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Abstract: The levels of different nutraceutical metabolites present in the jicama root were measured
when subjecting the plant to induced biotic stress via infestation with Phyllophaga spp. (white grubs).
The change in secondary metabolites on the stressed jicama roots (SJ), mostly antioxidants, was
followed over 100, 140, and 180 days and compared against the non-infested control jicama (CJ).
Our results show that infested (SJ) samples contained higher concentrations of tannins, flavonoids,
and total phenols, measured using spectrophotometric methods, peaking at 140 days, and higher
overall concentration of saponins. SJ samples showed higher DPPH inhibition, peaking at 100 days.
Chlorogenic acid had the highest concentration among the phenolic compounds (7.47 mg g−1),
followed by protocatechuic acid, both in SJ, which was possibly related to the lower observed
concentrations of caffeic and ferulic acids. As for flavonoids, we observed a high concentration of
rutin in CJ and a low concentration of pelargonidin and myricetin in SJ, possibly promoted via the
dihydrokaempferol pathway. Taken together, these results show that Phyllophaga spp.-mediated biotic
stress affects the concentrations of secondary metabolites in the different maturity stages in jicama,
having an effect on its metabolic pathways, which presents an opportunity for the use of material
such as agro-industrial waste.

Keywords: jicama root development; biotic stress; Phyllophaga spp.; secondary metabolites; antioxidants

1. Introduction

Jicama (Pachyrhizus erosus L.) is an herbaceous plant of the Fabaceae family that is
usually consumed as a fresh vegetable [1]. Providing a feeling of satiety, it has a high water
and fiber content, vitamins, minerals (folic acid, potassium, zinc, calcium, phosphorus,
magnesium, and manganese), and is low in calories [2]. It has been reported that jicama
has diuretic properties [3], reduces blood sugar level [4], decreases constipation [5] and
cholesterol, and promotes the assimilation of calcium, facilitating the growth of the good
bacteria that maintain a healthy colon. It has also been reported that this root favors
the systematic metabolism of lipids, restores kidney activity, reduces phospholipids and
triglycerides in the blood serum, promotes good intestinal function, and reduces duodenal
ulcers and blood pressure problems, among other benefits [5,6]. However, there is a lack of
information about which metabolites are related to these functional properties.

During the production of jicama, a lot of agricultural waste is generated due to the
problems that this crop presents during its development, such as root breakage or the
invasion of pests and fungal growth. Some authors have mentioned that jicama can be
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damaged by some insects, such as fleas, cutzo leaf miner, red spiders, mealy bugs [7,8], and
American thrips [9]. However, the infestation by white grubs (Phyllophaga spp.) results
in changes in growth patterns, morphology, and anatomy, occurring as a result of serious
damage to the root [10]. Also, a symbiotic form of fungal growth has been reported,
with macrostructural effects [11]. In this regard, some studies have shown that the pest
infestation affects plant metabolism and chemical composition, as a resistance mechanism,
limiting the penetration, development, or reproduction of the invading pathogen [12].

Published information shows that resistance in plants can be increased by physiolog-
ical and biochemical changes [12]. These modifications in the chemical composition of
plants have been reported to occur due to the presence of pests (nematodes and insects) and
bacterial or fungal diseases (biotic stress), resulting in changes in protein expression and
the concentration of nutrients or secondary metabolites (cyanogenic glycosides, flavonoid
glycosides, and hydroxycoumarins [13]). These variations have also been associated with
abiotic stress, such as high temperatures, humidity, shade, physical injury, or the presence of
heavy metals [14], as well as harvest time, genotype, cultivation techniques, and operations
carried out during post-harvest storage [15,16].

In some roots, such as cassava, the plant synthesizes cyanogenic glycosides when
subjected to stress due to the presence of pests [17,18]. Other compounds, such as phenols
and terpenoids, have also been found in the leaves and roots of cassava, which include
flavonoid glycosides, hydroxycoumarins, ascorbic acid, and carotenoids [19–22], which
play a principal role in plant defense [19]. Similarly, the presence of phytoalexins, induced
by pathogen attack and wounding, has been reported [23–25].

Some hydroxycoumarins, such as scopoletin, esculetin, scopolin, and esculin, have
been related to plant resistance to herbivores [26]. Simultaneously, nutraceutical activities
have been attributed to these compounds, which make them a value-added material of
industrial interest. For example, scopoletin is reported to have antimicrobial, anticancer,
anti-inflammatory, anti-angiogenesis, antioxidant, antidiabetic, antihypertensive, hepato-
protective, and neuroprotective properties [27], while esculetin is also reported to have
anti-inflammatory, antioxidant, antibacterial, and antitumor effects [28]. However, no
studies have been found that evaluate the changes in the concentrations of secondary
metabolites or phytochemicals in jicama crops such as cyanogenic glycosides, flavonoid
glycosides, and hydroxycoumarins, which are related to pest infestations. This information
would allow us to establish the basis to valorize damaged jicama as an agricultural residue,
based on the types of secondary metabolites produced. Therefore, the aim of this study
was to identify the effect of the presence of white grubs on the concentration of secondary
metabolites in jicama under biotic stress during the three stages of ripening, focusing on
phenolic compounds.

2. Materials and Methods
2.1. Materials

Two types of jicama roots (Pachyrhizus erosus): control and white grub-stressed samples,
developed at three growth stages (100, 140, and 180 days) in two harvest cycles (2021 and
2022) in Apaseo el Grande, Guanajuato, Mexico, were studied. Only the roots were used as
they are the only edible part of the plant. The first growing stage (100 days) was established
based on the unstressed sample diameter (>5 cm), which allowed enough material for
analysis to be collected [29]. The other two stages were selected considering the final
harvesting time (180 days) and a halfway point (140 days). The 2021 cycle corresponded to
the control jicama, which was sown in a pest-free field. The 2022 harvest cycle corresponded
to the damaged jicama, using an already white grub-infected field (Figure 1). In both cases,
the seeds were planted as reported by Gonzalez-Vazquez et al. [29]. The seed material
(commercial yellow seed) was provided by the local jicama producers, who reproduced
and stored the seed every season. The material used was registered as P-eV-7 and kept in
the Seed Analysis Laboratory of the Tecnologico Nacional de Mexico, Campus Roque.
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Figure 1. Jicama crops stressed and control, pest images, and root damage degree.

After collection, the sample surface was cleaned by removing the dirt or soil present
with a brush and then washed with sufficient water. Once cleaned, the samples were
photographed, and only those that were healthy (control samples) and those with physical
damage (stress samples) were used for analysis, looking to avoid microbiological contam-
ination. Jicama roots were cut into slices of approximately 0.3 cm thick, and dried for
48 h (AFOS Ltd., AFOS MINI KLIN, Hull, UK) at 30 ◦C. Finally, the jicama was ground
(Hamilton Beach Brands Inc., Glen Allen, VA, USA), for 10 min in 30 s lapses and sieved on
a 0.5 mm monyl mesh (30 threads per inch and a 590-micron aperture). The materials were
stored in Ziploc-sealable plastic bags in a desiccator at room temperature until further use.
Then it refers to the control and storage nomenclature. Analyses were performed no more
than one week after processing the samples.

2.2. Determination of Secondary Metabolites by Spectrophotometry
2.2.1. Determination of Saponins

To perform the spectrophotometric quantification of the saponins, the method of Hiai
et al. [30] was followed, where 2 mg of sample was weighed and volume-adjusted to
10 mL with methanol. The solution was sonicated for 30 min (BRANSON 1510, Bransonic
Ultrasonic Cleaner, Danbury, CT, USA) and filtered (Whatman filter paper No. 4), keeping
the filtrate and adding 1 mL of 0.5% ρ-anisaldehyde (Sigma Aldrich, Saint Louis, MO, USA,
A88107) solution in methanol (J.T. Baker, 9070-03, Avantor Performance Materials S.A. de
C.V., Ecatepec de Morelos, Mexico) and 1 mL of 50% sulfuric acid (with distilled water)
(Supelco, 1.1208, Merck KGaA, Darmstadt, Germany) in the dark. For the calibration curve
(10–50 µg mL−1), diosgenin (Sigma Aldrich, D1634, Saint Louis, MO, USA) (0.2 mg mL−1)
in methanol was used as the standard. The blank consisted of the same reaction mixture,
but instead of the sample, 2 mL of methanol (J.T. Baker, 9070-03, Avantor Performance
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Materials S.A. de C.V., Ecatepec de Morelos, Mexico) was added. The tubes were shaken
and incubated for 30 min at 100 ◦C. When finished, they were placed in an ice bath for
15 min to stop the reaction. Subsequently, each of the dilutions and the sample were read at
a 430 nm absorbance in a UV/Vis spectrophotometer (Thermo Fisher Scientific, Genesys,
Madison, WI, USA). The linear fitting equation of the calibration curve was used to calculate
the saponin concentration.

2.2.2. Methanol Extracts for Flavonoids and Tannins

The methodology of Rosales-Castro et al. [31] was followed with some modifications.
The Jicama powder sample (5 g) was mixed with 15 mL of 70% methanol (J.T. Baker, 9070-03,
Avantor Performance Materials S.A. de C.V., Ecatepec de Morelos, Mexico), and left in this
solution for 24 h at room temperature, with occasional manual agitation; the sample was
then filtered through filter paper (Whatman, No. 4, GE Healthcare UK Limited, Bucking-
hamsire, UK). The same methanol extraction process was repeated with the remaining bark.
The extracts obtained from the first and second procedures were combined and made up to
30 mL.

2.2.3. Determination of Flavonoids

The flavonoid content was determined using the aluminum trichloride assay [32].
The sample methanolic extract (1 mL) was combined with 1 mL of 2.0% (w/v) aluminum
trichloride (Sigma Aldrich, 23701-8, Sant Louis, MO, USA) in ethanol (Sigma Aldrich,
E7023), and left to rest for 1 h in dark conditions. Finally, the absorbance was measured at
420 nm using a UV/Vis spectrophotometer (Thermo Fisher Scientific, Genesys, Madison,
WI, USA). 100% methanol (J.T. Baker, 9070-03, Avantor Performance Materials S.A. de C.V.,
Ecatepec de Morelos, Mexico) was used as a blank. The flavonoid concentrations of the
extracts were determined using the quercetin standard curve (20–100 mg mL−1).

The quercetin standard (Sigma Aldrich, Q4951) sample for the calibration curve was
prepared with a concentration of 400 ppm. Water and methanol 1:1 was used as solvent.
The standard was protected from lighting and prepared immediately before use.

2.2.4. Determination of Tannins

The quantification of the tannins was carried out using the methodology of Gupta
and Verma [33]. The methanolic extract (1 mL) was mixed with the vanillin hydrochloride
reagent, prepared with mixtures of equal volumes of 8% (v/v) hydrochloric acid (Sigma
Aldrich, 320331) and 4% (w/v) vanillin (Sigma Aldrich, V1104) in methanol (J.T. Baker,
9070-03, Avantor Performance Materials S.A. de C.V., Ecatepec de Morelos, Mexico). Subse-
quently, it was allowed to rest for 20 min at room temperature, and the absorbance was
measured at 500 nm using a UV/Vis spectrophotometer (Thermo Fisher Scientific, Genesys,
Madison, WI, USA). Absolute methanol was utilized as a blank. The tannin content in the
samples was determined using the calibration curve (0.05–0.5 mg mL−1) for gallic acid
(Sigma Aldrich, G7384).

2.2.5. Ethanolic Extracts for Total Phenols, DPPH, and ABTS

Ethanolic extracts were obtained using the methodology cited in Cuellar-Sanchez [34]
with some modifications. The powdered jicama sample (2 g) and 20 mL of 80% ethanol
(Sigma Aldrich, E7023) were mixed. Sonication was carried out for 30 min (BRANSON
1510, Bransonic Ultrasonic Cleaner, Danbury, CT, USA) and the mixture was subsequently
filtered using Whatman No. 4 filter paper. The extracts were stored until later use.

2.2.6. Determination of Total Phenols

For the quantification of total phenols, the Folin–Ciocalteu technique was used as
reported in Cuellar-Sanchez [34]. In this method, 1580 µL of distilled water, 100 µL of
the Folin–Ciocalteu reagent (Sigma Aldrich, F9252), and 20 µL of the extract were mixed.
After a 5-min rest, 300 µL of 20% sodium carbonate (J.T. Baker, 3602-01, Avantor Perfor-
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mance Materials S.A. de C.V., Ecatepec de Morelos, Mexico) was added and incubated
at 40 ◦C for 30 min in the dark; the absorbance was measured at 765 nm using a UV/Vis
spectrophotometer (Thermo Fisher Scientific, Genesys, Madison, WI, USA).

To obtain the concentration of phenolic compounds in the extracts, a gallic acid (Sigma
Aldrich, G7384) calibration curve (0.01 to 0.7 mg mL−1) was developed. The blank was
prepared with all the reagents except for the sample that was replaced by the extraction
solvent. The results were expressed in gallic acid equivalents [34].

2.2.7. Determinations of Antioxidant Activity by DPPH

The antioxidant activity of the extract was determined using 0.003 g of the free radical
DPPH (2,2-diphenyl-1-picryl-hydrazyl) (Sigma Aldrich, 440914) dissolved in 100 mL of
methanol (Merck, 1038683929), which was allowed to stand for 5 min and was adjusted
to an absorbance of 0.8 ± 0.02 at 517 nm (using pure MeOH as blank). The reference
solution was prepared with 1 mL of DPPH and 50 µL of the extraction solvent in dark
conditions. The percentage of antiradical activity was calculated as a percentage of the
DPPH decolorization using the following equation:

% Antiradical activity = (1 − Am

Ar
) ∗ 100 (1)

where Am is the absorbance of the sample and Ar is the absorbance of the reference.
The results were expressed as mg equivalents of ascorbic acid (Merck, 500078) and as
percentages of inhibition. The calibration curve was obtained using a 1 mg mL−1 ascorbic
acid (Merck, 500078) stock solution, which was diluted to obtain 0.01, 0.025, 0.05, 0.10, 0.15,
and 0.2 mg mL−1 concentrations. The above methodology was followed as reported by
Cuellar-Sanchez [34].

2.3. Determination of Secondary Metabolites (HPLC)
2.3.1. Stock Preparation and Work Standards

The reference standard stock solutions were prepared at a 1000 µg mL−1 concentra-
tion based on methanol (J.T. Baker, 9070-02, Avantor Performance Materials S.A. de C.V.,
Ecatepec de Morelos, Mexico) and stored at 4 ◦C, following the methodology reported by
Mothibedi [35] and Gonzalez-Vazquez et al. [29].

2.3.2. Peak Separation for Phenolic Compounds by HPLC-DAD

An Agilent Zorbax Eclipse Plus C18 4.6 mm x 75 mm, 3.5 µm column was used
with the conditions cited in Mothibedi [35] and Gonzalez-Vazquez et al. [29]: the column
temperature was 35 ◦C, the injection volume was 5 µL, and the flow rate was 1 mL min−1.
The mobile phase consisted of A: 0.5% phosphoric acid and B: Methanol and the isocratic
phase of 40% A and 60% B. The run time was 8 min, and the absorbance reading was
performed at 370 nm. A DAD detector at 20 nm was used (1260, Agilent Supports Scientists,
Santa Clara, CA, USA).

The standards used for compound identifications in the jicama samples from the two
crops were chlorogenic acid (Sigma Aldrich, C3878), ascorbic acid (Sigma Aldrich, A5960),
protocatechuic acid (Sigma Aldrich, 03930590), ferulic acid (Sigma-Aldrich, 46278-1G-F,
Merck KGaA, Darmstadt, Germany), pelargonidin (Sigma Aldrich, P1659), ρ-coumaric
(Sigma Aldrich, C9008), quercetin (Sigma Aldrich, Q4951), caffeic acid (Sigma Aldrich,
C0625), catechin (Sigma Aldrich, C-1251), myricetin (Sigma Aldrich, 70050), rutin (Sigma
Aldrich, R5143), aloin (Sigma Aldrich, B6906), scopoletin (Sigma Aldrich, S2500), esculin
(Sigma Aldrich, 2350), and gallic acid (Sigma Aldrich, G7384).

2.4. Statistical Analysis

Statistical analyses were performed using the Sigma-Plot software (v.12.5, SYSTAT
Software Inc., San Jose, CA, USA) with a probability value of p < 0.05 considered as signifi-
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cant. The differences between the groups were assessed using the ANOVA-Tukey’s test.
The results are presented as the mean of the three independent samples ± standard error.

3. Results and Discussion
3.1. Saponins

In the determination of the saponin content (Figure 2), the biotic stress significantly af-
fected (p < 0.05) this parameter, with an almost two-fold increase in their values (41.88 mg g−1

and 42.68 mg g−1 at 100 and 140 days, respectively) compared with the control samples
(21.02, 27.43, and 25.96 mg g−1 at 100, 140, and 180 days, respectively). The saponin content
was not affected (p > 0.05) by the root development (100 and 140 days).
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(orange) in the three development periods. Different letters represent the significant difference
(p ≤ 0.05).

These differences between the control and stressed samples are related to the physical
and chemical defense mechanisms in the plants, such as the production of saponins and
phytoalexins [36]. It has been cited that during pathogen infection, the content of saponins
in the tissue surrounding the infection site can significantly change due to the partial or
complete hydrolysis of the compounds, appearing as part of either the plant defense re-
sponse or their degradation by the pathogen [36]. Some studies have reported an increment
in the concentration of saponins in cañihua from 8.7 to 43.2 mg g−1 or in quinoa [37], when
the samples are under stress conditions, with values similar to those obtained in jicama
samples. It has been also reported that in some plants, such as cassava, saponins are stored
in their roots, up to 5–6% [38], suggesting that these metabolites act as phytoprotectors
against pathogenic soil microbes and other pests that attack plant tissues [39]. Saponins also
exert strong insecticidal activity by forming complexes with cholesterol, causing cellular
toxicity and insects’ ecdysial failure [40]. Many researchers have proven the activities of
plant-derived saponins against important insect pests, such as aphids, beetles, weevils,
leafhoppers, worms, and moths [41].

3.2. Tannins

In the determination of the tannin content (Figure 3), the largest significant effect
(p < 0.05) was observed at 140 days for the stressed jicama sample, reaching the highest
value at this point (0.085 mg g−1 gallic acid). All other samples showed a much lower
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concentration for this metabolite (<0.04 mg g−1 gallic acid), while it only had an effect
(p > 0.05) on the stressed sample.
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Tannin buildup caused by stress may indicate that these components have additional
functions in vegetative tissue. In this sense, Rubert-Nason and Lindroth [42] reported that in
P. tremuloides, the leaf tannin content levels increase after injury and insect herbivory. Hence,
the higher concentration of tannins observed in stressed jicama at 140 days’ development
could be related to the generation of secondary metabolites as a defense mechanism against
stress situations or against the attack of molds, bacteria, insects, and birds. Some reports
have expressed that those plants use tannins as a source of amino acids, although their main
function seems to be the defense of the plant against fungi, insects, and nematodes [43–45].

3.3. Flavonoids

In the determination of the flavonoid content, a significant difference (p < 0.05) was
observed between the stressed and non-stressed materials, with the damaged jicama
showing the highest values, and also the dependency of root development (Figure 4).

The sample that presented the highest flavonoid content was the stressed jicama
at 140 days (58.06 mg g−1 quercetin), while the control jicama showed a lower content,
observing a maximum value (19.015 mg g−1 quercetin) at 140 days of root development.
These results coincided with those presented by Choi et al. [46] for six varieties of unstressed
potato tubers (2.66 to 6.44 mg g−1) and also those by Perla et al. [47], who reported a low
concentration of flavonoids in unstressed potato samples heated by different methods (raw,
boiled, and baked).

The effect of stress conditions on the increase in flavonoid content could be related
to the fact that these components play a key role in the stress response mechanisms in
plants, when acting as enzyme inhibitors or precursors of toxic substances for pests [48].
In a previous study, the toxicity of the extracts of Acanthus montanus against corn weevil
(Sitophilus zeamais) was proven, as it caused 80% mortality in adults after 24 h of treatment.
The phytochemicals present in Acanthus montanus were alkaloids, saponins, tannins, and
flavonoids [49].
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3.4. Total Phenols

In the determination of phenolic content, the stress condition promoted a significant
increase in the concentration of these components with respect to the control samples,
which showed the opposite behavior (Figure 5). The stressed samples presented the highest
total phenol concentration (p < 0.05) at 140 days of development, while in the control
samples, the phenolic compounds remained invariable after 140 days of root development.
This could be attributed to the biosynthesis of some components, such as phenylpropanoid
and flavonoid, and the increase in the contents of caffeic acid and epicatechin, in accordance
with what was reported by Liu et al. [21], where they mention that the total content of
the phenolic compounds increased in the infested Citrus limon leaves as compared with
control leaves. Furthermore, Mendoza [50] reported that the higher content of phenols
may be due to the increase in the concentration of salicylic acid (SA), as a result of some
biotic or abiotic stressor to which cells, organs, or plants are subjected. In the same context,
it has been reported that abscisic acid (ABA) largely controls the abiotic stress responses,
while defense against different biotic assailants is specified by the antagonism between
the salicylic acid (SA) and jasmonic acid (JA)/ethylene signaling pathways [51]. ABA
also plays important roles in many other physiological processes, such as seed dormancy,
and delays its germination, the development of seeds, the promotion of stomatal closure,
embryo morphogenesis, the synthesis of storage proteins and lipids, leaf senescence, and
also defense against pathogens [52].

Despite the few investigations on the accumulation of SA during fruit development
and its role in ripening [53], it is known that the endogenous concentration of its SA-free
form is higher during fruit development, decreasing progressively towards the time of
harvest [54].
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3.5. DPPH Antioxidant Activity

As in the other cases, the stressed samples presented higher DPPH values than those
of the control samples, ranging from 89.33% at 100 days to 68.45% at 140 days for the former,
while the control varied from 68.67% to 43.80% at 100 and 180 days, respectively (Figure 6).
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The reported information established that the unstressed material had DPPH values
ranging from 55.34% to 89.56%, referring to purple yam tuber [55], Terfezia truffles [56],
and Pachyrhizus erosus [57]. No information, at least to our knowledge, has been reported
regarding DPPH on stressed root tuber crops.
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3.6. Determination of Secondary Metabolites by HPLC

The control and stressed jicama samples were analyzed using HPLC, looking for the
presence of chlorogenic acid, ascorbic acid, protocatechuic acid, ferulic acid, pelargonidin,
ρ-coumaric, quercetin, caffeic acid, catechin, myricetin, rutin, aloin, scopoletin, esculin,
esculetin, and gallic acid. Of those mentioned compounds, catechin, quercetin, aloin,
scopoletin, esculin, esculetin, and gallic acid were not found in any of the samples.

3.6.1. Phenolic Acids

A change in the concentration of phenolic acids was found in the two types of jicama
roots (stress and control) during maturation, where only ferulic and caffeic acids were
present in the control sample for all maturation stages (Figure 7). These metabolites
observed opposite behaviors, with ferulic acid having the highest value at 100 days of root
development, while caffeic acid showed its highest value at 180 days of development.
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We also observed that the stressed sample increased its caffeic acid level with respect
to the control, reaching its highest concentration at 100 days of root development. Protocat-
echuic and chlorogenic acids were produced only under stress conditions, with the last one
having the largest value (7.48 mg g−1).
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It has been reported that caffeic and fumaric acids are involved in the shikimic
acid pathway as precursors of complex compounds, such as coumarins, lignin, tannins,
flavonoids, and isoflavonoids [58]. These metabolites have also been reported to have a
significant impact on the immune response of S. litura larvae in tobacco, mainly as the
concentration of caffeic acid increased [59]. It is also known that these components are
found in the plant cell walls of different plant materials. Pacheco et al. [60] cited that they
are present in jicama extracts, in the leaves [61] and roots of jicama, and in yacon tubers [62].
Some of these studies have mentioned that phenolic compounds increased the mortality of
some larvae [63].

Considering these results, it is possible that the largest molecular weight phenolic
acids, only present in the stressed sample (protocatechuic and chlorogenic acids), could be
synthesized as response to the stress, via a more efficient biochemical pathway, instead of
ρ-coumaric acid leading the production to flavonoids [64].

3.6.2. Flavonoids

The other class of secondary metabolites synthesized as a result of the development
stages of stressed and unstressed jicama samples corresponds to flavonoids, specifically
rutin, pelargonidin, and myricetin (Figure 8). From these data, it was observed that rutin,
which is reported to have anti-inflammatory and anticancer properties [65], was the only
metabolite present in the healthy crops, while pelargonidin and myricetin developed
mainly in the stressed samples. In the jicama control samples, the rutin concentrations
were 0.55, 0.31, and 0.4 mg g−1 at 100, 140, and 180 days, respectively, showing a significant
difference between the samples at the different development stages, with 100 days being
the highest concentration.
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Figure 8. Changes in flavonoids content by HPLC. (A) rutin (mg rutin/g sample), (B) pelargonidin
(mg pelargonidin/g sample), and (C) myricetin (mg myricetin/g sample), in Pachyrhizus erosus L. as a
result of development stages and stress conditions. Statistical analysis was carried out on all samples
and is presented as the average of at least 3 repetitions ± standard error. Different letters represent
the significant difference (p ≤ 0.05).

Flavonoids, such as rutin, apigenin, and luteolin, have been found in low concentra-
tions in plants inoculated with N. aberrans, and this nematode could also induce modifica-
tions in phenylpropanoid metabolism [66].

Pelargonidin was found in both samples at 100 days, showing a significant difference
between them; however, at 140 days it was found only in the jicama samples subjected
to stress, without it being significantly different from that found at 100 days (Figure 7).
Pelargonidin is reported to be an antioxidant, and is normally found in raspberries, straw-
berries, plums, and pomegranates [67], as well as in beans [68] and potatoes [60]. Antho-
cyanins are involved in secondary functions, such as survivor processes against pathogen
attacks (fungi, viruses, insects, and nematodes), or as a response to stressful physical
conditions (drought, salinity, temperature, and exposure to UV radiation) [69].
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Finally, myricetin, a flavonoid with antioxidant properties that are very similar to
quercetin and fisetin, was found at a concentration of 0.122 mg g−1 and 0.25 mg g−1 in
jicama subjected to stress at 100 and 140 days, respectively, showing a significant difference
between the periods and an increase according to the state of maturity (Figure 9). The
presence of myricetin in other crops (mashua, melloco, onion, and lentils) under stress
condition has been reported [60,70,71], citing a low concentration for all cases. Myricetin
has also been shown to have a prominent capacity to counteract low-density lipoprotein
(LDL) oxidation and the production of reactive oxygen species (ROS) [72].
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Many secondary metabolites are present in plants and provide a direct or indirect
defense against predators or pests [13,24,73]. The chemical structures of some secondary
metabolites are very similar, because they share intermediates derived from the same
metabolic pathways [24], such as caffeic acid and ferulic acid, which are hydroxycinnamic
acids, with caffeic acid being the precursor of ferulic acid [74] and a key intermediate in the
biosynthesis of lignin [75]. In this sense, and based on our phenolic acid results, a shortcut
in the metabolic pathway could be induced as a result of the biotic stress, directing to the
formation of ρ-coumaric and caffeic acid, instead of caffeic acid and ferulic acid, and at the
same time, promoting the formation of protocatechuic and chlorogenic acids, in a shorter
pathway that could require a lower energy cost.

On the other hand, aromatic compounds, such as L-phenylalanine, L-tyrosine, and
L-tryptophan, are derived from shikimic acid, an intermediate of the plant metabolic path-
way. In the case of phenylalanine, it produces cinnamic acid, while tyrosine may produce
4-coumaric acid. All plants seem to have the ability to deaminate phenylalanine using
the enzyme, phenylalanine ammonia-lyase (PAL). Cinnamic acids, as their coenzyme A
esters, can also function as starting units for chain extension with malonyl-CoA units
through polyketide synthases (PKSs), thus combining the elements of the shikimate and
acetate pathways, resulting in flavonoids, classifying into chalcones, flavones, flavanones,
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anthocyanidins, and catechins as described in Figure 9. As in the case of phenolic acids,
the production of flavonoids could change in the stress samples via a shorter biochem-
ical pathway, leading to the formation of myricetin and pelargonidin, as less steps are
required to produce these compounds (Figure 8). More studies are required to understand
this behavior.

4. Conclusions

Jicama (Pachyrhizus erosus L.) is an herbaceous plant of the Fabaceae family that is
usually consumed as a fresh vegetable and is known for its medicinal and nutritional
properties. This crop is infected or infested by biotic stresses, with one such problem
being white grub infestation. It has previously been published that resistance in plants
can be increased by physiological and biochemical changes, having a significant role in
the phenolic composition and bioactivity of these compounds, in particular its antioxi-
dant properties, which have been proven to be beneficial in food and biological systems.
Most phenolic compounds in food are naturally present in conjugated forms; in higher
plants, low-molecular-weight phenols occur as glycosides or esters with sugars or related
compounds. In plant cells, the antioxidant defense system and ROS accumulation uphold
a steady-state balance. Antioxidants directly or indirectly scavenge ROS and/or control
ROS production, helping in the protection of the plant. Plants have also adapted to use
ROS as stress signal transduction molecules, and a unique footprint of ROS responsive
genes is induced by each type of biotic and abiotic stress. Furthermore, ROS production
is required for ABA-driven stomatal closure. This commonality between the biotic and
abiotic stress-induced ROS production may contribute towards the positive effects of ABA,
SA, and antioxidants on the early pathogen response.

In this study, the secondary metabolites found are related to the biotic stress to which
the jicama samples were subjected, with the highest concentration of chlorogenic acid in
these samples. A proposal on the changes in the secondary metabolite synthesis pathway
was cited. The concentration of caffeic acid in the stressed samples was minimal, which
is considered to be the reason why there was no production of ferulic acid in these sam-
ples, possibly by promoting the formation of chlorogenic acid. For the flavonoids (rutin,
pelargonidin, and myricetin), these follow a longer route for their production, with the
chalcones being the precursors. Rutin is the flavonoid with the highest content in this
classification; however, it was only present in the control samples, while myricetin and
pelargonidin were present only in the samples of the jicama subjected to stress. It is worth
mentioning that these components are related by dihydrokaempferol. These results provide
insights into the development of the secondary metabolites in jicama, Pachyrhizus erosus,
under stress conditions, where a shorter metabolic route is suggested as a response to
the stress.
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