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Abstract: Tropaeolum tuberosum Ruíz and Pav. “Mashua” is a crop from the Andean region associ-
ated with preventing chronic degenerative diseases. This study evaluated the content of bioactive
compounds (phenolics, glucosinolates, carotenoids, and ascorbic acid) in twenty-seven Peruvian
mashua morphotypes. Furthermore, three morphotypes (MAC 067, MAC 092, and MAC 123) were
selected to evaluate further the effect of methyl jasmonate (MeJA) on the accumulation of bioactive
compounds. Phenolic content in the mashua morphotypes ranged from 2990.76 ± 273.5 mg/kg to
24,217.36 ± 1144 mg/kg; whereas carotenoids ranged from 12.8 ± 0.6 mg/kg to 85.8 ± 3.1 mg/kg.
Moreover, total glucosinolate content ranged from 65 ± 11 mmol/kg to 1289 ± 65 mmol/kg. The
different mashua morphotypes showed low levels of ascorbic acid (lower than 5 mg/kg) compared
with other crops. Except for glucosinolates, MeJA application augmented the level of bioactive
compounds, showing increases of up to 150.1%, 535.0%, and 542% for total phenolics, carotenoids,
and ascorbic acid, respectively. Results indicated that mashua is an excellent source of phenolics and
glucosinolates, whereas it contains adequate levels of carotenoids and low levels of vitamin C. MeJA
application during postharvest represented a simple approach to increase the content of bioactive
compounds in mashua.

Keywords: mashua; bioactive compound; healthy foods; glucosinolates; phenolics; carotenoids;
ascorbic acid; abiotic stresses; methyl jasmonate

1. Introduction

Tropaeolum tuberosum Ruíz and Pav. “Mashua” is a relevant crop of the Andean re-
gion, whose origin seems to be the center of the Andes [1]. Perú has a high diversity
of mashua, accounting for more than 200 morphotypes. Mashua is an herbaceous plant
native to the central Andes. It is generally cultivated with other tubers between 2400
and 4300 altitudes [2,3]. Moreover, mashua is the fourth crop of economic importance
in the Andean region after potato, oca, and olluco [4,5]. The main variations in the con-
tent of bioactive compounds in mashua morphotypes are attributed to the differences in
genetic biodiversity [1,2].
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From an agronomic viewpoint, mashua is a native plant cultivated in poor soils where
agroclimatic conditions are adverse, the use of fertilizers and pesticides is not required, and
despite these conditions in which it grows, the production yield exceeds other tubers, such
as potatoes. In addition, it is a frost-tolerant crop that is planted in Bolivia, Perú, Ecuador,
Colombia, Venezuela, and Argentina [4].

Mashua is barely known in the local and international markets. However, polar
extracts and isolated compounds from the tuber have demonstrated numerous in vitro
and in vivo pharmacological activities, including antioxidant, diuretic, anti-inflammatory,
and anticancer properties, due to the bioactive compounds present in the plant [6,7].
Phytochemicals found in mashua include glucosinolates, hydroxybenzoic acids, flavanols,
tannis, anthocyanins, isothiocyanates, alkamides, phytosterols, and fatty acids [7]. All
these phytochemicals have been related to the prevention and treatment of chronic and
generative diseases.

The use of controlled postharvest abiotic stresses, such as applying exogenous phy-
tohormones such as methyl jasmonate (MeJA), has been shown to increase the content
of secondary metabolites in plants [8,9]. For instance, its application in plant tissues in-
creases the concentration of phenolic compounds in carrots [10] and glucosinolates in
broccoli heads [11].

The objective of the present study was to evaluate the content of total phenolics, glu-
cosinolates, carotenoids, and ascorbic acid in twenty-seven Peruvian mashua morphotypes
and determine the effect of postharvest MeJA application on the accumulation of secondary
metabolites in the tuber.

2. Materials and Methods
2.1. Chemicals

Sulfatase from Helix pomatia, sinigrin hydrate, Sephadex A-25, methanol (HPLC
grade), sodium acetate, MeJA, ascorbic acid, N-ethylmaleimide (NEM), dichloro-diphenyl-
trichloroethane (DDT), α,α′-bipyridyl, and orthophosphoric acid were obtained from Sigma
Chemical Co. (St. Louis, MO, USA). Desulfoglucoraphanin was obtained from Santa Cruz
Biotechnology (Dallas, TX, USA). All other chemicals (ethanol, acetone, FeCl3, H3PO4,
trichloroacetic acid (TCA), and liquid nitrogen) were purchased from Desarrollo de Espe-
cialidades Químicas S.A. de C.V. (San Nicolás de los Garza, NL, México).

2.2. Plant Material and Methyl Jasmonate (MeJA) Treatments

The twenty-seven morphotypes of mashua were harvested in Perú in the locations
indicated in Table 1. The color of the tubers analyzed included yellow, black, and white
(Table 1). Except for mashua morphotypes subjected to MeJA treatments, the samples were
frozen with liquid nitrogen, ground to a fine powder, freeze-dried, and stored at −80 ◦C
until further analysis.

The effect of MeJA on the accumulation of bioactive compounds in mashua was
evaluated in three morphotypes (MAC 067, MAC 092, and MAC 123). MeJA was applied
over a Petri dish (0.25 mL per L) by wetting a Whatman No. 4 filter paper (Whatman Inc.,
Piscataway, NJ, USA) to obtain a concentration of 250 ppm in the headspace, as previously
described by Villarreal-García et al. [11]. The samples were stored in hermetically closed 1 L
plastic containers and ventilated every 12 h to avoid CO2 accumulation in the headspace.
Samples were stored for 3 days at 20 ◦C. The filter paper containing MeJA was replaced
every 12 h at the ventilation time. The control was stored under the same conditions
without applying MeJA. After MeJA treatment, samples were frozen with liquid nitrogen,
ground to a fine powder, freeze-dried, and stored at −80 ◦C until further analysis.
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Table 1. Harvest location and tuber color of twenty-seven Peruvian mashua morphotypes.

Accession Number Region Province Distrit Location Altitud Lat. South E Log. West S Tuber Color

MAC 001 Ayacucho Huamanga Morochucos Codorccocha 3609 586,371.04 8,513,193.58 Black
MAC 006 Ayacucho Huamanga Morochucos Codorccocha 3609 586,371.04 8,513,193.58 Black
MAC 007 Ayacucho Huamanga Morochucos Codorccocha 3609 586,371.04 8,513,193.58 Yellow
MAC 008 Ayacucho Huamanga Morochucos Codorccocha 3609 586,371.04 8,513,193.58 Yellow with spots
MAC 019 Ayacucho Huanta Uchuraccay Iquicha 3802 601,807.25 8,582,772.00 Yellow with spots
MAC 042 Ayacucho Huanta Uchuraccay Iquicha 3802 601,807.25 8,582,772.00 Black
MAC 048 Ayacucho Cangallo Morochucos Codorccocha 3609 586,371.04 8,513,193.58 Yellow
MAC 051 Ayacucho Cangallo Morochucos Codorccocha 3609 586,371.04 8,513,193.58 Yellow with spots
MAC 057 Ayacucho Cangallo Morochucos Codorccocha 3609 586,371.04 8,513,193.58 Yellow with spots
MAC 058 Ayacucho Cangallo Morochucos Codorccocha 3609 586,371.04 8,513,193.58 Yellow with spots
MAC 063 Ayacucho Cangallo Morochucos Codorccocha 3609 586,371.04 8,513,193.58 Yellow with spots
MAC 067 Ayacucho Cangallo Morochucos Codorccocha 3609 586,371.04 8,513,193.58 Black
MAC 068 Ayacucho Cangallo Morochucos Codorccocha 3609 586,371.04 8,513,193.58 Black
MAC 069 Apurimac Andahuaylas Pomacocha Angasccucha 3930 657,582.32 8,447,807.00 Brown
MAC 075 Apurimac Andahuaylas Huayana Patahuasi 3842 657,850.95 8,451,388.39 Yellow
MAC 080 Apurimac Andahuaylas Huayana Patahuasi 3768 657,128.19 8,451,202.10 Yellow with spots
MAC 081 Apurimac Andahuaylas Huayana Patahuasi 3847 656,165.16 8,451,003.98 Yellow with spots
MAC 090 Apurimac Chincheros Anccohuayllo Uripa 4060 646,838.51 8,500,799.01 White
MAC 092 Ayacucho Huamanga Acocro Pumapuquio 3680 601,865.03 8,530,546.20 Black
MAC 093 Ayacucho Huamanga Acocro Pumapuquio 3680 601,865.03 8,530,546.20 Yellow
MAC 094 Ayacucho Huamanga Acocro Pumapuquio 3680 601,865.03 8,530,546.20 Black
MAC 095 Ayacucho Huamanga Acocro Pumapuquio 3680 601,865.03 8,530,546.20 Grayish purple
MAC 098 Ayacucho Cangallo Morochucos Condorccocha 3610 586,371.04 8,513,193.58 Yellow with spots
MAC 111 Ayacucho Huanta Uchuraccay Iquicha 3759 601,814.89 8,582,356.37 Pale pinkish orange
MAC 120 Ayacucho La Mar Anco Osccoccocha 3590 634,357.08 8,556,954.53 Brown
MAC 123 Ayacucho La Mar Tambo Huisca 3904 612,334.92 850,002.07 Brown
MAC 135 Ayacucho La Mar Chiquintirca Osccoccocha 3669 634,555.00 8,558,368.76 Yellow with spots

2.3. Phytochemical Analyses
2.3.1. Extraction and Quantification of Total Free Phenolics

For the extraction of free phenolic compounds, freeze-dried mashua samples (0.5 g
dry weight) were mixed with methanol (20 mL) and ultrasonicated in an ultrasound bath
(Branson 2510, Branson Ultrasonic Corporation, Danbury, CT, USA) for 5 min. Centrifuga-
tion was performed at 13,000× g for 5 min at 4 ◦C. Total phenolics were determined by the
Folin–Ciocalteu method adapted to a 96-well microplate format [12,13]. Chlorogenic acid
was used as standard, and the total phenolic content was expressed as mg of chlorogenic
acid equivalents per kg of mashua dry weight (DW).

2.3.2. Extraction and Quantification of Total Glucosinolates

The extraction of glucosinolates was performed as reported by Villarreal-García et al. [11].
Briefly, methanol/water (10 mL, 70:30 v:v, 70 ◦C) was added to mashua powder (0.2 g).
Then, sinigrin hydrate was incorporated as an internal standard (50 µL, 3 mM) and in-
cubated (70 ◦C for 30 min) to inactivate myrosinase. Extracts were left to cool at room
temperature and centrifuged (18,000× g, 10 min, 4 ◦C). After extraction, the glucosinolates
were desulfated and purified as described by Villareal-García et al. [11].

Desulfoglucosinolates were identified and quantified using a high-performance liquid
chromatography system comprised of a quaternary pump, an autosampler, and a diode
array detector (1260 Infinity, Agilent Technologies, Santa Clara, CA, USA). The column
separating desulfoglucosinolates was a 4.6 mm× 250 mm, 5 µm, C18 reverse-phase column
(Luna, Phenomenex, Torrace, CA, USA). Chromatographic conditions were as described
by Villarreal-García et al. [11]. Desulfoglucosinolates were detected at 227 nm. The areas
under the curve of chromatographic picks corresponding to desulfoglucosinolates were
added to determine the total glucosinolate content. To quantify glucosinolates, a standard
curve of desulfoglucoraphanin was prepared in the range of 0–700 µM. The concentration
of total glucosinolates was expressed as mmol of desulfoglucoraphanin equivalents per kg
of mashua DW.

2.3.3. Extraction and Quantification of Total Carotenoids

Total carotenoidswereextractedfollowingtheproceduredescribedbyCuéllar-Villarreal et al. [14].
Freeze-dried mashua powder (0.2 g) was homogenized with a solution (15 mL) containing
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acetone/ethanol (1:1) with 200 mg/L BHT added. The homogenates were vacuum filtered
through Whatmann No. 1 filter paper (Piscataway, NJ, USA), and the acetone/ethanol
extract was recovered. This procedure was repeated 4 times to ensure complete extraction
of carotenoids in the samples. The obtained acetone/ethanol extracts were combined
before quantification of carotenoids. The absorbance of the acetone/ethanol extracts was
measured at 470 nm using a Genesys 10S UV–vis Spectrophotometer (Thermo Scientific,
Waltham, MA, USA). Total carotenoids were calculated with Equation (1) [15]:

TC =

(
AV × 106)

(A1% × 100 G)
(1)

where TC refers to total carotenoids, V is the extract volume, A is the absorbance, A1% is the
extinction coefficient for a mixture of solvents arbitrarily set at 2500, and G is the sample
weight in g. Total carotenoids were reported as mg per kg of mashua DW.

2.3.4. Extraction and Quantification of Ascorbic Acid

Ascorbic acid was quantified with the method of Gillespie and Ainsworth [16].
A freeze-dried mashua sample (50 mg) was homogenized with trichloroacetic acid (TCA,
6%, 5 mL). The extract (100 µL) was added to the DDT solution (32 mM, 50 µL) and in-
cubated for 10 min. After that, NEM (12 mM, 50 µL) was added and incubated for 30 s.
Then, a mixture of α,α′-bipyridyl (4%, 200 µL), FeCl3 (3%, 100 µL), H3PO4 (43%, 200 µL),
and TCA (10%, 250 µL) and incubated at 37 ◦C for 60 min. Finally, the absorbance of the
reactions was recorded at 525 nm. Absorbance values were compared against an ascorbic
acid standard curve (0.10–3 mM) prepared in TCA (6%). Results were expressed as mg of
ascorbic acid per kg of mashua DW.

2.4. Statistical Analysis

All reported data were obtained from repeated independent extractions and quan-
tifications. There were three biological repetitions for evaluating phytochemicals per
morphotype (n = 3). The data represent the mean values of samples and their standard
error. Analyses of variance (ANOVA) were conducted using JMP software version 16.0
(SAS Institute Inc., Cary, NC, USA), and mean separations were achieved with the LSD
test (p < 0.05).

3. Results and Discussion
3.1. Phytochemical Characterization of Peruvian Mashua Morphotypes

Phenolic compounds are related to the prevention of different diseases, mainly due
to the direct antioxidant activity against free radicals [17]. The content of total pheno-
lics in the different mashua cultivars ranged from 2990.76 ± 273.5 mg/kg (MAC 090) to
24,217.36 ± 1144 mg/kg (MAC 092) (Table 2). These results are in the range of phenolic
compounds content previously reported for ARB 5241 and DP 0224 mashua morpho-
types [18]. Moreover, the total phenolics quantified match the color of the mashua morpho-
types. For instance, MAC 090 is white, whereas MAC 092 is black (Table 1), indicating that
MAC 092 has a higher level of phenolics, mainly anthocyanins [18]. Compared with other
vegetables, mashua morphotype MAC 092 is around the total phenolic content of sweet
cherry (20,980 mg/kg) and 210% higher than purple potato, which is another tuber with
high levels of phenolics [19].
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Table 2. Total phenolics, carotenoids, glucosinolates, and ascorbic acid content of twenty-seven
Peruvian mashua morphotypes.

Accession Number i,ii Total Phenolic (mg/kg) iii Total Carotenoids (mg/kg) Total Glucosinolates (mmol/kg) Ascorbic Acid (mg/kg)

MAC 001 10,035.93 ± 786 def 27.6 ± 2.8 g 662 ± 9 def 2.72 ± 0.51 bcdef
MAC 006 3592.737 ± 285.9 ijk 58.5 ± 4.4 c 212 ± 43 ij 2.49 ± 0.32 bcdefg
MAC 007 4054.544 ± 671 fghij 19.8 ± 0 hij 734 ± 23 def 1.05 ± 0.18 ij
MAC 008 3262.498 ± 385.5 ijk 54.7 ± 3.1 c 286 ± 53 hij 1.74 ± 0.11 efghij
MAC 019 13,207.19 ± 1351 cd 81.8 ± 3 a 644 ± 69 def 1.2 ± 0.23 hij
MAC 042 10745.96 ± 464.3 de 56.8 ± 1.1 c 765 ± 55 de 2.83 ± 0.64 bcde
MAC 048 10,624.13 ± 185.7 efgh 66.7 ± 4.1 b 601 ± 66 def 1.54 ± 0.25 ghij
MAC 051 6099.282 ± 850.4 hijk 24.7 ± 1.4 ghi 750 ± 144 def 1.99 ± 0.28 cdefghi
MAC 057 8379.372 ± 513.2 efghi 70.3 ± 2.4 b 666 ± 34 def 3.08 ± 0.64 bc
MAC 058 9974.931 ± 744.6 defg 19.2 ± 1.6 ijk 346 ± 73 ghi 1.17 ± 0.06 hij
MAC 063 13,053.63 ± 233.7 cd 55.7 ± 2.4 c 671 ± 96 def 1.94 ± 0.46 cdefghi
MAC 067 9332.752 ± 172.4 efgh 18 ± 3.1 ijk 794 ± 76 cd 1.56 ± 0.16 fghij
MAC 068 13,153.79 ± 2192 cd 22.8 ± 1.8 ghij 190 ± 60 ij 2.52 ± 0.45 bcdefg
MAC 069 14,813.24 ± 1836 c 85.8 ± 3.1 a 619 ± 221 def 3.02 ± 0.51 bcd
MAC 075 3002.672 ± 164.2 jk 46.1 ± 3.2 d 694 ± 19 def 3.48 ± 0.67 ab
MAC 080 3420.103 ± 548.3 k 40.8 ± 2.4 def 535 ± 51 efg 1.97 ± 0.3 cdefghi
MAC 081 10,808.32 ± 75.82 de 54.5 ± 2.2 c 237 ± 15 ij 2.31 ± 0.54 cdefgh
MAC 090 2990.762 ± 273.5 k 16.7 ± 3 jk 513 ± 81 fgh 0.91 ± 0.07 ij
MAC 092 24,217.36 ± 1144 a 18.6 ± 1.4 ijk 717 ± 118 def 0.92 ± 0.03 ij
MAC 093 8646.174 ± 83.55 ghijk 26.3 ± 1.9 gh 1031 ± 47 bc 1.47 ± 0.08 ghij
MAC 094 9206.516 ± 824.1efghij 27.7 ± 3 g 259 ± 66 ij 2.63 ± 0.39 bcdefg
MAC 095 7339.298 ± 335.3 efghij 12.8 ± 0.6 k 806 ± 166 cd 0.65 ± 0.33 j
MAC 098 5958.474 ± 379.4 hijk 23.3 ± 0.9 ghij 831 ± 112 bcd 4.51 ± 1.03 a
MAC 111 13,128.37 ± 784.5 cd 37.4 ± 1.6 ef 1053 ± 119 ab 1.71 ± 0.29 efghij
MAC 120 8803.842 ± 513.3 efgh 35.7 ± 0.1 f 274 ± 20 hij 1.87 ± 0.21 defghi
MAC 123 10,714.23 ± 298.8 de 42.7 ± 1.8 de 1289 ± 65 a 1.49 ± 0.16 ghij
MAC 135 19,494.7 ± 370.3 b 17.8 ± 0.5 jk 65 ± 11 j 1.57 ± 0.42 fghij

i Values represent the means of 3 replicates ± standard error. ii Values with different letters in the same column
indicate a statistical difference between the mean concentration of the bioactive compound in the morphotypes
evaluated using the LSD test (p < 0.05). iii Total phenolic compounds are expressed as chlorogenic acid equivalents.
To convert values into gallic acid equivalents, chlorogenic acid equivalents need to be divided by 1.84 [20].

Carotenoids are pigments responsible for the yellow–orange–red color of plant tissues.
Carotenoids also possess high antioxidant activity, mainly due to their singlet oxygen and
free radical reactions [21]. Regarding the total carotenoids, the content in the different
morphotypes evaluated ranged from 12.8 ± 0.6 mg/kg (MAC 095) to 85.8 ± 3.1 mg/kg
(MAC 069). These results do not match the mashua tuber’s color, where MAC 095 has a
grayish-purple color and the MAC 069 is brown, indicating that darker colors cover the
yellow–orange–red color of carotenoids present in mashua.

Glucosinolates are sulfur and nitrogen-containing thioglucosides derived from glucose
and amino acids. They are mainly found in the Brassicaceae family [22,23]. The total glucosi-
nolate content ranged from 65± 11 mmol/kg (MAC 135) to 1289± 65 mmol/kg (MAC 123).
Compared with broccoli sprouts, one of the food sources with the highest content of glu-
cosinolates, MAC 136, is in the range of previously reported values (56 ± 5 mmol/kg),
whereas MAC 123 contains 2200% higher content [24]. These results indicate that mashua
is an excellent source of glucosinolates.

Regarding ascorbic acid content, the values quantified in the different mashua mor-
photypes ranged from 0.65 ± 0.33 mg/kg (MAC 095) to 4.51 ± 0.33 mg/kg (MAC 098),
which is low content compared with other sources rich in vitamin C such as strawberry
(1000 mg/kg) [25]. A correlation analysis revelated that except for the color, the other
factors that varied between the morphotypes (i.e., location, altitude, etc.) did not affect the
content of bioactive compounds. In this context, the data showed that the darker the color
of a morphotype, the higher the content of phenolics quantified (R2 = 0.7).

3.2. Effect of Methyl Jasmonate (MeJA) on the Accumulation of Bioactive Compounds of Peruvian
Mashua Morphotypes

MeJA is a phytohormone that has been identified as a vital cellular regulator that
mediates diverse developmental processes and plants’ defense responses against biotic and
abiotic stresses. For instance, MeJA is responsible for the perception and transduction of
wound signals through the octadecanoid pathway [10,26].

Three mashua morphotypes were selected to further evaluate the effect of MeJA on
the accumulation of bioactive compounds (Figure 1). The morphotypes selected were those
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with the highest content of phenolics (MAC 092), glucosinolates (MAC 123), and with
average levels of the bioactive compounds evaluated (MAC 067). For total phenolics, MeJA
increased the total phenolics content by 150.1%, 68.7%, and 105.6% for MAC 067, MAC 092,
and MAC 123 morphotypes, respectively. Indeed, the application of MeJA allowed MAC
067 and MAC 123 to reach the phenolic content of MAC 092, which was the morphotype
identified with the highest concentration of phenolics (Figure 1A). These results agree with
previous reports, where MeJA increased the content of phenolics in Brassica species such
as Brassica rapa, kale leaves, broccoli florets, and broccoli sprouts [11,24,27–29], as well as
in carrots [10].

Horticulturae 2022, 8, x FOR PEER REVIEW 7 of 9 

Figure 1. Effect of postharvest methyl jasmonate application on the accumulation of total phenolics 
(A); total carotenoids (B); total glucosinolates (C); and ascorbic acid (D) of Peruvian mashua acces-
sions. Values represent the means of 3 replicates ± standard error. Different letters among bars in-
dicate a statistical difference between the treatments using the LSD test (p < 0.05). 

Regarding total glucosinolates, no significant difference in the concentration was de-
tected for the MAC 067 morphotype, whereas for MAC 092 and MAC 123, the content 
decreased by −77.8% and −36.5%, respectively (Figure 1C). This could be attributed to the 
MeJA-induced activation of myrosinase, which converts glucosinolates to isothiocya-
nates, as previously reported for radish sprouts [31]. 

Ascorbic acid content was also increased by applying MeJA, obtaining 206.4%, 
542.4%, and 182.5% higher levels for MAC 067, MAC 092, and MAC 123, respectively (Fig-
ure 1D). Interestingly, MeJA increased ascorbic acid content to similar levels in the three 
morphotypes evaluated. The MeJA-induced accumulation of ascorbic acid has been pre-
viously reported for crops such as Arabidopsis and tobacco Bright Yellow-2 (BY-2) suspen-
sion cells [32] and broccoli [33]. Although MeJA increased the ascorbic acid content in 
mashua, the levels reached are still moderate compared with the primary sources of vita-
min C [24]. 

4. Conclusions
The results presented herein indicate that the different mashua morphotypes evalu-

ated represent an excellent source of phenolics and glucosinolates, adequate levels of ca-
rotenoids, and low levels of vitamin C. Since phenolics and glucosinolates are highly an-
tioxidants, mashua represents an unexploited plant food that could be highly useful to 
prevent chronic and degenerative diseases in the population. Further studies should de-
tail the effect of methyl jasmonate on the phenolic and glucosinolate profile of mashua. 
Likewise, further investigations should determine the physiological and molecular basis, 
inducing the biosynthesis of secondary metabolites in mashua due to exogenous methyl 
jasmonate application. In addition, it would be interesting to characterize other bioactive 
compounds in mashua (i.e., dietary fiber, terpenoids, etc.) and to develop bioprocesses 

Figure 1. Effect of postharvest methyl jasmonate application on the accumulation of total phenolics
(A); total carotenoids (B); total glucosinolates (C); and ascorbic acid (D) of Peruvian mashua accessions.
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Regarding total carotenoids, MeJA induced 535.0%, 195.7%, and 218.2% increases for
MAC 067, MAC 092, and MAC 123 morphotypes, respectively, converting the tissue from
a moderate to a good source of carotenoids (Figure 1B). The MeJA-induced biosynthesis
of carotenoids has been previously reported for crops such as maize [30]. However, other
reports in broccoli sprouts indicate that MeJA decreases carotenoids [24], indicating that
MeJA response in horticultural crops is tissue dependent.

Regarding total glucosinolates, no significant difference in the concentration was
detected for the MAC 067 morphotype, whereas for MAC 092 and MAC 123, the content
decreased by −77.8% and −36.5%, respectively (Figure 1C). This could be attributed to the
MeJA-induced activation of myrosinase, which converts glucosinolates to isothiocyanates,
as previously reported for radish sprouts [31].

Ascorbic acid content was also increased by applying MeJA, obtaining 206.4%, 542.4%,
and 182.5% higher levels for MAC 067, MAC 092, and MAC 123, respectively (Figure 1D). In-
terestingly, MeJA increased ascorbic acid content to similar levels in the three morphotypes
evaluated. The MeJA-induced accumulation of ascorbic acid has been previously reported
for crops such as Arabidopsis and tobacco Bright Yellow-2 (BY-2) suspension cells [32] and
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broccoli [33]. Although MeJA increased the ascorbic acid content in mashua, the levels
reached are still moderate compared with the primary sources of vitamin C [24].

4. Conclusions

The results presented herein indicate that the different mashua morphotypes eval-
uated represent an excellent source of phenolics and glucosinolates, adequate levels of
carotenoids, and low levels of vitamin C. Since phenolics and glucosinolates are highly
antioxidants, mashua represents an unexploited plant food that could be highly useful
to prevent chronic and degenerative diseases in the population. Further studies should
detail the effect of methyl jasmonate on the phenolic and glucosinolate profile of mashua.
Likewise, further investigations should determine the physiological and molecular basis,
inducing the biosynthesis of secondary metabolites in mashua due to exogenous methyl
jasmonate application. In addition, it would be interesting to characterize other bioactive
compounds in mashua (i.e., dietary fiber, terpenoids, etc.) and to develop bioprocesses
that could transform mashua into a food ingredient or processed foods highly accepted
by consumers.
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