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ABSTRACT

Background. Physalis peruviana L. fruit contains nutritional and bioactive compounds of immense importance to public
health and represents a potential ingredient for the development of functional foods and beverages.

Objective. This study aimed to determine the chemical and nutritional composition as well as the antioxidant capacity of
the P. peruviana L. fruit grown in Peru in three areas of the Central Andean region.

Material and methods. Proximal and physicochemical analyses and estimation of mineral content, vitamin C, total
carotenoids, total polyphenols, and antioxidant capacity (2, 2-diphenyl-1-picrylhydrazyl [DPPH] and 2, 2'-azinobis
(3-cthylbenzothiazoline-6-sulfonic acid) [ABTS] assays) were performed using standardized methods.

Results. The fruits were collected from three regions of the Peruvian Andes (Ancash, Cajamarca, and Cusco). The
results showed that the content of potassium (306.54-327.60 mg/100 g) and iron (12.93-14.47 mg/kg) was prominent.
The Physalis fruit had high levels of vitamin C (47.20-52.20 mg/100 g), total polyphenols (68.17-83.40 mg equivalents of
gallic acid/100 g), and carotenoids (1.12—1.73 mg B-carotene/100 g). Higher values for antioxidant capacity were obtained
with the ABTS method (896—1003.33 umol Trolox/100 g) than with the DPPH method (290-309 pmol Trolox/100 g).
Conclusions. This study confirms that the P. peruviana fruit has properties that could provide important health benefits
and that it could be used for the development of functional foods and food supplement.

Key words: Aguaymanto, nutritional composition, antioxidant capacity, nutraceutical value, Andean regions, Peru

INTRODUCTION

the countries with a good exportable supply. Among
the exotic Peruvian fruits meant for export, Physalis

Peru is located south of the equator in the Central
and Western region of South America. Owing to
the presence of the Andes Mountains, Peru has
a complex orography and high-altitude gradients.
This feature results in great climatic variations within
relatively small geographic spaces, with a diversity
of microclimates throughout the hydrographic
basins [11]. These conditions favor the production
of a wide variety of fruits, which makes Peru one of

peruviana L. (family Solanaceae) is commercially the
most important species of the genus Physalis [29]. The
major export destinations are the United States, the
Netherlands, France, etc. [40].

This fruit is native to the Peruvian Andean
region, and its agricultural production has expanded
worldwide mainly because of its sensory, nutritional,
pharmacological, and commercial characteristics [14,
24, 29]. The most cultivated P. peruviana ecotypes
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in the world are Kenya, South Africa, and Colombia.
In Peru, there are four ecotypes from the Cajamarca
region [38], and they constitute the genetic basis of
the world’s commercial crops. In Peru, P. peruviana
is distributed in the Yunga and Quechua regions
(2000 and 2500 meters above the mean sea level,
respectively) [9], and the agricultural production areas
are Ancash, Ayacucho, Cajamarca (main producing
area), and Cusco [37].

P. peruviana, is an ovoid, orangish-yellow berry
containing between 150 and 300 lenticular-shaped
flat seeds [14]. In Peru, it is known as aguaymanto or
capuli [37]; in other countries, other common names
such as uchuva, golden berry, Inca cherry, Peruvian
cherry, Physalis, ras-bhari, cape gooseberry, uvilla,
topotopo, harankash, amur en cage, and pokpokare
are used [26]. It is consumed fresh, dehydrated, as
frozen pulp, liquid extract, or as jam or honey [37].
It is a fruit with gastronomic attributes and is used to
prepare juices, rehydrating drinks, snacks, desserts,
salads, sauces, and different main dishes as well as for
the preparation of new functional foods [29].

The fruit is rich in beta-carotene, ascorbic acid,
proteins, crude fiber, phosphorus, iron, and bioactive
compounds with antioxidant [16, 25, 27]. Its health
benefits include blood purification by reduction of
urinary albumin in the kidneys, and reconstruction
and strengthening of the optic nerve. It is also used
to treat prostatitis [27], whooping cough, and dental
caries [16]. Furthermore, it has hypoglycemic activity,
which is why it is used in traditional medicine for the
treatment of diseases such as diabetes and hypertension
[30, 13]. These characteristics are important for human
nutrition and for the production of functional foods in
the food and nutraceutical industries [25].

P. peruviana is one of the “Superfoods Peru”
because of its important nutritional properties and
health benefits, which has boosted its agricultural
production for export. Recently, studies on the
genetic characterization and molecular cytogenetics
of fruits grown in Peru have been conducted [9, 38]
to understand the biological and genetic diversity of
this species. However, there are only a few studies that

refer to the chemical composition and nutritional and
antioxidant capacity of P. peruviana cultivated in Peru
[20, 25]. This limited knowledge affects the production
and export chain, both of the fruit and the processed
foods based on this resource.

Therefore, this study aimed to determine the
chemical and nutritional composition and the
antioxidant capacity of P. peruviana L. fruit grown in
three areas of the Andean region of Peru. The variables
studied included proximal analysis, energy value,
physicochemical characteristics, vitamin C content,
total carotenoids, total polyphenols, and antioxidant
capacity. The results are expected to provide a basis
for subsequent studies on the development and
formulation of functional processed foods based on P.
peruviana fruits.

MATERIAL AND METHODS

Vegetal material

P. peruviana fruits were collected in three areas
of the Peruvian Andes (Table 1). Plants with the best
phenotypes were sampled from each locality, and an
average of 50 kg of fruits were manually collected
in a state of optimum ripeness and without bumps or
bruises. The cap or calyx of the fruit was removed for
weighing, and the diameter and height were measured.

Sample preparation

The fruits used for the analyses corresponded
to a state of maturity suitable for consumption,
established in the norm for Cape Gooseberry of the
Codex Alimentarius; CODEX STAN 226-2001. The
fruits were washed, ground, lyophilized, and stored
at —20°C for subsequent analyses. Later, they were
identified by botanical specialists from the Universidad
Nacional Mayor de San Marcos, Lima-Peru.

Proximal analysis

The AOAC [3] methods were used for the following
determinations: water content, total proteins, ethereal
extract, ash, crude fiber, pH, total acidity, soluble solids,
and total sugars. Water content was determined by

Table 1. Origin geographical and climatic conditions of Physalis fruits

Origin

Location

Climatic conditions

Huantar district, Huari province,
Ancash Region

Latitude (9° 27’ 77 S, 77°10'35" W),
and 3140 m asl.

Average annual temperature of 11°C
and relative humidity between 60-75
percent. UV index max. 10.

Bambamarca district, Hualgayoc
province, Cajamarca region

Latitude (6° 40° 46 S, 78° 31° 09”
W), and 2532 m asl.

Average annual temp. of 23°C,
humidity of 77%, rainfall of 16 mm
and UV Index 6.

Calca district, Calca province, Cusco
region

Latitude 13° 16’ 7.39” S and longitude
71° 57° 28.08” W, and 2949 m asl.

Average annual temperature of 7.8°C,
rainfall of 736 mm, humidity of 60%
and the UV Index 6.
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drying the sample in an oven (Tecnal TE 394/1, Brazil)
until it reached a constant weight. Protein content was
quantified by the Kjeldahl method (the factor used was
6.25) using a protein—nitrogen still (Raypa DNP-3000,
Spain). Fiber content was estimated by gravimetric
method after acid hydrolysis of the samples. Ether was
extracted using Soxhlet apparatus (Raypa SX-6MP,
Spain) with petroleum ether as the solvent, and ash
content was determined by incineration at 550+15°C
in a muffle furnace (Thermolyne, USA). The total
carbohydrate content was obtained by subtracting the
content of water, protein, fat, and ash from 100. The
results were expressed as g per 100 g of fresh weight
of the fruit and energy was calculated to the Atwater
system: kcal/100 g =4 x (g proteins + g carbohydrates)
+ 9 x (g fat).

Total sugar, soluble solids, total acidity, and maturity
index

Total sugars were quantified using the
spectrophotometric method [2]. Soluble solids were
measured with a refractometer (Alla France, 0-32)
at 20°C, and the results were expressed as °Brix
[3]. Total acidity was determined by titration using
a potentiometer (TRANS Instruments, TI 9000,
Singapore) with a 0. M NaOH solution, and the
result was expressed as percentage of citric acid. The
maturity index was determined by dividing the soluble
solids by the total acidity [3].

Determination of minerals content

Minerals content was determined in e ash samples
dried in a muffle at 550°C and dissolved in 10 mL of
50% HCI (v/v). The minerals were quantified using
an atomic absorption spectrophotometer (Perkin
Elmer 3030-B, USA). For each mineral, a standard
curve and a blank sample were prepared. Phosphorus
content was determined using molybdenum blue
spectrophotometric technique and boron with
the curcumin colorimetric technique [3]. The
macroelements (phosphorus, potassium, calcium,
magnesium, sulfur, and sodium) were expressed as
mg/100 g of dry matter, and the microelements (zinc,
copper, manganese, iron, and boron) as mg/kg of dry
matter.

Determination of vitamin C content

The vitamin C content was determined using the
2,6 dichlorophenol indophenol modified titration
method [4]. Ascorbic acid was extracted with a 4%
(m/v) oxalic acid solution, as recommended by
Benassi and Antunes [7]. This solution was titrated
with a 0.01% 2,6-dichlorophenol-indophenol solution.
The end point was considered to be reached when the
solution turned faint pink for 15 s. The results were

expressed as mg of ascorbic acid equivalents per 100
g of sample.

Polyphenols extraction

To obtain the extracts, the methodology suggested
by Jiménez-Escrig et al. [19] was followed, with some
modifications. In this method, 0.5 g of the sample
was treated with 20 mL of methanol/water solution
acidified with 2 N HCI (50:50 v/v, pH 2) and stirred
for 1 h at room temperature. Then, it was centrifuged
for 15 min at 3500 rpm, and the supernatant was
collected. The remaining residue was treated with 20
mL of acetone/water (70:30 v/v) mixture, stirred for
1 h, and centrifuged under the previously mentioned
conditions.

Determination of total phenolic compounds

Total polyphenols content was determined
according to the Folin—Ciocalteau method described
by Singleton and Rossi [39], starting from a standard
curve of gallic acid. The results were expressed as
mg gallic acid equivalents per g of the sample. The
points of the curve were obtained by measuring the
absorbance at 765 nm with a spectrophotometer
(Hitachi U-2800 A, Japan).

DPPH (2,2-Diphenyl-1-Picrylhydrazyl) method

The DPPH assay was performed according to
the methodology described by Brand-Williams et al.
[8], with some modifications. Trolox was used as the
standard, and the standard curve was constructed
using the DPPH reagent. Trolox concentrations ranged
from 100 to 800 uM, 80% methanol was used as
solvent, and the absorbance was measured at 515 nm
with a spectrophotometer (Hitachi U-2800 A, Japan).
The results were expressed as pM Trolox/100 g of
sample.

ABTS (2,2"-azino-bis-3-ethylbenzothiazoline-6-
sulfonic acid) method

The ABTS trial was performed as described by
Re et al. [34]. To produce the ABTS radical, 38.4
mg of 7 mM ABTS was dissolved in 10 mL of 2.45
mM potassium persulfate solution and maintained
in the dark at room temperature for 12—16 h. For the
analyses, the solution was diluted with ethanol until
the absorbance at 720 nm reached 0.70 £ 0.02. The
solution was equilibrated at 30°C. Then, 1 mL of this
solution was added to 10 pL of the extracts or 2.5
mM Trolox standard solution, and the absorbance
was measured at 734 nm. Aqueous Trolox solutions of
concentrations between 0 and 500 uM were used for
calibration. The results were expressed as uM Trolox
per 100 g of the sample.
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Determination of total carotenoids

For the extraction of carotenoids, 0.5 g of
lyophilized sample was weighed and 2.5 mL of hexane-
acetone mixture (1:1) was added. Subsequently, it
was centrifuged at 3,500 rpm for 15 min, and the
supernatant was collected (the residue from the
lower part was successively extracted, as previously
described, until the yellow color disappeared). Then,
2.5 mL of petroleum ether was added to the extract
and placed in an ultrasonic bath (Sonorex RK512H)
for 1 h. The extracts were washed with distilled water
several times. Total carotenoids were determined
by measuring the absorbance of the extract in
a spectrophotometer (Hitachi U-2800 A, Tokyo, Japan)
at 470 nm. A B-carotene (10200 mg/L) standard
curve was constructed, and petroleum ether was used
as the blank, as recommended by Talcott and Howard
[40]. The results were expressed as mg of 3-carotene
per 100 g of the sample.

Data analysis

The data were analyzed with the Minitab version 18
(Pennsylvania State University, USA) and GraphPad
Prism version 8.0.1 (GraphPad Software, San Diego,
CA) programs, and treatments with p <0.05 were
considered significant. One-way analysis of variance
and Tukey’s multiple comparisons test were used to
compare the treatment means.

RESULTS AND DISCUSSION

Proximal analysis

The results of the proximal analysis of the Physalis
fruit in each studied zone of the Peruvian Andes are
shown in Table 2. No significant differences (p < 0.05)
were found in most of the components of the proximal
analysis of Physalis fruits from the different areas
studied, except for the protein content.

The greatest energy supply comes from
carbohydrates, which consist mainly of reducing
sugars such as glucose and fructose. The average

Table 2. Proximate composition, minerals, vitamin C, carotenoids, polyphenols of Physalis peruviana L. fruits grown in

the central Peruvian Andes

. Origin
Composition
Huantar Bambamarca Calca
Moisture (mg/100 g) 77.57+0.70 78,51+1.27 79.50+0.70
Total protein (mg/100 g) 0.28+0.04b 0,30+0.03b 0.40+0.02a
Total lipids (mg/100 g) 0.79+0.11 0,84+0.06 0.83+0.02
Ash (mg/100 g) 0.98+0.17 0,95+0.03a 1.154+0.05
Crude fiber (mg/100 g) 3.34+0.37 3,23+0.15 2.85+0.10
Total carbohydrate (mg/100 g) 17.05+0.06 15.86+1.32 15.27+0.62
Total solids (mg/100 g) 22.43+0.70 21.19+1.27 20.50+0.70
Energy (kcal/100 g) 76.37+1.39 72.26+5.45 70.15+2.64
Macroelements (mg/100 g)
Phosphorus 51.23+1.21a 52.53+0.55a 48.77+0.31b
Potassium 306.57+12.61a 307.17+1.22a 327.60+4,72b
Calcium 47.2741.33a 51.23+0.81b 52.70+1.35 be
Magnesium 18.73+£0.25a 21,23+0.81b 22.80+0.30c
Sulfur 22.23+1.03a 23.23+0.81ab 20.60+0.70ac
Sodium 5.80+0.98a 7.83+0.83b 7.17+0.58¢c
Microelements (mg/100 g)
Zinc 0.54+0.04a 0.57+0.03ab 0.64+0.02b
Copper 0.12+0.03 0.16 +0.01 1.25+0.09
Manganese 0.16+0.02 0.19+0.01 1.97+0.12
Iron 1.31£0.05a 1.42+0.05ab 1.43+0.05b
Boron 0.59+0.01 0.63+0.02 0.64+0.04
Vitamin C (mg/100 g) 47.20+1.89a 49.90 + 1.20ab 52.20+0.90b
Carotenoids totals (mg 3 carotene/100 g) 1.12+0.12a 1.52 £0.18b 1.73+0.08 bc
Polyphenols totals (mg GAE/100 g) 68.17+2.52a 76.93 £ 2.69b 83.40+4.29 be

The values are expressed as mean £+ SD (n = 3). Values without letters in the same rows are insignificantly different from
each other (p > 0.05). While different letters in the rows represent a significant difference based on the Tukey test (p < 0.05).
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carbohydrate content (15.86—17.05 g per 100 g)
estimated in our study differed significantly from
those reported by Thuy et al. [41] (7.61-7.79 g per 100
gof sample) and Bazalar Pereda et al. [6] (14.22 g per
100 g of sample) for Physalis fruits from Taiwan and
Argentina, respectively. However, the values are close
to those reported by Petkova et al. [29] (11.45-16.34
g per 100 g) in pulps of Physalis fruits of Bulgarian
origin.

The mean fiber content of the P. peruviana fruit
(2.85-3.34 g per 100 g of sample) was significantly
lower than those found by Thuy et al. [41] (4.23—4.31 g
per 100 g of sample) and Bazalar Pereda et al. [6] (4.15
g per 100 g of sample).

Obregon-La Rosa et al. [25] determined the
physicochemical and nutritional characteristics of
several native fruits of Peruvian origin, including
Physalis, from Cuzco, and found a significantly higher
fiber value (4.90 + 0.21 g per 100 g) than that observed
in the present study for Physalis fruits from the same
area (2.85 + 0.10 g per 100 g). This difference could
probably be due to the state of maturity of the fruit.

It should be noted that the fiber content of the
Physalis fruit is significantly higher than that of other
fruits in the region, such as strawberry (1.4 g per 100 g
of sample), lucuma (Pouteria lucuma; 1.3 g per 100 g
of sample), soursop (4dnnona muricata; 1.1 g per 100 g
of sample), tangerines (Citrus reticulate, 0.5 g per 100
g of sample), and banana (Musa paradisiaca, 0.5 g per
100 g of sample), among others [35].

In this regard, Carvalho et al. [10] and A4jila et al.
[1] stated that the consumption of dietary fiber favors
a good control of glycemia, diabetes, high cholesterol,
colon cancer, and gastrointestinal and cholesterol-
related disorders. Hence, the regular consumption
of the Physalis fruit might help prevent this type of
diseases.

Physicochemical analyses

The physicochemical characteristics of the Physalis
fruits in each evaluated zone are shown in Table 3.
The content of total sugars (21.83-25.37 g per 100 g
of sample) was within the range reported by Thuy et

al. [41] (15.56—41.14 g per 100 g of sample. However, it
was significantly higher than that reported by Sharoba
and Ramadan [36] (11.3 g per 100 g of sample). The
titratable acidity also plays an important role in the
flavor and quality of the fruit. The mean value of total
acidity (1.63-1.69 g per 100 g of sample) was higher
than the value reported by Thuy et al. [41] (0.29%—
0.79%).

The soluble solids content is a good indicator of the
sweetness of the fruits. The results obtained (13.62—
14.53 g per 100 g of sample) were significantly similar
to those reported by Thuy et al. [41] (13.92 —-13.96 g per
100 g of sample) and Puente et al. [30] (13.73-14.30 g
per 100 g of sample).

The SST/AT ratios (maturity index) (8.07—8.93) of
the P. peruviana fruits from the evaluated areas were
similar to those obtained by Bazalar Pereda et al. [6]
and Obregon-La Rosa et al. [25], which were 8.00
and 8.70, respectively. According to the Colombian
Technical Standard, a maturity index value of 8§
denotes that the fruit is in the optimal maturity state
for consumption.

Regarding the mineral content, many of the macro-
and micronutrients necessary for human health are
found in the Physalis fruit (Table 2). The Physalis
fruit presented calcium levels (47.27-52.70 mg per
100 g) than those of other fruits in the region, such as
peach (Prunus persica, 4 mg per 100 g), custard apple
(Annona cherimola, 20 mg per 100 g), plum (Prunus
domestica, 20 mg per 100 g), coconut (Cocos nucifera,
8 mg per 100 g), lucuma (Pouteria lucuma, 16 mg per
100 g), and banana (Musa paradisiaca, 8 mg per 100
g), among others [21].

Likewise, with regard to phosphorus (48.77-52.53
mg per 100 g), the Physalis fruit presented higher
values than peach (Prunus persica, 22 mg per 100 g),
strawberry (Fragaria vesca, 26 mg per 100 g), mango
(Mangifera indica, 15 mg per 100 g), apple (Malus
domestica, 11 mg per 100 g), watermelon (Citrullus
lanatus, 15 mg per 100 g), papaya (Carica papaya, 14
mg per 100 g), and banana (Musa paradisiaca, 20 mg
per 100 g) [21].

Table 3. Physico-chemical characterization of Physalis peruviana L. fruits grown

in the central Peruvian Andes

. Origin
Composition
Huantar Bambamarca Calca
Total sugars (%) 21.83+1.15a 25.37+0.81b 22.57+0.50a
Total acidity (%) (ATT) 1.69 +0.06 1.63+0.11 1.67+0.03
Soluble solids (°Brix)/(SST) 13.62+0.21 14.53+0.84 13.73+0.21
Maturity index (SST/ATT) 8.07+0.32a 8.93+0.43b 8.21+0.13ab

The values are expressed as mean £+ SD (n = 3). Values without letters in the same rows are insignificantly different from
each other (p > 0.05). While different letters in the rows represent a significant difference based on the Tukey test (p <

0.05).
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Calcium is a mineral involved in the development
and growth of bones, which also acts on blood
pressure and weight control. Potassium plays a role
in the control of hypertension, and phosphorus is an
enzymatic component involved in the phosphorylation
process, allowing the activation of certain components
and hormones of the acid—base regulation in the body
[30]. From the results obtained, it was evident that 100
g of this fruit would provide approximately 4%—7%
of the daily requirement of macro-minerals (calcium,
potassium, and phosphorus) for an adult, according to
the Institute of Medicine [18].

Potassium content (306.57-327.60 mg per 100 g of
sample) found in Physalis fruits was higher than those
reported by Leterme et al. [21] for various fruits grown
in the Andes, such as carambola (4verrhoa carambola,
102 mg per 100 g), pineapple (Ananas comosus, 39 mg
per 100 g), jicama (Pachyrhizus erosus, 150 mg per 100
g), mamoncillo (Melicoccus bijugatus, 171 mg per 100
g), passion fruit (Passiflora edulis, 100 mg per 100 g),
lulo (Solanum quitoense, 264 mg per 100 g), and oca
(Oxalis tuberosa, 236 mg per 100 g ), among others.
In their research, Leterme et al. [21] also found that
the macromineral with the highest content in Physalis
fruits was potassium, representing on average of 32%
in the total content of minerals.

The prominent microelements were zinc, copper,
and iron; 100 g of the Physalis fruit would provide an
average of 16.3% of the daily iron requirement for an
adult person, according to the Institute of Medicine
[18]. In the case of zinc, the contribution of 100 g
would be 4.9% of the recommended daily intake.

Iron is a component of several proteins, including
enzymes and hemoglobin, the latter being important
for the transport of oxygen to the tissues throughout
the body for metabolism. The recommended daily
allowance (RDA) of iron for all age groups of men
and postmenopausal women is 8 mg/day, and for
premenopausal women it is 18 mg/day. Zinc is
a component of several enzymes, and it maintains
the structural integrity of proteins and regulates gene
expression. The RDA of zinc for adults is 8 mg/day for
women and 11 mg/day for men [18].

Bioactive compounds and antioxidant capacity

Table 2 shows the results obtained from the
analysis of bioactive compounds of Physalis fruits
from the three cultivation zones studied. Regarding
the content of vitamin C, the sample from the Calca
area presented the highest content (52.20 = 0.90 mg
per 100 g of sample), while the one from the Huantar
area had the lowest value (47.20 = 1. 89 mg per 100 g
of sample). The obtained values (47.20 + 1.89 to 52.20
+ 0.90 g per 100 g of sample) exceeded, with a slight
significance (p < 0.05), those reported by Thuy et al.
[41], Bazalar Pereda et al. [6], Ramadan [32], and

Obregon-La Rosa et al. [25], which were 46.86 mg,
33.35 mg, 43.0 mg, and 43.00 + 0.153 mg per 100 g of
the sample, respectively.

Vitamin C is an essential nutrient for collagen
synthesis and a cofactor in the biosynthesis of
catecholamines, L-carnitine, cholesterol, amino acids,
and some peptide hormones. Lack of vitamin C causes
scurvy, a pathological condition that leads to blood
vessel fragility and connective tissue damage. This
vitamin is also potentially involved in the prevention
of cancer and cardiovascular diseases [15]. Although
the recommended dietary allowance of vitamin C
remains controversial, the approaches regarding the
requirements are established between 40 to 220 mg
vitamin C per day [42]. In this regard, it should be
noted that the Physalis fruit is a good source of vitamin
C; for an adult, consuming 100 g of this fruit would
provide 52.4%-58% of the recommended daily intake
of vitamin C, according to the Institute of Medicine
[18].

The carotenoids present in the Physalis fruit are
mainly composed of B-carotene (55%), followed by
other esters such as lutein [17, 32]. The value obtained
from the Calca area (1.73 £ 0.08 mg per 100 g of
sample) was higher than that of the Huantar area (1.12
+ 0.12 mg per 100 g of sample). The result obtained for
B-carotene from the Calca area (1.73 £ 0.08 mg per 100
g of sample) was slightly higher than those reported by
Thuy et al. [41] (1.63 mg per 100 g of sample), Bazalar
Pereda et al. [6] (1.24 mg per 100 g of sample), and
Ramadan [32] (1.6 mg per 100 g of sample); however,
the value of the Huantar area was lower. These
variations could be explained by the differences in
the state of maturity, variety, cultivation method, type
of soil, climatic conditions, altitudes, etc. It should
be noted that the carotenoids are responsible for the
orange color of the fruit [30]. B-carotene is crucial
for the prevention of certain diseases such as cancer
because it reacts with the free radicals generated
by the tissues [32]. Puente et al. [30] stated that the
most active carotenoids in vitamin A are o-carotene,
B-carotene, and P cryptoxanthin, the latter being the
one with the highest provitamin A activity.

Regarding the total polyphenols content, the
sample from the Calca area had a value (83.40 £+ 4.29
mg gallic acid eq per 100 g) that was significantly
higher than those of the Huantar (68.17 £ 2.52 mg
gallic acid eq per 100 g) and Bambamarca (76.93 +
2.69 mg gallic acid eq per 100 g) areas. The values of
the three zones were slightly higher than that found
by Thuy et al. [41], which was 60.53 mg gallic acid eq
per 100 g. Hdikkinen et al. [17] have indicated that the
main phenolic components present in Physalis fruit
are quercetin, myricetin, and kaempferol.

When compared with other fruits, the average
content of total polyphenols found in the Physalis
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fruit was than the usual values found in banana (Musa
paradisiaca, 11.8 mg gallic acid eq per 100 g), mango
(Mangifera indica, 6.25-56 mg gallic acid eq per 100
g), papaya (Carica papaya, 57.6 mg gallic acid eq per
100 g), and pineapple (4nanas comosus, 2.58 mg gallic
acid eq per 100 g), but lower than those of strawberry
(Fragaria vesca, 161 mg gallic acid eq per 100 g),
apple (Malus domestica, 296.3 mg gallic acid eq per
100 g), blueberries (Vaccinium myrtillus, 270-930 mg
gallic acid eq per 100 g), and melons (Cucumis melo,
174 mg gallic acid eq per 100 g) [5].

Figure 1 presents the results of the antioxidant
capacity of Physalis fruits determined by ABTS and
DPPH methodologies. The antioxidant capacities of
P. peruviana fruits from the Calca and Bambamarca
areas were higher than those of the Huantar area in
both methods. The value estimated by the DPPH
method (286.60 + 7.44 uM Trolox per 100 g of sample)
was slightly higher than that reported by Puente et
al. [30] (192.51-210.82 uM Trolox per 100 g sample)
in Chile; however, it was lower than that reported by
Ozturk et al. [28] (514.06—604.69 uM Trolox per 100 g
of sample) in Turkey. In the case of the ABTS method,
the values obtained (896.00 £ 44.14-1003.33 + 7.64
UM Trolox per 100 g of sample) for the Physalis fruits
grown in the central Peruvian Andes were higher than
those reported by Curi et al. [12] and Licodiedoff et al.
[22], which were 619 and 749—807 uM Trolox per 100
g of sample, respectively. According to Licodiedoff
et al. [22], the content of phenolic compounds and
antioxidant activity depend on the state of maturity of
the fruit. Ramadan et al. [31] specified that the high
levels of antioxidants found in the ethanolic extracts of

Huantar Bambamarca Calca

a
b M orrH b
B ABTS
b a a

Figure 1. Antioxidant capacity (DPPH and ABTS methods)
in Physalis peruviana L. fruits grown in the central
Peruvian Andes. Different letters in the grouped columns
represent a significant difference based on the Tukey test
(p <0.05).
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Physalis when using the DPPH and ABTS methods are
mainly due to oxygenated monoterpenic compounds,
such as bisabolol, a monocycled sesquiterpene
alcohol with high antioxidant and anti-inflammatory
properties. Several researchers have concluded that
the antioxidant capacity of these fruits is mainly due
to the presence of phenolic compounds and, to a lesser
extent, to the content of vitamin C [23, 33]. The high
polyphenols content of the Physalis fruit could be
responsible for its high antioxidant capacity.

CONCLUSIONS

The results of the present work show that the
Physalis fruit cultivated in the Central Andes of Peru
contains several nutrients and bioactive compounds,
such as minerals, vitamin C, total polyphenols,
carotenoids, and antioxidants. The Physalis fruit
presented levels of calcium (47.27-52.70 mg per 100 g)
and phosphorus (48.77-52.53 mg per 100 g) that were
significantly higher (p < 0.05) than those of other fruits
in the region. The most prominent microelements were
zinc (5.03-6.23 mg per kg), copper (1.18-1.25 mg per
kg), and iron (12.93-14.47 mg per kg). The Physalis
fruit was also found to be a key source of vitamin C
(47.20-52.20 mg per 100 g). Furthermore, the contents
of total polyphenols (68.17-83.40 mg gallic acid eq
per 100 g), total carotenoids (1.12—1.73 mg per 100
g), and antioxidant capacity determined by the DPPH
(290-309 uM Trolox per 100 g) and ABTS (896.00—
1033 uM Trolox per 100 g) methods were high. The
results demonstrate that the Physalis fruit grown in
the Andean region of Peru is a potential candidate for
the development of new functional foods due to its
nutritional and bioactive properties. Finally, the fruits
of P. peruviana grown in the Calca region presented
higher contents of proteins, potassium, vitamin C,
total carotenoids, and total polyphenols.
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