.90+1

Data expressed as mgGAE/100 g DW (total, non-flavonoid and flavonoid phenolics); mg QE/100 g DW (flavone and flavonols) and mg NGE/100 g DW (Fla-

vonone and dihydroflavonols).

The phenolic extractions of powered dried fruits (670
mg GAE/100 g DW) were more efficient than the extrac-
tions obtained from fresh fruits (Tables 2 and 3). Vasco
et al. [31] classified the fruits on dry matter according to
the polyphenolic content in low (<100 mg GAE/100 g),
medium (100 - 500 mg GAE/100 g) and high (>500 mg
GAE/100 g) category, Type I, II and III, respectively.
The “achojcha” flour could be considered as Type III
(high content of phenolic compound). Flavonoids and hy-
drolizable tannins were the dominant phenolics in the
flour (266 mg/100 g DW and 3.4 mg PB2E/100 g DW,
respectively). Other phenolic compounds such as antho-
cyanins were also detected (Table 3). The AA content
was 122.82 mg/100 g DW. The values were higher than
the reported for fruits like kiwi [32]. The ascorbic acid
daily intake recommended in packaged food is 45 mg.
For this reason, the consumption of 35 g of achojcha
flour may be necessary to cover these requirements [33].
The carotenoid content (1.23 mg S-CE/100 g) was lower
than the report for other Cucurbitaceas (10 to 20 mg S-
CE/100 g) [34].

3.3. Antioxidant Activity of Preparations
Obtained from “Achojcha” Fruits

The antioxidant activity of extracts obtained from “acho-
jcha” fruits were analyzed in the present study. All pre-
parations exhibited ABTS reducing capacity (Figure 2)
with SCs, values between 1.7 to 4.82 ug GAE/mL for
ABTS. The aqueous extracts with and without heating
showed the same SCs, (2 pg GAE/mL) while the bever-
age with heating (3.4 pg GAE/mL) was more active as
antioxidant than beverage obtained without heating (4.82
pg GAE/mL). The extract enriched with hydrolysable
tannins (SCso = 1.7 ug GAE/mL) was more active than
the polyphenolic extract (SCsp = 4 pg GAE/mL). In gen-
eral all the preparations obtained both fresh fruit and
flour showed higher antioxidant capacity than natural and
synthetic antioxidants (Quercetin: SCso = 18 pg/mL, AA:
SCso = 54 pg/mL and BHT: SCso = 55 pg/mL).
Furthermore, all extracts were able to protect lipids
from oxidation with ICs, values similar to BHT (ICs, = 4

Copyright © 2013 SciRes.

Table 3. Phytochemicals in flour of C. pedata fruits.

Phytochemicals Content in flour

Total phenolics mg GAE/100 g DW 670.00 £ 10
Flavonoids mg QE/100 g DW 266.00 £ 15
Condensed tannins mg procyanidin B2/100 g DW 0.01 +0.005
Hydrolizable tannins mg GAE/100 g DW 3.40+0.10
Anthocyanins mg C3GE/100 g DW 0.66 = 0.20
Ascorbic acid mg 44/100 g 122.82£0.20
Carotenoids mg Ef-C/100 g DW 1.23+£0.10

pg/mL) and higher than Quercetin (ICso = 20 pg/mL) and

The ethanolic extract obtained from fresh fruits with-
out heating (ICsp = 7 ug GAE/mL) and from flour (8.2 pug
GAE/mL) has similar antioxidant activity and less than
the decoctions (ICsp = 1.8 ug GAE/mL) and maceration
(ICso = 5 ng GAE/mL) of fresh fruit. The extract en-
riched with hydrolysable tannins was the least active
(ICsop = 14.5 pg GAE/mL). In all cases, polyphenols
showed a dose-response relationship until 2 or 3 pg
GAE/mL (R* > 0.90) with antioxidant capacity.

3.4. Anti-Inflammatory Activity of Preparations
Obtained from “Achojcha” Fruits

Products of the 5-LOX pathway are important mediators
of inflammation. LOX and its reaction products are shown
to play an important role in tumor formation and cancer
metastasis [35]. Inhibitors of the 5-LOX pathway, there-
fore, have a therapeutic potential in a variety of inflam-
matory and allergic diseases as well as in cancer therapy.
The polyphenolic extract obtained from “achojcha” flour
showed an inhibitory effect on LOX activity with an ICs,
value of 40 ug GAE/mL (Figure 3). The activity was si-
milar to obtained for caffeic acid (ICso = 45 GAE/mL), a
phenolic compound with demonstrated activity on LOX.
The “achojcha” fruits can play an important economic
role, either in the international market or locally in cer-
tain countries of tropical America for its nutraceutical
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Figure 3. Effect of polyphenolic extractions from “acho-
jcha” flour on LOX activity.

characteristics that are demanded by functional food. The
lyophilized form obtained from them could be used as
dietary supplement (antioxidant and anti-inflammatory)
for its content of bioactive compounds (PC, F, AA and
minerals) and low sugar content and used in hypocaloric
diet. The bioactive food components could be adminis-
tered in encapsulated forms to overcome the drawbacks
of their instability, alleviate unpleasant tastes or flavors,
and improve the bioavailability and half-life of the bioac-
tive compound in vivo.
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