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Background: Diverse plants respond differently to similar saline conditions. The aim of the current study
was to determine the variation in the foliar contents of phenolic compounds, carotenoids, and proline,
and the variation of the activities of catalase (CAT) and superoxide dismutase (SOD) of the edible and
medicinal Physalis ixocarpa throughout three different times of exposure (24, 42, and 57 d) to three salin-
ity levels (0, 90, and 120 mM NaCl). The specific effects of salt concentration and time of exposure were
also assessed.
Results: Proline increase was the only clearly salt-related response, evidencing its significant protective
role in salinized P. ixocarpa under either short, medium, or chronic exposure. One phenolic acid, which
increased up to 26.26 times its concentration (compared to control, under high salinity at the longest
treatment) out of the eight compounds forming the phenolic profile of the species, and CAT and SOD,
under 90 and 120 mM NaCl, respectively, and short and medium exposure, also made important contri-
butions. Salt concentration mainly affected total phenolics, tannins, phenolic acids (PA), proline, and SOD,
whereas exposure time mainly affected flavonoids, carotenoids, and CAT.
Conclusions: The participation of the different protection mechanisms of P. ixocarpa against salinity is
dynamic and complementary, and it is differentially modulated by the salt concentration and the time
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of exposure. Proline is the main mechanism for the species. The accurate chronic registration of the
responses is needed to determine its adaptation potential to salt stress. The results have agronomic
and food quality implications.
How to cite: Hernández-Pacheco CE, Almaraz-Abarca N, Marlon Rojas-López M, et al. Salinity generates
varying chemical and biochemical responses in Physalis ixocarpa (Solanaceae) during different times of
exposure. Electron J Biotechnol 2022;59. https://doi.org/10.1016/j.ejbt.2022.06.002
� 2022 Pontificia Universidad Católica de Valparaíso. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Table 1
Saline treatments to which Physalis ixocarpa was submitted.

Treatment Saline condition
(mM NaCl)

Exposure time
(Days)

C-24D 0 24
90-24D 90 24
1. Introduction

Salinity cause inhibition of plant growth and development by
diminishing the external water potential, generating ionic imbal-
ance, ionic toxicity, and oxidative damage [1], which may lead to
plant death.

Plants have developed adaptive chemical and biochemical
mechanisms to reduce oxidative damage resulting from abiotic
stress. The chemical mechanisms include the biosynthesis of sec-
ondary metabolites, such as antioxidant phenolic compounds and
carotenoids [2,3]. The biochemical mechanisms include the accu-
mulation of osmolytes such as proline [3], and the participation
of antioxidative enzymes such as catalase (CAT) and superoxide
dismutase (SOD) [4].

Most studies on the responses of plants to salinity have been
carried out in a single stage of development [2,3,5,6] and have
focused on short-term responses [2,3]. An important insight from
these studies is that different plant species of comparable age
respond differently to similar saline treatments. In the current
study, we hypothesize that salt level and the duration of exposure
differentially modulate the chemical and biochemical responses of
plants, and we consider that the accurate knowledge of the partic-
ular defense strategies deployed by economically important plants
throughout long exposures to different salinity levels would con-
tribute to reveal their adaptive potential for cultivating in salinized
soils and could support the development of improvement and crop
expansion programs.

Physalis ixocarpa Brot. ex Hornem (husk tomato) belongs to
Solanaceae. It is an important edible and medicinal plant in
Mesoamerica [7]. Husk tomato is native to Mexico and is cultivated
mainly in the tropical and subtropical regions of its territory,
although, currently, it is cultivated in other countries [8]. In Mex-
ico, due to the increase in its demand, it seeks to expand the areas
of cultivation [9]. Arid and semiarid regions cover more than a half
of the territory of this country [10]; nevertheless, for different rea-
sons, these regions are being particularly affected by salinity,
which is one of the major abiotic stress limiting plant productivity
[11]. In this context, the assessment of the responses of P. ixocarpa
to salinity becomes a relevant issue. Despite this issue and its
importance as an edible and medicinal plant, the responses of P.
ixocarpa to salt stress have been less explored [12,13]. The aim of
the current study was to determine the variation in the foliar accu-
mulation of phenolic compounds, terpenoids, and proline, and of
the activities of SOD and CAT of salt-stressed P. ixocarpa through
short, medium, and chronic exposure, and to determine whether
the salt concentration and the exposure time differently affect
the chemical and biochemical responses of the species.
120-24D 120 24
C-42D 0 42
90-42D 90 42
120-42D 120 42
C-57D 0 57
90-57D 90 57
120-57D 120 57

Control plants received only nutrient solution (potassium nitrate, 0.50 g/L; calcium
nitrate, 0.70 g/L; magnesium nitrate, 0.20 g/L; mono ammonium phosphate, 1.00 g/
L; potassium sulfate 0.50 g/L; and micronutrients 0.20 g/L).
2. Materials and methods

2.1. Plant material and saline treatments

Seeds of P. ixocarpa var. Rendidora were germinated (May 2018)
in a greenhouse in Durango, Mexico, in peat moss–agrolite (8:2)
[9]. The study was conducted under repeated measures designs
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with one factor and three replicas. The factor levels were 0, 90,
and 120 mM NaCl [13], corresponding to 0.96, 10.35, and 14.04
dS/m electrical conductivity, respectively. The repeated measures
were 24, 42, and 57 d (these times represent growth stages of
the species). Experimental lots were formed by 15 plants. Each sal-
ine treatment (Table 1) had three experimental lots (replicas). Salt
solutions were applied eight days after germination (when 100%
germination was reached). The respective saline solutions were
provided in a manner such that the respective electrical conductiv-
ity was maintained. Electrical conductivity was checked daily. Min-
imum and maximum temperatures varied between 14.9�C and
17.7�C, and 33.5�C and 46.7�C, respectively, all over the study.
The daily photoperiod was 13 h.

2.2. Phenolic extracts

Leaves from the 15 plants of each experimental lot of each
treatment (three lots for each saline treatment, representing three
replicas) were collected, combined, dried at 40�C, ground, and
independently analyzed. Extracts were prepared from 3 g of sam-
ple, according to Vasavilbazo-Saucedo et al. [14].

2.3. Total phenolics (TP)

TP was determined according to Noreen et al. [15], from a gallic
acid standard curve (Abs765 = 11.2460 [gallic acid] – 0.0180,
r = 0.9998). Contents were expressed as milligrams equivalents
of gallic acid per gram of dry extract (mg GAE/g DE).

2.4. Condensed tannins (TCT)

TCT was estimated according to Julkunen-Tiitto [16], from an
epicatechin standard curve (Abs500 = 2.1932 [epicatechin] + 0.015
0, r = 0.9949), and expressed as milligrams equivalents of epicate-
chin per gram of dry extract (mg EE/g DE).

2.5. Carotenoids (CR)

Extraction and quantification of carotenoids were carried out
according to Conesa et al. [17] by using a standard b-carotene
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curve (Abs450 = 0.6472 [b-carotene] – 0.0036, r = 0.9999). Contents
were expressed as micrograms equivalents of b-carotene per gram
of dry tissue (lg b-CE/g DT).

2.6. Phenolic profiles

The phenolic profiles were determined in a Perkin Elmer Flexar
HPLC-DAD system, using the gradient method previously described
[18], with a Perkin Elmer Brownlee Analytical C18 column (4.6 �
250 mm, 5 lm). Chromatograms were registered at 260 and
340 nm. UV spectra of the resolved peaks were registered between
200 and 400 nm, using a Perkin Elmer Flexar diode array-detector
(DAD). The injection volume was 100 lL and the flow rate was
0.8 mL/min. Structural information was obtained by interpreting
the UV spectra according to Campos and Markham [18], and by
comparing the retention time (RT) and kmax of the resolved com-
pounds in the chromatograms with those of the standards. Concen-
trations were estimated by area measurements, using a standard
curve of rutin (slope: 6564.40, intercept: 127.33, r = 0.9965) for fla-
vonols and a standard curve of ferulic acid (slope: 39870.00, inter-
cept: 6372.9, r = 0.9985) for phenolic acids (PA) and their
derivatives. Concentrations were expressed as micrograms per
gram of dry extract (lg/g DE). The total contents of flavonoids
(TF) were estimated by adding the individual flavonoid concentra-
tions of one sample, whereas the total contents of PA by adding the
individual PA concentrations of one sample. Concentrations were
reported as milligrams per gram of dry tissue (mg/g DE).

2.7. Antioxidant capacity

The DPPH� (1,1-diphenyl-2-picrilhidrazil) scavenging activity,
determined according to Medina-Medrano et al. [7], was expressed
as the efficient concentration at 50% (EC50, mg/mL). The iron-
reducing power (IRP) was evaluated according to Chavan et al.
[19], registering the sample absorbance at 700 nm.

2.8. Proline

Proline content was determined according to Sarker and Oba
[4], from a proline standard curve (Abs520 = 1.4946 [L-
proline] + 0.0230, r = 0.9939) and expressed as milligrams per gram
of fresh tissue (mg/g FT).

2.9. CAT and SOD activities

Enzyme extracts and the activities of CAT and SOD were accord-
ing to Sarker and Oba [4]. The protein content in the enzyme
extracts was estimated according to Mæhre et al. [20], from a stan-
dard curve of bovine serum albumin. CAT and SOD activities were
expressed as units per gram of protein (U CAT/g Prot) and units per
milligram of protein (U SOD/mg Prot), respectively.

2.10. Data analysis

Data were submitted to repeated measures analysis and means
separated by Duncan’s multiple range test (p < 0.05), using RStudio.
Principal component analyses (PCA) was used to determine the
contribution of the chemical and biochemical response to differen-
tiation of plants from different treatments. The chemical and bio-
chemical relations between plants from different treatments
were separately determined by cluster analyses (paired group
UPGMA and Euclidean similarity index). The effects of salt concen-
tration and time of exposure on the chemical and biochemical
responses were assessed using canonical correspondence analyses
(CCA). Cluster analyses, PCA, and CCA were obtained using
Past4.07b.
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3. Results and discussion

3.1. Effect of treatments on chemical responses

Plants under any treatment had a good survival, suggesting that
P. ixocarpa has an excellent adaptation potential to salinity.

Significant differences in the accumulation of the types of phe-
nolic compounds analyzed were found (Fig. 1a-1d). The results
revealed that the leaves of unstressed P. ixocarpa are a good source
of TP and TF when compared with the leaves of other Solanaceae,
such as Solanum lycopersicum, for which 7.34 mg/g extract of total
phenolics and 18.51 mg/g extract of flavonoids were reported [2]. A
salt-dependent increase of TP and TCT was observed only after 24 d
of exposure, suggesting that these compounds represent an initial
strategy of P. ixocarpa to cope with saline stress, whereas, only
after d 57, a salt-dependent increase of PA was detected, suggest-
ing their participation as protectors after chronic saline exposure.
No salt-dependent increase but decreases were observed for TF
after any time of exposure, revealing that flavonoids play no
important role as protectors against salinity in husk tomato. The
reduction in TF was also reported for S. lycopersicum [2], although
in that study only one NaCl concentration, not progressive
increases, was evaluated. Comparing our results with those found
for other plant species, a great diversity of responses in the accu-
mulation of TF and PA have been informed [5,6,21,22,23]; even, a
minor significance of flavonoids as protectors against salt-
induced oxidative damage has been reported [24]. This diversity
of responses could be a consequence of the different experimen-
tal conditions, in which the studies were carried out. However, it
can also indicate that diverse genetically controlled responses
against saline stress have emerged among different plant species,
even in related species. The species-specific responses found for
species of the genus Brassica (Brassicaceae) [25] support this
proposal.

Carotenoids are other secondary metabolites reported as pro-
tectors against salinity stress [26]. In plants, carotenoids play
essential roles in photosynthesis and photoprotection [27]; how-
ever, according to the data shown in Fig. 1e, their involvement as
protectors against salinity stress was little relevant in P. ixocarpa.
A reduced role for these compounds was also found for other Sola-
naceae [2,3], suggesting a probable common response of carote-
noids under salt stress in the family. Nevertheless, other species
responded differently [21,26].

Our results suggest that the accumulation of phenolic com-
pounds and carotenoids of a single species vary under short, med-
ium, and long salt treatments. Thus, the accurate registration of the
chemical changes taking place in chronically salinized plants is
necessary for a better understanding of the accumulation pro-
cesses and roles of secondary metabolites, which can represent
useful markers to support the development of conservation,
improvement, and crop expansion programs.

The DPPH� scavenging activity and the IRP of husk tomato
leaves were not clearly dependent on phenolic contents and salt
concentration (Fig. 1f-1g). Contrary, the increase of DPPH� scaveng-
ing activity as the increase of phenolic contents and abiotic stress
has been found for other species [4]. However, not only the con-
centration of phenolic compounds but also the composition is
important in determining the antioxidant activity in plant tissues
[28].

The HPLC-DAD analysis revealed eight main phenolic com-
pounds. Fig. 2a-2i shows the chromatograms registered for each
sample. Fig. 3 displays the UV spectra of each compound resolved
in the chromatograms, its RT, and kmax. Compounds 1–4 were PA, 5
and 6 were flavonols. Compound 5 was proposed as rutin. 6 was a
kaempferol-3-O-glycoside. 7 and 8 were p-coumaric acid
derivatives.



Fig. 1. Effect of saline treatments on the content of total phenolics (a), condensed tannins (b), flavonoids (c), PA (d), carotenoids (e), DPPH� scavenging capacity (f), and IRP (g)
of Physalis ixocarpa. DE: Dry extracts, DT: Dry tissue.
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Fig. 2. HPLC-chromatograms of the foliar extracts of Physalis ixocarpa exposed to different saline treatments. Saline treatments according to Table 1. Numbers in bold
represent compounds according to Table 2.

C.E. Hernández-Pacheco, N. Almaraz-Abarca, M. Rojas-López et al. Electronic Journal of Biotechnology 59 (2022) 25–35

29



Fig. 3. UV spectra of the major foliar phenolics of Physalis ixocarpa. RT: Retention time (min). Numbers in bold represent compounds according to Table 2.
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The foliar phenolic profile of untreated mature P. ixocarpa
(Fig. 2g) was different from those reported for other species (also
in the mature stage) of the genus, such as P. patula, P. solanaceae,
P. subulata, P. angulata, and P. hederifolia var. hederifolia [7], sup-
porting the proposal made by several authors that phenolic profiles
have a species-specific trend [7,29].

Quantitative age-dependent differences were observed in the
foliar phenolic profiles of untreated P. ixocarpa (Table 2), in accor-
dance with the quantitative age-dependent variation found for
Physalis angulata [30]. The high concentrations of 5 and 6 in plants
from C-24D were notable.

In addition to the changes in the concentration of the individual
foliar phenolic compounds of P. ixocarpa due to the natural demand
during its growing process, changes caused by treatments were
30
found (Table 2). Only under the longest treatments (57 d), 3 signif-
icantly increased in a salt-dependent manner by 17.19 and 26.26
times more under the moderate and high salinity, respectively,
than the respective control, suggesting that this phenolic acid plays
an important protective role in husk tomato against salinity after
chronic exposure. The accumulation of some PA under a deter-
mined saline condition but not in others (Table 2) is in agreement
with other reports [11,25], suggesting a dynamic participation
against salt stress for some single phenolic compounds, according
to defined combinations of salt concentration and time of
exposure.

No clear protector role was found for the two flavonols 5 and 6
neither the two p-coumaric acid derivatives 7 and 8 (Table 2), in
disagreement with that reported for other plants [11,31], including
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tomato [32]. The variation of the individual compounds concentra-
tions suggests that for a single plant species, variations in salt con-
centrations and exposure time can stimulate the accumulation of
different flavonoids and PA, which could be useful to improve
the selective accumulation of bio-products in plants.

3.2. Effect of treatments on the biochemical responses

The variations in proline, CAT, and SOD are shown in Fig. 4a-4c.
The clear salt-dependent increase of proline content was observed
in every exposure time, mainly after 57 d (Fig. 4a), suggesting that
this amino acid is a key biochemical mechanism of P. ixocarpa
against moderate and high saline stress, either under short, med-
ium, or chronic exposure. This prominent role of proline in salt-
stressed husk tomato can derive from its multiple roles in cells,
such as an osmolyte, which protects plants against the osmotic
unbalance generated by saline stress [33,34]; as a protector against
oxidative damage, due to its capability to scavenge hydroxyl radi-
cal and quench singlet oxygen; and as a stabilizer of macro-
molecules and membrane structure [33]. The importance of
proline in plant defense against salt has also been revealed for
other species of Solanaceae [2,3], which could suggest a common
strategy of proline accumulation against salinity in the family.

CAT played a major protective role after 24 and 42 d of exposure
to 90 mM NaCl, its activity increased by about 5 and 3 times,
respectively, compared to the respective controls (Fig. 4b), suggest-
ing a hydrogen peroxide detoxification promotion in P. ixocarpa
under these saline conditions, as CAT catalyzes that detoxification
in cells [4]. SOD played a protective role in P. ixocarpa after the
same times of exposure (24 and 42 d) but under the strong salt
concentration (Fig. 4c), as its activity increased by 1.20 and 1.38
times, respectively, compared to the respective controls, suggest-
ing a promotion of dismutation of superoxide radicals to H2O2

and O2 in the leaves of P. ixocarpa, as this enzyme catalyzes this
reaction in cells [4]. The results suggest a complementary role for
these two enzymes under increased salt concentration for P. ixo-
carpa after short and medium time of exposure. Important protec-
tive roles of CAT and SOD were also found for the Solanaceae S.
lycopersicum [2] and L. ruthenicum [3], although for these species
it is difficult to assign a complementary role because the studies
were carried out at a single time of exposure for the first species
and at only one salt level and one time of exposure for the second
one. Different results have been reported for other plants, for
which neither CAT nor SOD responded to increases of salt concen-
tration [22].

Regarding the chemical responses, the variation of biochemical
responses may be the consequence of a diversity of genetically
controlled responses against saline stress that have emerged in dif-
ferent plant species, with a single species being able to display a
wide, complementary, and complex range of biochemical
responses throughout chronic exposure to different salt
concentrations.

3.3. PCA and cluster analysis based on the chemical and biochemical
responses

PC1 and PC2 of the chemical responses-based PCA accounted for
99.94% of the variance; PC1 was correlated with CR, TCT, and the
antiradical activity, whereas PC2 was correlated with TF (Fig. 5a).
PC1 and PC2 of the biochemical responses-based PCA accounted
for 99.74% of the variance; PC1 was correlated with CAT and PC2
was correlated with proline (Fig. 6a). All these responses sustained
the discrimination between P. ixocarpa from different saline
treatments.

The similarity between the chemical and biochemical
responses of P. ixocarpa from different saline treatments was



Fig. 5. Results of the PCA (a) and cluster analysis (b) based on the chemical responses of Physalis ixocarpa exposed to different saline treatments. Saline treatments according
to Table 1. Each treatment is represented by three replicas.

Fig. 4. Effect of saline treatments on proline content (a), CAT activity (b), and SAT (c) of Physalis ixocarpa.
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assessed by two cluster analyses (Figs. 5b and 6b). Both cluster
analyses revealed that at early growth stages the chemical and
biochemical responses of P. ixocarpa to different treatments were
less variable than at advance stages, as plants from the treat-
ments 90-24D and 120-24D formed a single group with the high-
est similarity, whereas plants from the longer treatments formed
a more heterogeneous group. However, both cluster analyses
32
corroborated the potential of the chemical and biochemical
responses to discriminate between husk tomato cultivated under
different salt treatments, as plants from each treatment was
grouped in a single clade. These results verify that the chemical
and biochemical responses of the husk tomato represent a valu-
able fingerprinting with agronomic and food quality control
implications.



Fig. 7. CCA showing the influence of salt concentration and time of exposure on the chemical responses of Physalis ixocarpa exposed to different saline treatments. Saline
treatments according to Table 1. Each treatment is represented by three replicas.

Fig. 6. Results of the PCA (a) and cluster analysis (b) based on the contents of proline and the activities of CAT and SOD of Physalis ixocarpa exposed to different saline
treatments. Saline treatments according to Table 1. Each treatment is represented by three replicas.
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3.4. Relation of the chemical and biochemical responses and salt
concentration and time of exposure

The effect of salt concentration and time of exposure on the
chemical responses evaluated for salt-stressed P. ixocarpa were
assessed by a CCA (Fig. 7). CCA1 explained 96.23% of total variance
(1,000 permutations, P = 0.001). The results indicate that the time
of exposure mainly affected TF and CR, whereas salt concentration
had a greater impact on TP, TCT, PA, and the antioxidant properties.

The effect of salt concentration and time of exposure on the bio-
chemical responses evaluated of salt-stressed P. ixocarpa were
33
assessed by other CCA (Fig. 8). CCA1 explained 97.73% of total vari-
ance (1,000 permutations, P = 0.001). The time of exposure mainly
influenced CAT activity, whereas salt concentration mainly influ-
enced proline content and SOD activity.

The current results reveal that for P. ixocarpa some chem-
ical and biochemical responses were mainly triggered by salt
concentration, whereas others mainly responded to exposure
time. As chemical changes determine variations in the
organoleptic and functional properties of plants [35], the accu-
rate registration of these changes can be useful as control
quality tools.



Fig. 8. CCA showing the influence of salt concentration and time of exposure on the biochemical responses of Physalis ixocarpa exposed to different treatments. Saline
treatments according to Table 1. Each treatment is represented by three replicas.
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4. Conclusions

Physalis ixocarpa has developed complex defense systems to
cope with salt stress. Proline was revealed as the main defense
mechanism; however, under particular saline conditions, proline
can synchronize with the increase in compound 3 and CAT and
SOD activities. The panorama revealed here for P. ixocarpa, suggests
that the participation of the different mechanisms is dynamic and
complementary, and it is differentially modulated by intensity of
salinity and duration of the treatments. Since the responses can
vary as the time of exposure increases, it is necessary to register
not only short-time responses but long-time responses to deter-
mine the adaptation potential of economically important plants
to salinity. The collected data have agronomic and food quality
implications.

Financial support

This research was supported by Instituto Politécnico Nacional
[grant number 20201102].

Conflict of interest

The authors declare no conflict of interest.

Acknowledgments

To Comisión de Fomento a las Actividades Académicas del Insti-
tuto Politécnico Nacional for stimuli for research, and Consejo
Nacional de Ciencia y Tecnología for the stimuli (708322) to one
of the authors (CEHP). To Dr. María da Graça Campos for her help
in the interpretation of UV spectra.

References

[1] Hanin M, Ebel C, Ngom M, et al. New insights on plant salt tolerance
mechanisms and their potential use for breeding. Front Plant Sci 2016;7:1787.
https://doi.org/10.3389/fpls.2016.01787. PMid: 27965692.
34
[2] Ahanger MA, Alyemeni MN, Wijaya L, et al. Potential of exogenously sourced
kinetin in protecting Solanum lycopersicum from NaCl induced oxidative stress
through up-regulation of the antioxidant system, ascorbateglutathione cycle
and glyoxalase system. PLoS ONE 2018;13(9):e0202175. https://doi.org/
10.1371/journal.pone.0202175. PMid: 30180173.

[3] Li Y, Zhang T, Zhang Z, et al. The physiological and biochemical photosynthetic
properties of Lycium ruthenicum Murr in response to salinity and drought. Sci
Hortic 2019;256:108530. https://doi.org/10.1016/j.scienta.2019.05.057.

[4] Sarker U, Oba S. Catalase, superoxide dismutase and ascorbate-glutathione
cycle enzymes confer drought tolerance of Amaranthus tricolor. Sci Rep
2018;8:16496. https://doi.org/10.1038/s41598-018-34944-0.

[5] Minh LT, Khang DT, Ha PTT, et al. Effects of salinity stress on growth and
phenolics of rice (Oryza sativa L.). Int Lett Nat Sci 2016;57:1–10. https://doi.
org/10.18052/www.scipress.com/ILNS.57.1.

[6] Yan K, Zhao S, Bian L, et al. Saline stress enhanced accumulation of leaf
phenolics in honeysuckle (Lonicera japonica Thunb.) without induction of
oxidative stress. Plant Physiol Biochem 2017;112:326–34. https://doi.org/
10.1016/j.plaphy.2017.01.020. PMid: 28131061.

[7] Medina-Medrano JR, Almaraz-Abarca N, González-Elizondo MS, et al. Phenolic
constituents and antioxidant properties of five wild species of Physalis
(Solanaceae). Bot Stud 2015;56:24. https://doi.org/10.1186/s40529-015-
0101-y. PMid: 28510833.

[8] González-Pérez JE, Guerrero-Beltrán JA. Tomatillo or husk tomato (Physalis
philadelphica and Physalis ixocarpa): A review. Sci Hortic 2021;288:110306.
https://doi.org/10.1016/j.scienta.2021.110306.

[9] Valdivia-Mares LE, Rodríguez Zaragoza FA, Sánchez González JJ, et al.
Phenology, agronomic and nutritional potential of three wild husk tomato
species (Physalis, Solanaceae) from Mexico. Sci Hortic 2016;200:83–94.
https://doi.org/10.1016/j.scienta.2016.01.005.

[10] Perez-Aguilar LY, Plata-Rocha W, Monjardin-Armenta SA, et al. The
identification and classification of arid zones through multicriteria
evaluation and geographic information systems—Case study: Arid regions of
northwest Mexico. ISPRS Int J Geo-Inf 2021;10(11):720. https://doi.org/
10.3390/ijgi10110720.

[11] Cuong DM, Kwon S-J, Nguyen BV, et al. Effect of salinity stress on
phenylpropanoid genes expression and related gene expression in wheat
sprout. Agronomy 2020;10(3):390. https://doi.org/10.3390/
agronomy10030390.

[12] Esringü A, Kant C, Yildirim E, et al. Ameliorative effect of foliar nutrient supply
on growth, inorganic ions, membrane permeability, and leaf relative water
content of Physalis plants under salinity stress. Commun Soil Sci Plant Anal
2011;42(4):408–23. https://doi.org/10.1080/00103624.2011.542220.

[13] Rosas-Medina I, Colmenero-Robles A, Naranjo-Jiménez N, et al. La salinidad
incrementa el contenido de flavonoides, de antocianinas, y el potencial
hipoglucemiante de tomatillo (Physalis ixocarpa). e-Cucba 2020;7:21–9.
https://doi.org/10.32870/e-cucba.v0i13.144.

[14] Vasavilbazo-Saucedo A, Almaraz-Abarca N, González-Ocampo HA, et al.
Phytochemical characterization and antioxidant properties of the wild edible
acerola Malpighia umbellate Rose. CYTA-J Food 2018;16(1):698–706. https://
doi.org/10.1080/19476337.2018.1475424.

https://doi.org/10.3389/fpls.2016.01787
https://doi.org/10.1371/journal.pone.0202175
https://doi.org/10.1371/journal.pone.0202175
https://doi.org/10.1016/j.scienta.2019.05.057
https://doi.org/10.1038/s41598-018-34944-0
http://refhub.elsevier.com/S0717-3458(22)00024-0/h0025
http://refhub.elsevier.com/S0717-3458(22)00024-0/h0025
http://refhub.elsevier.com/S0717-3458(22)00024-0/h0025
https://doi.org/10.1016/j.plaphy.2017.01.020
https://doi.org/10.1016/j.plaphy.2017.01.020
https://doi.org/10.1186/s40529-015-0101-y
https://doi.org/10.1186/s40529-015-0101-y
https://doi.org/10.1016/j.scienta.2021.110306
https://doi.org/10.1016/j.scienta.2016.01.005
https://doi.org/10.3390/ijgi10110720
https://doi.org/10.3390/ijgi10110720
https://doi.org/10.3390/agronomy10030390
https://doi.org/10.3390/agronomy10030390
https://doi.org/10.1080/00103624.2011.542220
https://doi.org/10.32870/e-cucba.v0i13.144
https://doi.org/10.1080/19476337.2018.1475424
https://doi.org/10.1080/19476337.2018.1475424


C.E. Hernández-Pacheco, N. Almaraz-Abarca, M. Rojas-López et al. Electronic Journal of Biotechnology 59 (2022) 25–35
[15] Noreen H, Semmar N, Farman M, et al. Measurement of total phenolic content
and antioxidant activity of aerial parts of medicinal plant Coronopus didymus.
Asian Pac J Trop Med 2017;10(8):792–801. https://doi.org/10.1016/j.
apjtm.2017.07.024. PMid: 28942828.

[16] Julkunen-Tiitto R. Phenolic constituents in the leaves of northern willows:
methods for the analysis of certain phenolics. J Agric Food Chem 1985;33
(2):213–7. https://doi.org/10.1021/jf00062a013.

[17] Conesa A, Manera FC, Brotons JM, et al. Changes in the content of chlorophylls
and carotenoids in the rind of Fino 49 lemons during maturation and their
relationship with parameters from the CIELAB color space. Sci Hortic
2019;243:252–60. https://doi.org/10.1016/j.scienta.2018.08.030.

[18] Campos MG, Markham KM. Structure information from HPLC and on-line
measured absorption spectra: Flavones, flavonols and phenolic
acids. Coimbra: Coimbra University Press; 2007. 118 p. https://doi.org/
10.14195/978-989-26-0480-0.

[19] Chavan RR, Bhinge SD, Bhutkar MA, et al. Characterization, antioxidant,
antimicrobial and cytotoxic activities of green synthesized silver and iron
nanoparticles using alcoholic Blumea eriantha DC plant extract. Mater Today
Commun 2020;24:101320. https://doi.org/10.1016/j.mtcomm.2020.101320.

[20] Mæhre HK, Dalheim L, Edvinsen GK, et al. Protein determination - Method
matters. Foods 2018;7(1):5. https://doi.org/10.3390/foods7010005. PMid:
29301260.
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