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Bioactive compounds and nutritional characterization in three genotypes of mashua tubers (Tropaeolum tuberosum Ruiz and
Pavon) from different agroecological areas of the Peruvian highlands (3747 at 3888 meters above sea level) were studied. The
studied genotypes from different agroecological areas significantly differed for vitamins, amino acids, and bioactive compounds.
However, the nutritional characteristics of yellow, purple, and yellow-purple mashua remained unaffected. Its tubers were
shown to be important sources of protein and fiber. The nutritional analysis revealed high phosphorus and potassium values,
as well as considerable amounts of vitamin C. The amounts of total free amino acids in the genotypes ranged from 2.73 +
0.450 mg/g dry matter (DM) to 6.825 + 0.450 mg/g DM. Important total anthocyanins, total flavonoids, total phenolics, tannin
content, and antioxidant activity values were obtained from purple genotype. Unexploited colored mashua tubers are proposed

as a valuable natural source of phenolics and anthocyanins with high antioxidant activity.

1. Introduction

Mashua (Tropaeolum tuberosum R. & P.) is a perennial her-
baceous plant, belonging to the Tropaeolaceae family [1].
This crop is known as cubio in Colombia [2], mashua in
Pera [3, 4] and Ecuador [5], and isafio or afu in Bolivia
[6]. The tuber originated in Peru and Bolivia and has grown
for thousands of years, but its cultivation has extended to
other countries out of the plateau as well as Ecuador, Vene-
zuela, Colombia, Argentina, and in many regions of New
Zealand, Canada, the United States, and England [7]. Cur-
rently, it is grown in small cultivation plots in the high
Andean areas; it has a high genetic diversity. Tubers can
present many colors such as yellow, purple, and white. They
are cooked after being left out in the sun to improve their
flavor [8]. It is grown alongside other tubers (potato, oca,

and olluco), so it is difficult to know its level of produc-
tion [5].

They are consumed mainly by the indigenous popula-
tion as a part of their daily diet and on special occasions
[5], where it is popularly believed to possess nutritional
and medicinal properties [1]. They have recently gained
the world attention due to the wide range of nutrients and
phytochemicals they possess [9]. Therefore, this tuber could
be considered as novel and inexpensive sources of bioactive
compounds for its potential use in functional foods and
nutraceuticals [10]. This species is rich mainly in polyphe-
nols, flavonoids, anthocyanins, antioxidants, fatty acids, glu-
cosinolate, and alkamides [7, 11, 12]. Mashua has been
tested for various biological activities, and the extract (tuber
juice) demonstrated a promising potential as an antibacte-
rial, antioxidant, anti-inflammatory, and inhibitors of
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benign prostatic hyperplasia [1]. It is used to treat venereal,
lung, and skin diseases, as well as to heal wounds and as
an analgesic for kidney and bladder pain [11-13].

There is a growing interest in natural sources of nutri-
ents and health-promoting compounds. The nutritional
value and bioactive components of mashua have been col-
lected by Pérez and Apaza [11] and Guevara-Freire et al.
[7]. Macronutrient contents vary greatly depending on the
origin, variety/ecotype, environmental conditions, geograph-
ical area, and composition of the soil for cultivation they
possess [14]. The agroecological area of the Peruvian high-
lands is large and complex. It contains a wide variability of
agricultural production determined by specific physical fac-
tors such as the relief of the soil surface, the type of soil,
and its hydric characteristics [15]. This variability in terms
of color and shape seems to be correlated to the content of
bioactive compounds they possess [14]. Our hypothesis is
that the agroecological areas lead to changes in physico-
chemical characteristics and bioactive compounds in three
genotypes of mashua. Thus, it is proposed to evaluate the
effect of agroecological areas of production on the physico-
chemical characterization and content of bioactive com-
pounds in three genotypes of mashua.

2. Materials and Methods

2.1. Plant Material. Three genotypes of mashua tubers
(Figure 1), yellow, purple, and yellow-purple (yellow with
purple eyes) known as isafio, were collected from the local
fairs in four agroecological areas of the region of Puno
(Peru), El Collao (Maquercota hamLet, 3747 m.a.s.1, latitude
16° 05'31.0" S and longitude 69° 30" 27.2" W), Chucuito
(Molino hamLet, 3888 m from the sea level (m.a.s.l.), latitude
16° 13’ 384" S and longitude 69° 23" 17.7" W), Yunguyo
(Sanquira hamLet, 3847 m.asl, latitude 16° 19" 21.4" §
and longitude 69° 03’ 03.0” W), and Puno (Paucarcolla dis-
trict, 3810 m.a.s.], latitude 15° 46’ 06.3” S and longitude 70°
04’ 05.0" W), in August 2019. Botanical identification was
carried out by the Botany Laboratory of the National Uni-
versity of Altiplano Puno (Peru). Harvested tubers were
immediately packed in paper bags and sent to the Chroma-
tography and Spectrophotometry Laboratory of the Faculty
of Sciences of the National University of San Antonio Abad
(Cusco, Peru) where they were lyophilized and stored at
—20°C. Three samples made of 10 tubers of each genotype
were randomly collected for analysis. The lyophilized sam-
ples were rehydrated prior to the analyses to improve the
recoveries of the extraction procedures [16]. All analyses
were conducted in triplicate.

2.2. Chemicals and Reagents. HPLC-grade acetonitrile
(CH,;CN), Folin-Ciocalteu phenol reagent, aluminum
trichloride, hydrochloric acid, and sodium carbonate were
purchased from Merck (Darmstadt, Germany). Methanol
(MeOH), ethanol, 2-propanol, potassium acetate, ortho-
phosphoric acid, sodium dihydrogen phosphate, potassium
hydroxide, and hexane were obtained from J.T. Baker
Chemical Co. (Phillipsburg, NJ, USA). Tannic acid, querce-
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tin, gallic acid, and 2,2-diphenyl-1-picrylhydrazyl (DPPH)
were provided from Sigma-Aldrich Chemical Co. (St. Louis,
MO, USA). Trolox was supplied by Santa Cruz Biotechnol-
ogy. L-Ascorbic acid and amino acid standard 17 types were
procured from Sigma-Aldrich Chemical Co. (St. Louis, MO,
USA).

2.3. Proximal Composition. AOAC methods were used to
examine mashua tuber: moisture content was determined
by the drying method using hot-air oven circulation
(method #925.09). Ash content of a known weight sample
was determined through incineration (550°C) using a muffle
furnace (method #923.03). Crude protein was determined by
micro-Kjeldahl (method #979.09) and calculated by multi-
plying the corresponding total nitrogen content by a factor
of 6.25.The crude fat content of the sample was determined
by a Soxhlet extractor (method #930.09). Crude fiber content
was determined by the following method #962.09. Carbohy-
drate content is determined by subtracting the total percent-
age of other components from 100 [16]. The results were
expressed as g/100 g of dry matter (DM).

2.4. Mineral Analysis. The samples were dried at 105°C for
24h. Dried samples were homogenized using an agate
homogenizer and stored in precleaned polyethylene bottles
until analysis. 0.25g each of the powdered plant samples
was digested in 6.5mL of acid solution (HNO,, H,SO,,
and HCIO, in a ratio of 5:1:0.5). The corresponding solu-
tion was heated until white fumes had appeared. The clear
solution was diluted up to 50 mL with distilled water and fil-
tered with Wattman filter paper no. 1. The standard working
solutions of elements of interest were prepared to make the
standard calibration curve. Absorption for a sample solution
uses the calibration curves to determine the concentration of
particular element in that sample. Calcium was determined
by EDTA titration method [17], iron was determined by
photometry with 1,10-phenanthroline [18], phosphorus
was determined by spectrophotometry with phosphomolyb-
date complex [19], potassium was determined by spectro-
photometry with cobaltinitrite of sodium [20], and a
Varian AA240FS atomic absorption spectrometer (AAS)
was used for the determination of zinc [21].

2.5. Vitamin Analysis

2.5.1. [3-Carotene Content Determination. [3-carotene was
extracted according to the procedure of Rivera and Canela
[22]. One gram of mashua genotype was extracted with
3 mL of 2-propanol (solvent/material ratio: 3/1) in an orbital
shaker (Heidolph, Schwabach, Germany) at 200 rpm under
darkness for 30 min at room temperature (20°C). The mix-
tures were centrifuged at 2000 x g for 10 min at 4°C and
the supernatants were collected. The mashua residues were
reextracted three more times under the same conditions.
The supernatants of each extraction were filtered through a
0.45 ym Sartolon polyamide filter and degassed by sonica-
tion prior to use. A 400 mg/L of B-carotene was prepared
by dissolving a 0.0100g of -carotene in hexane and made
up to volume of 25 mL.
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FIGURE 1: Genotypes of mashua tubers: (a) yellow, (b) purple, and (c) yellow-purple.

The extract of mashua and standard solutions were then
analyzed by an Agilent Technologies 1200 Series HPLC
(Agilent Technologies, Palo Alto, CA), equipped with an
Agilent 1200 HPLC variable wavelength detector. The chro-
matographic separation was performed on a Zorbax Eclipse
SB-C18 analytical (75 x 4.6 mm i.d., particle size 3.5 ym) col-
umn with guard column Zorbax Eclipse XDB-C18-Pack
(12.5 x 4.6 mm i.d., particle size 5 ym) both purchased from
Agilent Technologies. Detection was made at a wavelength
of 450nm, and the column oven temperature was set at
25°C. The injection sling was 1.0 uL. The mobile phase con-
sisted of methanol/2-propanol (50:50, v/v). The mobile
phase was prepared daily, filtered and sonicated before use,
and delivered at a flow rate of 1.0 mL/min. Quantification
of p-carotene was based on peak areas and calculated as
equivalents of standard compounds. Different concentra-
tions of unknown samples of 3-carotene were determined
using the obtained regression equations. Total contents were
expressed as milligram per g dry matter (DM).

2.5.2. Vitamin C Content Determination. Vitamin C was
extracted according to the procedure of Campos et al. [23]
with some modifications made to it. Briefly, 0.5 g of mashua
was mixed with 1.5mL of H,PO, 4.5%. The mixture was
homogenized with a mortar, 1.5mL of water was added
and then was centrifuged at 4000 x g for 10min, and the
supernatants were collected. The supernatants of each
extraction were filtered through a 0.45 ym Sartolon polyam-
ide filter and degassed by sonication prior to use at 4°C. Ali-
quots from stock standard solutions (0.1 mg/mL) of AA
were transferred into a series of 10 mL volumetric flasks.
The contents of each flask were completed with the mobile
phase to volume to get a concentration range of 0.5-
10.0 ug/mL. This solution was kept in darken bottle at 4°C.
The extract of mashua and standard solutions were then
analyzed by an Agilent Technologies 1200 Series HPLC
(Agilent Technologies, Palo Alto, CA), equipped with an
Agilent 1200 HPLC variable wavelength detector.

The chromatographic separation was performed on a
Zorbax Eclipse XDB-C18 analytical (250 x 4.6 mm i.d., par-
ticle size 5um) column with guard column Zorbax Eclipse
XDB-C18-Pack (12.5 x 4.6 mm, i.d., particle size 5 ym) both
purchased from Agilent Technologies. Detection was made
at a wavelength of 270 nm, and the column oven tempera-
ture was set at 25°C. The injection sling was 1.0 uL. The

mobile phase consisted of ammonium acetate buffer
100 mM/acetonitrile (90:10, v/v), pH adjusted to 6.3 by
orthophosphoric acid. The mobile phase was prepared daily,
filtered and sonicated before use, and delivered at a flow rate
of 1.0 mL/min. Quantification of the vitamin C was based on
peak areas and calculated as equivalents of standard com-
pounds. Different concentrations of unknown samples of
AA were determined using the obtained regression equa-
tions. Total contents were expressed as milligram per g dry
matter (DM).

2.5.3. Amino Acid Determination. A method described by
Park et al. (2014) was used to determine amino acid in
mashua tubers. One gram was extracted with 5mL HCI
6N. The solution was vigorously vortexed for 5min; air
was expelled with N, and hydrolyzed at 100°C for 24 h and
then centrifuged at 4000 x g for 15 min. 1 mL of supernatant
was diluted with 1.66 mL of ultrapure water and filtered
through a 0.45ym PTFE syringe filter (Advantec DISMIC-
13HP, Toyo Roshi Kaisha, Ltd., Tokyo, Japan). The filtrate
was then analyzed by an Agilent Technologies 1200 Series
HPLC (Agilent Technologies, Palo Alto, CA), equipped with
an Agilent 1200 HPLC variable wavelength detector.

The chromatographic separation was performed on a
Zorbax Eclipse AAA rapid resolution (75 x 4.6 mm i.d., par-
ticle size 3.5 ym) column purchased from Agilent Technolo-
gies. Detection was made at a wavelength of 262 and 338 nm,
and the column oven temperature was set at 35°C. The injec-
tion sling was 10 yL. The solvent system was delivered at a
rate of 2.0 mL/min and consisted of a mixture of (A) sodium
dihydrogen phosphate buffer (40 mM) at a pH of 7.8 and (B)
acetonitrile/methanol/water (45:45:10, v/v/v). Fifty pmol/
uL content of amino acids was used as standard. The gradi-
ent program used was as follows: 0-1.9 min, 0% B; 2-21 min,
57% B; 21.1-25 min, 100% B; and 25.1-30 min, 0% B. Quan-
tification of the different amino acids was based on peak
areas and calculated as equivalents of standard compounds.
All contents were expressed as milligram per g DM.

2.6. Bioactive Compound Analysis

2.6.1. Extraction of Phenolic Compounds and Antioxidants.
About 2g (accurately to 0.0001g) of raw mashua was
extracted twice with 5mL of 70% ethanol and then homog-
enized in a morter. The mixtures were centrifuged at 4000



x g for 10 min; the supernatants were collected and stored
in an amber bottle at 4°C for the analysis.

2.6.2. Total Anthocyanins (TA). TA in mashua extract was
determined by using the pH differential method [24]. Absor-
bance was measured at 520 and 700nm in pH 1.0 and 4.5
buffers. A molar extinction coefficient of 26,9001 cm™" mol”
" and a molecular matter of 449.2 were used for anthocyanin
calculation [25]. The results were expressed as mg of cyani-
din 3-glucoside equivalents (CGE)/g DM.

2.6.3. Total Flavonoids (TF). The aluminum chloride colori-
metric method was modified from the procedure reported
by [26]. Quercetin was used to make the calibration curve.
Ten milligrams of quercetin were dissolved in 80% ethanol
and then diluted to 2.5, 5.0, and 10.0 yg/mL. The diluted
standard solutions (500uL) were separately mixed with
1.5mL of 95% ethanol, 100 uL of 2% aluminum chloride,
100 uL of 1M potassium acetate, and 4.5mL of distilled
water. After incubation at room temperature for 30 min,
the absorbance of the reaction mixture was measured at
415nm with a spectrophotometer (Genesys 20, Thermo Sci-
entific, Mississauga, Ontario, Canada). The amount of 10%
aluminum chloride was substituted by the same amount of
distilled water in blank. Similarly, 500 uL of ethanol extracts
was reacted with aluminum chloride for determination of
flavonoid content as described above. The results were
expressed as mg of quercetin equivalents (QE)/g DM.

2.6.4. Total Phenolics (TP). The Folin-Ciocalteu method [27]
was used to determine total phenolic content. 50 uL obtained
extract was then mixed with 100 yL of 0.2 N Folin-Ciocalteu
reagent (Sigma-Aldrich Chemie, Steinheim, Germany) for
5 min. Following the addition of 200 uL of 20% sodium car-
bonate (Na,CO,) (Labosi, Paris, France), solution tubes were
mixed and the final volume was completed to 1700 yL with
distilled water. After incubation at room temperature for
30 min, the absorbance of the reaction mixture was mea-
sured at 765nm against an ethanol 70% blank with a spec-
trophotometer ~ (Genesys 20, Thermo  Scientific,
Mississauga, Ontario, Canada). Gallic acid (Sigma-Aldrich
Chemie, Steinheim, Germany) (0-10ug/mL in ethanol
70%) was used as standard to produce the calibration curve.
The mean of three readings was used, and the total phenolic
content was expressed in mg of gallic acid equivalents
(GAE)/g DM.

2.6.5. Antioxidant Activity. The extracts obtained above were
used to assess the antioxidant activity by the DPPH (2,2-
diphenyl-1-picrylhydrazyl) radical scavenging method [27].
A 50 uL obtained extract was mixed with 1.5 mL methanolic
solution of DPPH (100 mM). The mixture was shaken vigor-
ously and allowed to stand at room temperature for 30 min.
The absorbance was measured at 517 nm using a spectro-
photometer (Genesys 20, Thermo Scientific, Mississauga,
Ontario, Canada). The antioxidant activity was calculated
based on a standard curve obtained with an ethanolic solu-
tion of Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid) at different concentrations. The results were
expressed as ymol Trolox equivalents (TE)/g DM.
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2.6.6. Tannin Content Determination. Tannin was extracted
according to the procedure of Durgawale et al. [28]. Approx-
imately 1g of mashua tuber was extracted with 3mL of
mixed solvents (methanol/acetone/water, 45/45/10, v/v/v).
The mixtures were centrifuged at 4000 x g for 10 min. The
supernatant was filtered through a 0.45um filter and ana-
lyzed by HPLC. Tannic acid (10mg) was dissolved in
10mL of mobile phase to prepare stock solution with con-
centration of 1000 ug/mL. A series of dilutions with concen-
tration of 20, 30, 40, and 50 ug/mL were prepared by taking
aliquots of 0.2, 0.3, 0.4, and 0.5mL of stock solution
(1000 ug/mL) and diluted up to 10 mL with mobile phase.
Each dilution was analyzed by an Agilent Technologies
1200 Series HPLC (Agilent Technologies, Palo Alto, CA),
equipped with an Agilent 1200 HPLC variable wavelength
detector.

The chromatographic separation was performed on a
Zorbax Eclipse XDB-C18 analytical (250 x 4.6 mm 1i.d., par-
ticle size 5pum) column with guard column Zorbax Eclipse
XDB-C18-Pack (12.5x 4.6 mm, i.d., 5pm) both purchased
from Agilent Technologies. Detection was made at a wave-
length of 280nm, and the column oven temperature was
set at 40°C. The injection sling was 1.0 uL. The solvent sys-
tem was delivered at a rate of 1.0 mL/min and consisted of
a mixture of (A) water/acetic acid (98:2, v/v) and (B) meth-
anol. The gradient program used was as follows: 0-4.9 min,
5% B and 5-10 min, 50% B. Quantification was carried out
using an absolute calibration curve method with standard
solutions of tannic acid. The total contents were expressed
as milligram per g DM.

2.6.7. Statistical Analysis. Data was statistically treated by
analysis of variance (ANOVA); the means were compared
by the Tukey test at a significance level of 0.05 using Infostat
Statistical Software. All the measurements were carried out
in triplicate.

3. Results and Discussion

3.1. Composition of Chemicals. A proximal composition for
three genotypes of mashua cultivated in four agroecological
areas is provided in Table 1. The protein content was ranged
from 6.96+0.09 to 11.72+0.05g/100g DM. The protein
content is higher in purple genotype (7.41 +£0.01 to 11.72
+0.05g/100g DM), compared to vyellow genotype
(6.96+0.09 to 9.98+0.02¢g/100g DM) and yellow-purple
(7.15+0.04 to 7.95+0.04 g/100 g DM). The protein deter-
mined in the study was similar to the results found for
mashua  (9.21+£0.18g/100g  DM) and  olluco
(8.06+0.07g/100g DM), but higher than that of oca
(6.84+0.07g/100g DM) [29]. Mashua is a food that is
highly nutritional, characterized by containing a high level
of protein of elevated biological value with an ideal balance
of essential amino acid [7, 11]. The nutritional quality of a
protein source varies substantially depending upon their
bioavailability, digestibility, amino acid profile, purity, anti-
nutritional factors, and processing effects.

The main constituent of the dry matter in mashua was
represented by the carbohydrate content (73.79 £0.07 to
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TaBLE 1: Physicochemical characterization of three genotypes of mashua from different agroecological areas.

Agroecological areas**

Component Genotypes Collao Chucuito Puno Yunguyo
Purple 89.72 +0.62° 74.51 +0.07* 84.83 +0.47° 86.72 +0.75"
Moisture (g/100 g FM) Yellow 82.86 + 0.20° 86.33+0.28" 86.90 +0.71° 87.81+0.21°
Yellow-purple 76.11 + 0.42° 80.85 + 0.49° 81.00 +0.35° 83.48 £0.21°
Purple 11.72 +0.05¢ 7.41+0.01° 7.86+0.01° 8.16 + 0.06°
Protein (g/100 g DM) Yellow 7.83 +0.03" 7.58 +0.08" 6.96 +0.09* 9.98 +0.02°
Yellow-purple 7.54 +0.03" 7.15 +0.04* 7.31+0.09* 7.95 +0.04°
Purple 4.53+0.06 4.40 +0.13° 4.57 +0.02° 4.70+0.01°
Fat (g/100 g DM) Yellow 4.60 +0.12° 5.63 +0.02° 4.70 +0.05 4.7940.01°
Yellow-purple 4.567 +0.06" 4.62+0.06" 4.57+0.07° 4.7140.04
Purple 6.66 + 0.08° 5.32+0.05° 5.84+0.13" 6.40 + 0.03°
Ash (g/100 g DM) Yellow 7.18 +0.08" 5.22+0.35" 5.60 +0.07° 5.23 +0.05°
Yellow-purple 5.23 +0.09° 4.81+0.09° 529 +0.01° 4.12+0.02°
Purple 6.36 +0.03" 5.89 +0.02° 5.78 +0.14° 5.79 +0.10°

Fiber (g/100 g DM) Yellow 5.99 +0.12° 5.93 +0.03* 5.93 +0.04° 6.2 +0.06*
Yellow-purple 5.23 +0.03° 5.91 +0.06" 5.85 +0.04" 5.79+0.13"
Purple 70.73 +0.16 76.99 +0.21¢ 75.96 + 0.30° 74.96 +0.02°
Carbohydrate (g/100 g DM) Yellow 74.40 £0.11* 75.64 +0.31° 76.82 +0.25° 73.79 £0.07°
Yellow-purple 77.33 +0.03 77.50 £0.17° 76.98 + 0.20° 77.43 +0.06"
Purple 53.32 +2.85° 40.38 +1.18% 44.95+1.52° 35.66 + 0.26
Calcium (mg/100 g DM) Yellow 51.34 +1.06° 38.21 +1.05% 4539 +1.58" 35.61 +0.53°
Yellow-purple 37.81+0.55 35.9840.61° 46.89 +0.55° 34.78 +0.86

Phosphorus (mg/100 g DM)

Purple
Yellow
Yellow-purple

191.55 + 8.36°
179.31 + 3.40°
139.90 + 2.68"

Purple 7.74+0.39"
Iron (mg/100 g DM) Yellow 7.61+0.12°
Yellow-purple 7.36 +0.06”

Potassium (mg/100 g DM)

Purple
Yellow
Yellow-purple

1767.26 +19.13%

1789.28 + 7.47°
1743.54 £9.13"

Purple 9.940 + 0.08°
Zinc (ppm) Yellow 11.63 £ 0.03¢
Yellow-purple 11.99 £ 0.06°
Purple 0.00 +0.00*
B-Carotene (ug/g DM) Yellow 89.58 + 1.180°

Yellow-purple

336.33+3.21¢

Purple 2.63+£0.01°
Vitamin C (mg/g DM) Yellow 1.54 +0.001¢
Yellow-purple 0.90 £ 0.003*

146.95 + 5.15°
142.47 +3.82%
132.18 + 3.08"

166.69 + 4.89%°
155.92 + 8.37%
138.97 +3.29°

179.98 +2.61%°

143.24 +2.57%
114.56 + 0.44°

7.60 +0.01% 76.85 +0.35% 7.57 +0.15%
7.81 +0.45% 7.51 +0.04* 7.60 +0.14*
7.66 £0.38% 7.22+£0.07% 7.02+0.17%

1875.61 + 15.38%

2021.15 + 5.45°

1789.77 + 11.64"

1829.78 +32.297
1723.42 + 54.33°
1751.92 +23.92*

1729.18 + 32.77*
1773.84 + 19.57°
1781.32 +25.91*

7.41+0.16° 8.42 +0.05° 4.11+0.10°
7.25+0.02° 4.15+0.03* 6.11+0.10°
6.11 +0.02° 4.53 +0.04° 6.18 £ 0.05°
5.65+0.8° 0.00 + 0.00° 0.00 + 0.00°
715.95 + 84.03¢ 613.99 + 1.61° 18.10 £0.13°
13.70 + 0.44° 6.91 +0.03° 15.09 £ 0.19°
4.46 +0.01¢ 1.31 + 0.0004° 1.21 +0.002°
1.17 £0.01¢ 0.95+0.001° 0.53 +0.002°
3.36 +0.002¢ 1.32 £0.003° 1.76 +0.002°

*Expressed in FM (fresh matter) and DM (dry matter). **The results are presented as the SD of the means. Means with different superscripts (alphabets) in
the same column are significantly different, p < 0.05.

77.50£0.17g/100g DM). The fraction of carbohydrates
consists mainly of starch, in the form granules, whose com-
ponents are amylase 27% and amylopectin 73% [7]. Starch
can be used for the microencapsulation of bioactive com-
pounds as it has good viscoelastic properties [30].

The fiber content was ranged 5.23 +0.03 to 6.36 + 0.03
g/100 g DM. This range is similar (6.9 g/100 g DM) to those

reported by Choquechambi et al. [31]. From a nutritional
point of view, this value of fiber might be helpful in terms
of maintaining positive effect on intestine and colon physiol-
ogy, besides other homeostatic and therapeutic functions in
human nutrition [32]. Dietary fiber is known to have bene-
ficial health effects, relieving functional constipation, a com-
mon gastrointestinal problem in children [33].
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FI1GURE 2: Sample HPLC chromatogram of f3-carotene at 450 nm.

The analysis of the mineral content is presented in
Table 1. The high quantity of potassium and phosphorus
was obtained from mashua tubers, while the low zinc and
iron were detected. The potassium content in each genotype
was affected by the place of origin; in yellow mashua, it
ranged between 1723.42 + 54.55 and 2021.15 + 5.45 mg/100
g DM, in purple from 1729.18 + 32.77 to 1875.61 £ 15.38
mg/100 g DM, and in yellow-purple from 1743.54 + 9.13 to
1789.77 + 11.64 mg/100 g DM. The potassium content was
the highest to the values reported (1484 mg/100g of DM)
previously, and this tuber is ideal for hypertensive peo-
ple [11].

B-Carotene of three genotypes of mashua cultivated in
four agroecological areas was analyzed (Table 1). The agro-
ecological areas affected the f-carotene content of mashua,
with the highest content found in the agroecological areas
of Chucuito followed by Puno, Collao, and finally Yunguyo
(Figure 2). The vyellow genotype presented the highest
amount of f-carotene (18.10+£0.13 to 715.95 + 84.03 ug/g
DM), followed by yellow-purple (6.91+0.03 to 336.21 +
3.21 ug/g DM). The purple one presented very little amount
of B-carotene (5.65+ 0.80ug/g DM). These results were
similar to those reported (125 ug/g DM) by Pérez and Apaza
[11]. This variation could be mainly due to differences in
geographic locations [34]. a-Carotene, f-carotene, and f-
cryptoxanthin are provitamin A carotenoids, meaning they
can be converted by the body to retinol. Natural vitamin A
exists only in animal tissues; in vegetables, it is found as pro-
vitamin A in the form of carotenes, which is transformed
into vitamin A in the human body [35]. Vitamin A is a
fat-soluble vitamin; these organic molecules cannot be pro-
duced in our body and therefore should be taken from foods
with daily diet [36]; they are also needed for growth, vision,
reproduction, production of enzymes, and differentiation of
epithelial cells [37].

In Table 1, it is shown that the agroecological areas
affected the content of vitamin C in the three genotypes of
mashua. The purple presented the highest amount of vita-
min C (1.21 £0.002 to 4.46 + 0.01 mg/g DM), followed by

yellow-purple (0.90 + 0.003 to 3.36 + 0.002mg/g DM), and
finally, the yellow presented very little amount of vitamin
C (0.53 £0.002 to 1.54 + 0.0001 mg/g DM). The amount of
ascorbic acid was similar to that reported by Campos et al.
[9] and Pérez and Apaza [11] (4.80 mg/g DM and 2.0 mg/g
DM, respectively). The mashua tuber presents important
contents of vitamin C in comparison with other tuber crops
[38]. Vitamin C is important in the human diet as a nutritive
substance and is also a powerful antioxidant effective against
oxidative stress, and it is vital for the growth and mainte-
nance of healthy bones, teeth, gums, ligaments, and blood
vessels [39, 40]. Vitamin C is very unstable, and it is drasti-
cally lost during storage [39], freezing [41], and cooking [42].

3.2. Amino Acid Compound. Seventeen amino acids in total,
essential and nonessential, were quantified in the purple, yel-
low, and yellow-purple mashua genotypes (Table 2). The
agroecological areas affected the total amino acid content
of three genotypes, with the highest content found in the
agroecological area of Yunguyo following Puno and finally
Collao. The amounts of total free amino acids in purple
ranged from 3.592 +0.320 mg/g DM to 4.659 + 0.355mg/g
DM, whereas in yellow genotype, the highest levels of amino
acids were detected in Yunguyo (6.825 + 0.45 mg/g DM) and
lowest in Collao (2.763 + 0.42 mg/g DM); likewise in yellow-
purple, the highest levels of amino acids were detected in
Ilave (4.032+0.232mg/g DM) and lowest in Yunguyo
(3.478 £0.132mg/g DM). This result was similar to that
reported by [31].

Nine essential amino acids, including histidine, isoleu-
cine, leucine, lysine, methionine, phenylalanine, threonine,
tryptophan, and valine, cannot be synthesized in the human
organism and must be provided in the diet [43] and must
have through the diet contributed 5 to 13% of the total free
amino acids [44], amongst that yellow with purple mashua
genotype showed highest percentages of amino acid accu-
mulation. The content of individual amino acids varied con-
siderably in purple, yellow, and vyellow with purple
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TaBLE 2: Effect of agroecological areas on the content of amino acids (mg/g DM) from the three mashua genotypes®.
Amino acid Mashua genotypes A.groecological areas’*
Collao Chucuito Puno Yunguyo
Purple 0.11 +0.08° 0.329 +0.014" 0.275+0.01° 0.438 + 0.04°
Aspartic acid Yellow 0.344 + 0.02° 0.340 + 0.04° 0.334 +0.02° 0.792 +0.05"
Yellow-purple 0.264 +0.02° 0.185+0.01° 0.348 + 0.03° 0.364 +0.001°
Purple 0.30 +0.01° 0.346 + 0.009° 0.226 +0.01° 0.302+0.01°
Glutamic acid Yellow 0.364 +0.02°° 0.329 +0.02° 0.417 £0.03" 0.549 +0.02°
Yellow-purple 0.305 +0.02" 0.264 +0.02° 0.219+0.01° 0.306 + 0.05°
Purple 0.47 +0.01° 0.382 + 0.006 0.361 +0.01° 0.479 +0.02°
Serine Yellow 0.456 +0.01° 0.475 +0.02° 0.515 +0.02° 0.745 +0.02°
Yellow-purple 0.395+0.01° 0.356 + 0.02° 0.371 +0.02° 0.400 +0.01°
Purple 0.08 +0.001° 0.094 +0.01¢ 0.052 +0.01° 0.071 +0.002"
Histidine Yellow 0.120 + 0.08° 0.075 + 0.04% 0.074 +0.01° 0.096 +0.01°
Yellow-purple 0.104 +0.01° 0.071+0.01° 0.059 + 0.004° 0.049 + 0.004*
Purple 0.33+0.01° 0.303 +0.002" 0.236 +0.01° 0.308 +0.01°
Glycine Yellow 0.392 + 0.005 0.398 +0.02° 0.428 +0.02° 0.445 +0.02°
Yellow-purple 0.367 +0.01° 0.274 + 0.004* 0.264 + 0.003 0.298 +0.01°
Purple 0.51+0.01¢ 0.336 +0.03" 0.382+0.01° 0.468 +0.02°
Threonine Yellow 0.440 +0.01° 0.485+0.01° 0.504 + 0.02° 0.694 +0.01°
Yellow-purple 0.369 +0.01° 0.374 +0.01° 0.376 +0.01° 0.406 +0.003"
Purple 0.16 + 0.004° 0.334 +0.08° 0.135+0.02° 0.210 £0.01°
Arginine Yellow 0.592 +0.01° 0.193 +0.13 0.264 +0.02° 0.340 + 0.005
Yellow-purple 0.419 +0.02° 0.245+0.01° 0.159 + 0.004* 0.152 +0.01°
Purple 0.14 +0.02> 0.123 +0.02% 0.116 + 0.004* 0.147 + 0.004°
Alanine Yellow 0.406 + 0.01° 0.158 +0.05° 0.173 +0.01° 0.249 +0.02°
Yellow-purple 0.257 +0.01° 0.117 +0.01° 0.123+0.01° 0.129 +0.002
Purple 0.54+0.01° 0.263 +0.07° 0.382+0.01°° 0.452 +0.003"
Tyrosine Yellow 0.403 +0.01° 0.464 +0.01° 0.472+0.01° 0.576 + 0.004°
Yellow-purple 0.303 +0.01° 0.325 +0.004° 0.352 +0.002° 0.391+0.01¢
Purple ND ND ND ND
Cystine Yellow ND ND ND ND
Yellow-purple ND ND ND ND
Purple 0.43 +0.01° 0.328 +0.05° 0.321 +0.02° 0.393 +0.01°
Valine Yellow 0.105+0.01° 0.358 +0.03 0.317 +0.001° 0.422 +0.01°
Yellow-purple 0.241 +0.06 0.289 +0.01° 0.283 +0.01° 0.219 +0.002°
Purple ND ND 0.106 +0.18" 0.115 +0.02°
Methionine Yellow ND ND 0.128 +0.02* 0.139 +0.02%
Yellow-purple ND ND ND ND
Purple 0.10 +0.002° 0.102 + 0.04° 0.092 + 0.002 0.119 +0.01°
Phenylalanine Yellow 0.105+0.01° 0.169 % 0.001° 0.127+0.01° 0.205 + 0.005°
Yellow-purple 0.099 +0.01° 0.089 + 0.003% 0.091 + 0.004° 0.080 + 0.003°
Purple 0.84 +0.03° 0.604 +0.012° 0.649 +0.01° 0.820 +0.02°
Isoleucine Yellow 0.732 +0.08 0.821 +0.01% 0.772 +0.03° 1.086 +0.02°
Yellow-purple 0.552 +0.02° 0.584 +0.02°° 0.683 + 0.02° 0.612 +0.002°
Purple 0.14 +0.004 0.173 +0.05" 0.124+0.01° 0.178 +0.01°
Leucine Yellow 0.190 + 0.003 0.187 + 0.004° 0.197 +0.01° 0.297 +0.005"
Yellow-purple 0.179 +0.01° 0.140 +0.01° 0.137 + 0.009* 0.142 +0.01°
Purple 0.18 + 0.004° 0.143 +0.05 0.135+0.01° 0.159 +0.01°
Lysine Yellow 0.208 +0.01° 0.210 +0.02° 0.213+0.01° 0.191 +0.01°
Yellow-purple 0.179 +0.01° 0.163 +0.01°° 0.153 + 0.004* 0.156 +0.01
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TaBLE 2: Continued.
Amino acid Mashua genotypes A.groecological areas’*
Collao Chucuito Puno Yunguyo
Purple ND ND ND ND
Proline Yellow ND ND ND ND
Yellow-purple ND ND ND ND
Purple 4.45+0.194 3.859 +0.082 3.592 +£0.320 4.659 £0.355
Total amino acid Yellow 2.763 +0.42 4.664 +0.29 4.935+0.43 6.825+0.45
Yellow-purple 4.032£0.232 3.478 £0.132 3.617 £0.147 3.704 £ 0.091

*Three mashua genotypes are yellow, purple, and yellow-purple. Expressed in DM (dry matter). **The means within a row with different letters are

significantly different at p < 0.05. ND: not detected.

genotypes, according to the location. Vegetables are good
sources of all essential amino acids required for humans,
but same vegetables may contain the trace amount to essen-
tial amino acids [44].

Among the different genotypes such as violet, yellow,
and yellow with violet eyes, they contain comparatively
higher amounts of isoleucine and lower amounts of phenyl-
alanine aromatic amino acids. Valine is found in similar
reports [11], while in other Andean tubers, phenylalanine
+tyrosine was found in olluco and leucine in oca [45]. High
levels of isoleucine were found in purple mashua from the
agroecological area of Chucuito (15.42+0.31mg/100g
FW), followed by  yellow  from Yunguyo
(13.40 £ 0.28 mg/100 g FW) and yellow-purple from Collao
(13.34+£0.59mg/100 g). Leucine, isoleucine, and valine are
branched chain amino acids (BCAA), are critical to human
life, and are particularly involved in stress, energy, and mus-
cle metabolism [46].

The catabolism of these three amino acids is controlled
by a common flux-generating step, their catabolic disposal
occurs largely in the skeletal muscle, their circulating con-
centrations can influence the brain uptake of precursor
amino acids for neurotransmitter synthesis, and they can
regulate protein synthesis in a variety of tissues [47]. Only
recently, supplemental amounts of branched chain amino
acids (BCAA), including leucine (Leu), isoleucine (Ile), and
valine (Val), are shown to accelerate a recovery from muscle
damages, soreness, and fatigues after exercise [48]. Further-
more, free amino acids contribute to the taste of vegetables,
like sweetness because of the presence of glycine and alanine
and bitterness because of the valine and leucine, and aspartic
acid and glutamate have sour tastes [44]. It is evident that a
large amount of variation exists in amino acid quality. It is
also evident from our job that the limiting amino acids in
these tubers consumed as a complete food are valine and
tryptophan [45].

Amino acids are building blocks of proteins and poly-
peptides [49]. In plants, the amino acids are also involved
in a plethora of cellular reactions, and therefore, they influ-
ence a number of physiological processes such as plant
growth and development, intracellular pH control, genera-
tion of metabolic energy or redox power, and resistance to
both abiotic and biotic stress [50]. In humans, the amino
acids are key regulators of gene expression and the protein
phosphorylation cascade and act as precursors for synthesis

of hormones and low-molecular matter nitrogenous sub-
stances with enormous biological importance such as nitric
oxide, polyamines, glutathione, and taurine [51]. Among
all the amino acids, some may be synthesized in the body,
while others cannot be synthesized in the body at a rate nec-
essary for normal growth and hence must be supplied in the
diet [52]. Protein quality is determined by digestibility and
by its content of essential amino acids [53]. The amino acid
needs of the body vary with age, health status, energy bal-
ance, and physiological conditions [54]. Free amino acids
(FFA) from plants can have a dual role in the diet. They
are basic components of proteins and polypeptides, but they
can also react with other components of the diet to give a
sweet flavor to humans, such as when FFA react with free
sugars during heating to produce browning products, one
of which, acrylamide, is reported to cause numerous adverse
effects in the cells, animals, and possibly also humans [55].
The analysis of amino acids is of great importance due to
nutritional values and labeling requirements, control of pro-
cess operating conditions, and identification of food origin
as used in various products [56].

3.3. Bioactive Compound. The contents of bioactive com-
pounds in the three genotypes of mashua from different
agroecological areas are shown in Figure 3. A significant var-
iation was observed for the anthocyanin content in the sam-
ples. The total anthocyanin content in purple mashua
ranged from 29.20 + 0.44 to 148.90 + 0.14 mg/g DM, while
in yellow-purple, there was very little amount of total antho-
cyanins (0.79 £0.03mg/100g DM). However, in yellow
mashua, the presence of total anthocyanins was not detected.
The anthocyanin content of the purple genotype
(Figure 3(a)) was similar to those obtained by Veldsquez et al.
[57], where they found anthocyanin concentrations of
34.58 +0.127 mg/g DM. These values were higher than
those obtained by [5, 25, 31, 58], where they found anthocy-
anin concentrations of 3.7 to 8.7mg/100g, 11.4 to 13.6 mg/g,
0.5 to 2.05mg/g, and 0.01 to 3.63mg/g DM, respectively.
Mashua with purple pigmentations shows higher anthocya-
nin content compared to genotypes with yellow pulps [5].
It seemed that anthocyanin was the main compound provid-
ing color in the darkest colored mashua landrace [31].

The total flavonoid content of three genotypes of mashua
tubers from different agroecological areas is presented in
Figure 3(b). This content was from 0.027 + 0.001 to 0.453 +
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FiGure 3: Effect of agroecological areas on the content of total anthocyanins (TA), total flavonoids (TFA), total phenolics (TP), activity
antioxidant (CA), and tannins (TA) from the three mashua genotypes*. *Three mashua genotypes are yellow, purple, and yellow-purple.
Expressed in DM (dry matter), GAE (gallic acid equivalents), TE (Trolox equivalents), CGE (cyaniding 3-glociside equivalents), CE
(catechin equivalents), TAE and (tannic acid equivalents). The means within a row with different letters are significantly different at p <

0.05. ND: not detected.

0.001 mg/g DM. A significant variation was observed for the
total content of flavonoids in the samples; this was affected
by the genotype and the agroecological area. The purple
mashua presented the highest amount of flavonoids
(0.109+0.002 to 0.453+0.002), followed by yellow

(0.047 £0.00 to 0.164+0.001 mg/g DM), and very little
amount of total flavonoids was found in yellow-purple
(0.027 + 0.0004 to 0.086 + 0.001 mg/g DM). The total content
of flavonoids in mashua tubers was lower than those obtained
by [16, 57, 59], where they found total flavonoid
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concentrations of 1.39+0mg/g DM, 1.8£0.3 to 7.8+0.4
mg CE/g extract DM, and 0.2 to 5.3 mg/g catechin equivalents
DM, respectively. Flavonoid content in mashua samples
depends upon the geographical origin and ecosystem [60].
The degradation of flavonoids depends on their structure,
temperature, storage time, pH, oxygen, and other phytochem-
icals [57].

The total contents of phenolic of three genotypes of
mashua tuber from different agroecological areas were from
1.16 £0.03 to 11.43 + 0.05 mg/g (Figure 3(c)). A significant
variation of agroecological areas on total phenolics was
observed in the three genotypes. The purple mashua pre-
sented the highest amount of total phenolic (3.85+ 0.02 to
11.43 £ 0.05mg/g DM), followed by yellow (1.82+0.03 to
4.05 + 0.04 mg/g DM), and very little amount of total phe-
nolic was found in yellow-purple (1.16 +0.03 to 2.25+
0.02mg/g DM). In the agroecological zone of Chucuito,
the highest amount of total phenols was found in the purple
mashua. The total content of phenols in the mashua tuber
was similar to those obtained by Chirinos et al. [25] who
reported from 0.20 to 22.0 mg CE/g DM. The results depend
on the mashua genotype, solvent type, pH, methanol/water
ratio, and different acidified solvents [16].

The contents of antioxidant activity of three genotypes of
mashua tuber from different agroecological areas were from
29.59£0.23 to 438.56 +2.06 uM/g DM in three genotypes
from different agroecological areas (Figure 3(d)). A significant
variation of agroecological areas on the content of antioxidant
activity was observed in the three genotypes. The yellow
mashua presented the highest amount of antioxidant activity
(112.00 + 29.51 to 438.56 + 2.06 uM/g DM), followed by pur-
ple (44.58 + 0.12 to 272.35 + 16.78 uM/g DM), and very little
amount of antioxidant activity was found in yellow-purple
(29.59 + 0.23 to 205.45 + 1.10 uM/g DM).

The purple mashua was found with the highest amount
in the agroecological area of Chucuito. The total content of
antioxidant activity in the mashua tuber was similar to those
obtained by Chirinos et al. [25] who reported from 4 to
402 yM TE/g DM and from 80 to 378 uM TE/g reported
by [16]. The content of antioxidant activity depends on the
genotype, solvent type, pH, methanol/water ratio, and differ-
ent acidified solvents. The purple mashua presented the
highest ranking for antioxidant capacity [16].

The content of tannin acid was from 0.39+0.02 to
2.96 + 0.07mg/g DM in three genotypes of mashua tuber
from different agroecological areas (Figure 3(e)). The purple
presented the highest amount of tannin acid (1.44 + 0.04 to
2.96 £0.07mg/g DM), followed by yellow with purple
(0.39 +£0.02 uM/g DM); however, in yellow, the presence of
tannin acid was not detected. Tannins are defined as pheno-
lic compounds of high molecular matter ranging from
500Da to more than 3000 Da which they found in plant
leaves, bark, fruit, wood, and roots located basically in the
tissues in the vacuoles [61]. The anticarcinogenic and anti-
mutagenic potentials of tannins may be related to their anti-
oxidative property, which is important in protecting cellular
oxidative damage, including lipid peroxidation. The growth
of many fungi, yeasts, bacteria, and viruses was inhibited
by tannins [28].
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4. Conclusions

This study demonstrated for the first time that the content of
vitamins, amino acids, and bioactive compounds in mashua
is influenced by ecological areas and its genotype. The yel-
low, purple, and yellow-purple genotypes have significant
amounts of protein, fiber, phosphorus, potassium, zinc,
and vitamin C. The amounts of total free amino acids in
the mashua genotypes were found higher concentration
aspartic acid, glutamic acid, serine, glycine, threonine, tyro-
sine, valine, and isoleucine. Higher amounts of total pheno-
lic, tannins, total flavonoids, and total anthocyanins were
found in purple from the agroecological areas of Yunguyo
and Puno. The yellow genotypes contained a good amount
of B-carotene and antioxidant activity. In general, these
results suggested that mashua tubers grown in extreme con-
ditions in the Peruvian Altiplano region could be interesting
as a nutritious food and curative and natural source of func-
tional ingredients for Andean communities and the world.

Data Availability

Table and figure data used to support the conclusions of this
study are included in the article.

Conflicts of Interest

The authors declare that there is no conflict of interest
regarding the publication of this paper.

Acknowledgments

The authors thank the National University of the Altiplano
de Puno for funding research projects for research institutes.

References

[1] A. Aguilar-Galvez, R. Pedreschi, S. Carpentier, R. Chirinos,
D. Garcia-Rios, and D. Campos, “Proteomic analysis of
mashua (Tropaeolum tuberosum) tubers subjected to posthar-
vest treatments,” Food Chemistry, vol. 97, pp. 101145-101145,
2019.

[2] A. Morillo, Y. Morillo, and Y. Tovar, “Caracterizaciéon Molec-
ular de cubios (Tropaeolum tuberosum Ruiz y Pavén) en el
departamento de Boyacde,” Revista de Ciencias Agricolas,
vol. 33, no. 2, pp. 32-4232, 2016.

[3] G. Aire-Artezano, R. Charaja-Vildoso, H. De la Cruz-Santiago
et al,, “Effect of Tropaeolum tuberosum against benign pros-
tatic hyperplasia induced in Holtzman rats,” Cimel Ciencia e
Investigacion Médica Estudiantil Latinoamericana, vol. 18,
no. 1, pp. 03-09, 2013, Available: http://www.redalyc.org/
articulo.oa?id=71729338001.

[4] J. Leiva-Revilla, I. Cirdenas-Valencia, J. Rubio et al., “Evalua-
tion of different doses of mashua (Tropaeolum tuberosum)
on the reduction of sperm production, motility and morphol-
ogy in adult male rats,” Andrologia, vol. 44, pp. 205-212, 2012.

[5] L. Benitez, M. J. Pagan, J. Martinez-Monz6, and P. Garcfa-
Segovia, “Functional properties of Andean tubers from the
Andean region of Chimborazo (Ecuador): a review,” Spanish
Journal of Community Nutrition, vol. 22, no. 4, pp. 28-33,
2016.


http://www.redalyc.org/articulo.oa?id=71729338001
http://www.redalyc.org/articulo.oa?id=71729338001

International Journal of Food Science

(6]

(8]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

R. Aruquipa, R. Trigo, H. Bosque, G. Mercado, and J. Condori,
“Isaiio (Tropaeolum tuberosum) a crop for consumption and
traditional medicine in Huatacana for the benefit of the Boliv-
ian population,” RIIARn, vol. 3, no. 2, pp. 146-151, 2017,
Available: http://www.revistasbolivianas.org.bo/pdf/riiarn/
v3n2/v3n2_a04.pdf.

D. Guevara-Freire, L. Valle-Velastegui, M. Barros-Rodriguez
et al.,, “Nutritional composition and bioactive components of
mashua (Tropaeolum tuberosum Ruiz and Pavon),” Tropical
and Subtropical Agroecosystems, vol. 21, 2018.

M. Valle-Parra, P. Pomboza-Tamaquiza, M. Buenafio-Sanchez
et al., “Morphology, phenology, nutrients and yield of six
accessions of Tropaeolum tuberosum Ruiz y Pav (mashua),”
Tropical and Subtropical Agroecosystems, vol. 21, pp. 131-
139, 2018.

D. Campos, R. Chirinos, L. Gélvez Ranilla, and R. Pedreschi,
Bioactive Potential of Andean Fruits, Seeds, and Tubers, vol. 84-
Elsevier Inc., 1st edition, 2018.

M. T. Pacheco, M. T. Escribano-Bailén, F. J. Moreno,
M. Villamiel, and M. Dueilas, “Determination by HPLC-
DAD-ESI/MSn of phenolic compounds in Andean tubers
grown in Ecuador,” Journal of Food Composition and Analysis,
vol. 84, p. 103258, 2019.

V. Pérez and L. N. Apaza, “Local/traditional uses, secondary
metabolites and biological activities of Mashua (Tropaeolum
tuberosum Ru iz & Pavon),” Journal of Ethnopharmacology,
vol. 247, p. 112152, 2020.

L. Apaza and V. Tena, “Alkamides from Tropaeolum tubero-
sum inhibit inflammatory response induced by TNF -« and
NF-«B,” Journal of Ethnopharmacology, vol. 235, pp. 199-
205, 2019.

E. Flores Mamani, J. Apaza Ticona, W. C. Calsina Ponce et al.,
“Ancestral knowledge in prostate healing based on isafio (Tro-
paeolum tuberosum Ruiz y Pavon),” Idesia (Arica), vol. 38,
no. 4, pp. 7-16, 2020.

D. Campos, R. Chirinos, L. G. Ranilla, and R. Pedreschi, Chap-
ter Eight-Bioactive Potential of Andean Fruits, Seeds, and
Tubers, F.B. T.-A, F., and N. R. Toldr4, Eds., vol. 84, Aca-
demic Press, 2018.

P. C. Aguilar and S. E. Jacobsen, “Cultivation of quinoa on the
Peruvian Altiplano,” Food Review International, vol. 19, no. 1-
2, pp. 31-41, 2003.

R. Chirinos, D. Campos, C. Arbizu et al., “Effect of genotype,
maturity stage and post-harvest storage on phenolic com-
pounds, carotenoid content and antioxidant capacity, of
Andean mashua tubers (Tropaeolum tuberosum Ruiz &
Pavon),” Journal of the Science of Food and Agriculture,
vol. 87, no. 3, pp. 437-446, 2007.

P. S. Kindstedt and F. V. Kosikowski, “Improved complexo-
metric determination of calcium in cheese,” Journal of Dairy
Science, vol. 68, no. 4, pp- 806-809, 1985.

L. Kozak, P. Niedzielski, and W. Wachowiak, “The tandem
analytical method of flow injection diode array spectropho-
tometry and flame atomic absorption spectrometry (FI-DAD(-
vis)-FAAS) in iron speciation studies using 1,10-
phenanthroline complexes,” Microchemical Journal, vol. 110,
pp. 54-60, 2013.

R. P. Mihajlovi¢, V. M. Kaljevi¢, M. P. Vukasinovi¢, L. V.
Mihajlovi¢, and L. D. Panti¢, “Spectrophotometric method for
the determination of phosphorus in natural waters using the
bismuth-phosphomolybdate complex,” Water SA, vol. 33,
no. 4, pp. 513-517, 2007.

(20]

(21]

(22]

(23]

(24]

(25]

[26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

11

K.S. Crane, B. L. Webb, P. S. Allen, and V. D. Jolley, “A rapid
turbidimetric potassium test modified for use with the pressur-
ized hot-water extraction,” Communications in Soil Science
and Plant Analysis, vol. 36, no. 19-20, pp. 2687-2697, 2005.

K. Y. Khan, M. A. Khan, R. Niamat et al., “Element content
analysis of plants of genus Ficus using atomic absorption spec-
trometer,” African journal of pharmacy and pharmacology,
vol. 5, no. 3, pp. 317-321, 2011.

S. Rivera and R. Canela, “Influence of sample processing on the
analysis of carotenoids in maize,” Molecules, vol. 17, no. 9,
pp. 11255-11268, 2012.

D. Campos, A. Aguilar-Galvez, D. Garcia-Rios, R. Chirinos,
E. Limaymanta, and R. Pedreschi, “Postharvest storage and
cooking techniques affect the stability of glucosinolates and
myrosinase activity of Andean mashua tubers (Tropaeolum
tuberosum),” International Journal of Food Science and Tech-
nology, vol. 54, no. 7, pp. 2387-2395, 2019.

J. Lee, R. Durst, and R. Wrolstad, “AOAC official method
2005.02 total monomeric anthocyanin pigment content of
fruit juices, beverages, natural colorants, and wines by the
pH differential method first action 2005,” Official Methods of
Analysis of AOAC International, 2005.

R. Chirinos, H. Rogez, D. Campos, R. Pedreschi, and
Y. Larondelle, “Optimization of extraction conditions of anti-
oxidant phenolic compounds from mashua (Tropaeolum
tuberosum Ruiz & Pavon) tubers,” Separation and Purification
Technology, vol. 55, no. 2, pp. 217-225, 2007.

C. C. Chang, M. H. Yang, H. M. Wen, and J. C. Chern, “Esti-
mation of total flavonoid content in propolis by two comple-
mentary colometric methods,” Journal of Food and Drug
Analysis, vol. 10, no. 3, pp. 178-182, 2002.

R. Chirinos, R. Pedreschi, H. Rogez, Y. Larondelle, and
D. Campos, “Phenolic compound contents and antioxidant
activity in plants with nutritional and/or medicinal properties
from the Peruvian Andean region,” Industrial Crops and Prod-
ucts, vol. 47, pp. 145-152, 2013.

T. P. Durgawale, P. P. Durgawale, and C. C. Khanwelkar,
“Quantitative estimation of tannins by HPLC,” Der Pharmacia
Lettre, vol. 8, no. 3, pp. 123-126, 2016.

B. Valcarcel-Yamani, G. G. Rondén-Sanabria, and F. Finardi-
Filho, “The physical, chemical and functional characterization
of starches from Andean tubers: oca (Oxalis tuberosa Molina),
olluco (Ullucus tuberosus Caldas) and mashua (Tropaeolum
tuberosum Ruiz & Pavon),” Brazilian Journal of Pharmaceuti-
cal Sciences, vol. 49, no. 3, pp. 453-464, 2013.

F. Veldsquez-Barreto and C. Velezmoro, “Rheological and vis-
coelastic properties of Andean tubers starches,” Scientia Agro-
pecuaria, vol. 9, no. 2, pp. 189-197, 2018.

L. A. Choquechambi, I. R. Callisaya, A. Ramos et al., “Asses-
sing the Nutritional Value of Root and Tuber Crops from
Bolivia and Peru,” Foods, vol. 8, no. 11, p. 526, 2019.

D. Campos, I. Betalleluz, R. Tauquino, R. Chirinos, and
R. Pedreschi, “Nutritional and functional characterisation of
Andean chicuru (Stangea rhizanta),” Food Chemistry,
vol. 112, no. 1, pp. 63-70, 2009.

Y. Vandenplas, B. Hegar, Z. Munasir et al., “The role of soy
plant-based formula supplemented with dietary fiber to sup-
port children’s growth and development: an expert opinion,”
Nutrition, vol. 90, p. 111278, 2021.

M. Dejene, J. Yuen, and R. Sigvald, “Effects of storage methods,
storage time and different agro-ecological zones on chemical


http://www.revistasbolivianas.org.bo/pdf/riiarn/v3n2/v3n2_a04.pdf
http://www.revistasbolivianas.org.bo/pdf/riiarn/v3n2/v3n2_a04.pdf

12

(35]

(36]

(37]

(39]

(40]

[41]

(42]

(43]

(44]

(45]

(46]

components of stored sorghum grain in Hararghe, Ethiopia,”
Journal of Stored Products Research, vol. 42, no. 4, pp. 445-
456, 2006.

Y. Hu, L. Zhang, Y. Zhang et al., “Effects of starch and gelatin
encapsulated vitamin A on growth performance, immune sta-
tus and antioxidant capacity in weaned piglets,” Animal Nutri-
tion, vol. 6, no. 2, pp. 130-133, 2020.

K. Késeoglu, H. 1. Ulusoy, E. Yilmaz, and M. Soylak, “Simple
and sensitive determination of vitamin A and E in the milk
and egg yolk samples by using dispersive solid phase extraction
with newly synthesized polymeric material,” Journal of Food
Composition and Analysis, vol. 90, 2020.

Y. Chen, R. M. Reddy, W. Li, R. R. Yettlla, S. Lopez, and
M. Woodman, “Development and validation of a high perfor-
mance liquid chromatographic method for simultaneous
determination of vitamins A and D3 in fluid milk products,”
Journal of AOAC International, vol. 98, no. 2, pp. 390-396,
2015.

S. Espin, E. Villacrés, and B. Brito, “Physical-chemical, nutri-
tional and functional characterization of Andean roots and
tubers chemical composition and nutritional value of RTAs,”
Alternative Andean Roots and Tubers for Conservation and
Sustainable Use in Ecuador, pp. 92-116, 2004, Available:
http://cipotato.org/wp-content/uploads/2014/06/RTAs_
Ecuador_04.pdf.

J. H. Yamdeu, P. M. Mankad, A. K. Shah, N. J. Patel, R. R.
Acharya, and J. G. Talati, “Effect of storage temperature on
vitamin C, total phenolics, UPLC phenolic acid profile and
antioxidant capacity of eleven potato (Solanum tuberosum)
varieties,” Horticultural Plant Journal, vol. 3, no. 2, pp. 73-
89, 2017.

P. C. Njoku, A. A. Ayuk, and C. V. Okoye, “Temperature
effects on vitamin C content in citrus fruits,” Pakistan Journal
of Nutrition, vol. 10, no. 12, pp. 1168-1169, 2011.

A. G. Pugliese, F. A. Tomas-Barberan, P. Truchado, and M. L.
Genovese, “Flavonoids, proanthocyanidins, vitamin C, and
antioxidant activity of theobroma grandiflorum (Cupuassu)
pulp and seeds,” Journal of Agricultural and Food Chemistry,
vol. 61, no. 11, pp. 2720-2728, 2013.

A. 1 R.N. A. Barros, F. M. Nunes, B. Gonalves, R. N. Bennett,
and A. P. Silva, “Effect of cooking on total vitamin C contents
and antioxidant activity of sweet chestnuts (Castanea sativa
Mill.),” Food Chemistry, vol. 128, no. 1, pp. 165-172, 2011.

A.G.A.S4,Y. M. F. Moreno, and B. A. M. Carciofi, “Plant pro-
teins as high-quality nutritional source for human diet,”
Trends in Food Science and Technology, vol. 97, pp. 170-184,
2020.

S. Park, M. Valan Arasu, M. K. Lee et al.,, “Quantification of
glucosinolates, anthocyanins, free amino acids, and vitamin
C in inbred lines of cabbage (Brassica oleracea L.),” Food
Chemistry, vol. 145, pp. 77-85, 2014.

S. R. King and S. N. Gershoft, “Nutritional evaluation of three
underexploited andean tubers: Oxalis tuberosa (Oxalidaceae),
Ullucus tuberosus (Basellaceae), and Tropaeolum tuberosum
(Tropaeolaceae),” Economic Botany, vol. 41, no. 4, pp. 503
511, 1987.

S. H. M. Gorissen and S. M. Phillips, “Branched-chain amino
acids (leucine, isoleucine, and valine) and skeletal muscle,” in
Elsevier Inc., 2019.

(47]

(48]

(49]

(50]

(51]

(52]

(53]

(54]

(55]

(56]

(57]

(58]

International Journal of Food Science

K. R. Karlsson, R. Ko, and E. Blomstrand, “Branched-chain
amino acids : metabolism, physiological function, and applica-
tion branched-chain amino acids activate key enzymes in pro-
tein synthesis,” The Journal of Nutrition, vol. 136, no. 1,
pp. 2698-273S, 2006.

H. Ito, H. Ueno, and H. Kikuzaki, “Free Amino Acid Com-
positions for Fruits,” Journal of Nutrition and Dietetic Prac-
tice, vol. 1, pp. 001-005, 2017.

M. Lu, H. An, and D. Wang, “Characterization of amino acid
composition in fruits of three Rosa roxburghii genotypes,”
Horticultural Plant Journal, vol. 3, no. 6, pp. 232-236, 2017.

T. M. Hildebrandt, A. Nunes Nesi, W. L. Aratjo, and H. P.
Braun, “Amino acid catabolism in plants,” Molecular Plant,
vol. 8, no. 11, pp- 1563-1579, 2015.

M. Calderén-Santiago, F. Priego-Capote, J. G. Galache-Osuna,
and M. D. Luque de Castro, “Determination of essential amino
acids in human serum by a targeting method based on auto-
mated SPE-LC-MS/MS: discrimination between arthero-
sclerotic patients,” Journal of Pharmaceutical and Biomedical
Analysis, vol. 70, pp. 476-484, 2012.

H. M. N. Akhtar and M. Q. Ehsan, “Electrochemical studies on
the interactions of iron (ii) with some essential amino acids,”
Journal of King Saud University-Science, vol. 32, no. 2,
pp. 1319-1324, 2020.

C. Agnoli, L. Baroni, I. Bertini et al., “Position paper on vege-
tarian diets from the working group of the Italian Society of
Human Nutrition,” Nutrition, Metabolism, and Cardiovascu-
lar Diseases, vol. 27, no. 12, pp. 1037-1052, 2017.

N. Shaheen, S. Islam, S. Munmun, M. Mohiduzzaman, and
T. Longvah, “Amino acid profiles and digestible indispens-
able amino acid scores of proteins from the prioritized
key foods in Bangladesh,” Food Chemistry, vol. 213,
pp. 83-89, 2016.

S. H. Choi, N. Kozukue, H. J. Kim, and M. Friedman, “Analysis
of protein amino acids, non-protein amino acids and metabo-
lites, dietary protein, glucose, fructose, sucrose, phenolic, and
flavonoid content and antioxidative properties of potato
tubers, peels, and cortexes (pulps),” Journal of Food Composi-
tion and Analysis, vol. 50, pp. 77-87, 2016.

X. Qiu, R. Reynolds, S. Johanningsmeier, and V.-D. Truong,
“Determination of free amino acids in five commercial sweet-
potato  cultivars by  hydrophilic interaction liquid
chromatography-mass spectrometry,” Journal of Food Compo-
sition and Analysis, vol. 92, p. 103522, 2020.

F. F. Veldsquez-barreto, E. Ramirez Tixe, R. Chuquilin Goico-
chea, and I. Aliaga-barrera, “Optimization of the functional
properties of a drink based on tubers of purple mashua (Tro-
paeolum tuberosum Ruiz y Pavon),” Agroindustrial Science,
vol. 10, no. 1, pp. 63-70, 2020.

R. Chirinos, D. Campos, N. Costa, C. Arbizu, R. Pedreschi, and
Y. Larondelle, “Phenolic profiles of Andean mashua (Tropaeo-
lum tuberosum Ruiz & Pavén) tubers: identification by HPLC-
DAD and evaluation of their antioxidant activity,” Food Chem-
istry, vol. 106, no. 3, pp. 1285-1298, 2008.

R. Chirinos, D. Campos, M. Warnier, R. Pedreschi, J. F. Rees,
and Y. Larondelle, “Antioxidant properties of mashua (Tro-
paeolum tuberosum) phenolic extracts against oxidative dam-
age using biological in vitro assays,” Food chemistry, vol. 111,
no. 1, pp. 98-105, 2008.


http://cipotato.org/wp-content/uploads/2014/06/RTAs_Ecuador_04.pdf
http://cipotato.org/wp-content/uploads/2014/06/RTAs_Ecuador_04.pdf

International Journal of Food Science

(60]

[61]

C. M. Mihai, L. Al Marghitas, O. Bobis, D. Dezmirean, and
M. Tamas, “Estimation of flavonoid content in propolis by
two different colorimetric methods,” Scientific Papers: Animal
Science and Biotechnologies, Timisoara, vol. 43, no. 1, pp. 407-
410, 2010.

S. Hassanpour, N. Maheri-Sis, B. Eshratkhah, and F. B. Meh-
mandar, “Plants and secondary metabolites (Tannins): a
review. International Journal of Forest, Soil and Erosion
(IJESE), 1(1), 47-53,” International Journal of Forest, Soil and
Erosion, vol. 1, no. 1, pp. 47-53, 2011.

13



	Characterization of Nutritional and Bioactive Compound in Three Genotypes of Mashua (Tropaeolum tuberosum Ruiz and Pavón) from Different Agroecological Areas in Puno
	1. Introduction
	2. Materials and Methods
	2.1. Plant Material
	2.2. Chemicals and Reagents
	2.3. Proximal Composition
	2.4. Mineral Analysis
	2.5. Vitamin Analysis
	2.5.1. β-Carotene Content Determination
	2.5.2. Vitamin C Content Determination
	2.5.3. Amino Acid Determination

	2.6. Bioactive Compound Analysis
	2.6.1. Extraction of Phenolic Compounds and Antioxidants
	2.6.2. Total Anthocyanins (TA)
	2.6.3. Total Flavonoids (TF)
	2.6.4. Total Phenolics (TP)
	2.6.5. Antioxidant Activity
	2.6.6. Tannin Content Determination
	2.6.7. Statistical Analysis


	3. Results and Discussion
	3.1. Composition of Chemicals
	3.2. Amino Acid Compound
	3.3. Bioactive Compound

	4. Conclusions
	Data Availability
	Conflicts of Interest
	Acknowledgments

