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Impact of ultraviolet B radiation applications on some
secondary metabolites in thyme (Thymus vulgaris L.)
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ABSTRACT

The impact of ultraviolet radiation B (UV-B) applications on the production of secondary metabolites, such
as phenols, flavonoids and anthocyanins, in thyme plants was studied. The stems, leaves and flowers were
subjected to an experiment design that had a 4X2 factorial arrangement, evaluating: dose UV-B radiation
(0.05 and 0.075 Wh m), sampling points (75 days after transplanting [cut-off point] and 92 days after trans-
planting [full flowering] according to the BBCH scale), adaptation time (24 and 49 hours) and extraction
matrices of plant material (fresh and dried). The experiment unit corresponded to matrices from Thymus vul-
garis L. (C.N. thyme) plants. Ten extractions were done per treatment, and a chemical analysis test were per-
formed in triplicate. The extraction was done with a modified Randall method. The results showed that the
application of UV-B radiation at a dose of 0.075 Wh m? increased the concentration of secondary metaboli-
tes of interest. The compounds that showed a better response to treatment were phenols and anthocyanins.
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RESUMEN

El impacto de la aplicacién de la radiacién ultravioleta B (UV-B) en la produccién de metabolitos secundarios como
fenoles, flavonoides y antocianinas fue estudiado en plantas de tomillo. Los tallos, hojas y flores fueron sometidos a
un disefio experimental que consistié en un arreglo factorial 4 X2, evaluando: dosis de radiacién UV-B (0,05 y 0,075
Wh m?), estado fenolégico del momento de muestreo (75 dias después del trasplante o fecha de corte o cosecha y
92 dias después del trasplante — plena floracién), tiempos de adaptacién (24 y 49 horas) y matrices de extraccién del
material vegetal (fresco y secado). La unidad experimental correspondié a extractos de matrices frescas y secas de
plantas de la especie Thymus vulgaris L. (N.C. tomillo). Se realizaron diez extracciones por tratamiento y las pruebas
de andlisis quimico se realizaron por triplicado. La obtencién de los analitos se realizé a través del método Randall
modificado. Los resultados indican que la aplicacién de radiacién UV-B a la dosis de 0.075 Wh m? aumenta la con-
centracién de metabolitos secundarios de interés. Los fenoles y antocianinas fueron los compuestos que mostraron

una mejor respuesta al tratamiento.

Palabras clave adicionales: Lamiaceae; tecnologia poscosecha; inductores; compuestos fendlicos; fenil propanoides.
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Ultraviolet radiation B (UV-B) has been classified by
Gorelick and Bernstein (2014) and other authors as
an abiotic-exogenous elicitor. The use of elicitors in
the post-harvest stage to improve the quality of fresh
fruits and vegetables has been studied in recent de-
cades (Fischer and Pérez, 2012). Some post-harvest
treatments investigated for this purpose have been
stress by mechanical action, changes in storage tem-
perature, use of ultraviolet radiation, and immersion
in solutions of inorganic salts, among others. These
post-harvest treatments have gone beyond maintain-
ing the quality of agricultural products to the point
of intervening and modifying metabolisms in order
to increase or decrease the synthesis of secondary me-
tabolites in plant tissue. This creates an opportunity
for innovation through the generation of products
and agricultural by-products with added value of in-
terest for the processing industry, as well as for the
final consumer, as mentioned by Baenas et al. (2014).

As organisms that depend on solar radiation for the
development of many of their biological processes,
plants have generated various mechanisms of defense
and control against variations in the amount of in-
cident radiation, especially with respect to the inci-
dence of ultraviolet radiation (Hideg er al., 2013). In
recent decades, the impact of an increase and change
in the distribution of incident ultraviolet radiation on
Earth has become a research field of interest, especial-
ly in plants of high commercial and medicinal value,
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such as aromatic plants, as mentioned by Kumari and
Prasad (2013). One of the indicators of impact is the
presence and concentration of secondary metabo-
lites (alkaloids, glycosides, flavonoids, and tannins,
among others).

Some of the various effects caused by stress from ul-
traviolet B radiation and reported by Julkunen-Tiitto,
Nenadis et al. (2015) are structural changes, altera-
tion in the composition of secondary metabolites,
influence on the processes of adaptation and ability
to interrupt or inhibit photosynthesis. Another effect
of ultraviolet B radiation is the reduction of avail-
able oxygen, inducing the generation of free radicals
(Karkénen and Kuchitsu, 2015).

The oxidative stress generated by the incidence of
UV B radiation generates a response in plant tissue,
expressed as an increase in the biosynthesis of sec-
ondary metabolites, such as flavonoids, which have
a filtering activity on this type of radiation. This
helps to reduce the negative impact of incident ra-
diation on the cell structures of plants, according to
Brunetti et al. (2013). Other secondary metabolites,
such as phenolic compounds have antioxidant activ-
ity. These compounds are the main constituents of
the essential oils that can be extracted from aromat-
ic plants, which are a product of interest for these
crops. The application of ultraviolet B radiation as a
post-harvest treatment can trigger an increase in the
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amount of secondary metabolites that will in turn be
reflected in an increase in the quality of extracts and
essential oils, increasing the value of these agricultur-
al by-products. Some authors, such as Jenkins (2014),
have reported an increase of about 35% compared to
control plants.

The objective of this research was to evaluate the ef-
fect of the application of ultraviolet B radiation as a
post-harvest technology on the concentration of phy-
tochemical compounds, such as phenols, flavonoids
and anthocyanins, present in the ethanolic extracts
of Thymus vulgaris L.

MATERIALS AND METHODS

This test was carried out during the years 2014 to
2016 in the Research Laboratory in Plant Physiology
assigned to the Department of Biology of the Univer-
sidad Nacional de Colombia, Bogota.

Thymol chemotype thyme cuttings were used, de-
veloped in a hydroponic medium. The cuttings were
transplanted to a substrate for peat type tests that
had a pH between 5.5 and 6.5. The plant nutrition
management was developed according to the esti-
mation of missing elements and their subsequent
complement for optimal performance according
to Gémez (2009); Alarcén (2011) and Castro et al.
(2013). Irrigation management was carried out by
sprinkling according to the parameters established
for thyme by Cabot (2003).

The experiment design consisted of a 2x4 factorial
arrangement with the following factors: phenologi-
cal status of sampling points, radiation dose, time of
adaptation to radiation effects and whether the plant
material was subjected to drying prior to extraction
or not. The experiment unit was the matrices of Thy-
mus vulgarss L. plants (C.N. thyme). Ten extractions
were made per treatment, and a chemical analysis
test was performed in triplicate.

The stems and leaves of the plants sown in two dif-
ferent phenological stages were taken at 75 and 92
days after transplant (DAT). According to the BBCH
scale, 75 DAT corresponds to the 39G state (nine
detectable nodes or cut points), while 92 DAT cor-
responded to the state of full flowering of the plant
(Pérez et al., 2013).
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A handmade radiation chamber equipped with Phil-
ips TL 40W/12RS lamps (Philips Broadband, Ger-
many) was used to irradiate the samples. According
to the technical specifications, the lamps can gener-
ate an average dose of 0.045 Wh m?. The doses were
determined based on previous studies carried out on
vegetables subjected to this type of radiation by Pérez
et al. (2010). To ensure the doses of UV-B radiation,
the plant material exposure time to the radiation was
used as the measurement criterion. The radiation
dose 1, 0.05 Wh m?, was obtained with a time of 1 h
7 min, and dose 2, 0.075 Wh m? , was obtained with a
time of 1 h 40 min. The plant material was subjected
to radiation and subsequently left in adaptation time.
To confirm the effect produced by radiation, part of
the vegetal material was not radiated to have a nega-
tive control in each of the doses.

The adaptation time was defined as the time neces-
sary for the plant tissue to generate a response to the
stimulus, i.e. the application of ultraviolet B radia-
tion. In this study, 24 and 49 h were used as the prede-
termined adaptation time after exposure to radiation
doses and compared with the control negative.

Extraction technique and vegetal matrix

The ethanolic extract for subsequent analyses was
obtained by the Randall method with modifications
using a SER 148/3 VELP Scientifica device (VELP Sci-
entifica Srl, Usmate Velate MB, Italy). Ethanol was
selected as the solvent because of its high polar ca-
pacity and broad spectrum of solubilization of phy-
tochemicals. For the extraction process, 1 kg of fresh
or dry irradiated material was taken depending on
the case and extraction temperature (Te) of 95 °C,
together with an immersion time (I) of 45 min. Af-
terwards, the extraction thimble was removed from
the solvent and left for a wash time (W) of 25 min.
Finally, the extraction process ended with a solvent
recovery phase of (R) 15 min, according to the meth-
odology reported by Pérez et al. (2013).

Since a drying process can influence the concentra-
tion of phytochemicals in a material that is extracted,
this effect was studied with extractions in both the
fresh matrix and the material subjected to the drying
process, using 60= 3°C as the drying temperature for
24 h or until constant weight of the material, accord-
ing to Sarosiet al. (2013). The drying process was car-
ried out in a Memmert U30 forced convection oven
(Memmert GmbH + Co. KG, Germany).



Quantity of total phenols

The Folin-Ciocalteu method was used according to
the methodology reported by Roby et al. (2013). A
sample of the alcoholic extract was taken and placed
in a test tube. Then, 10 mL of saturated sodium car-
bonate were added with 5 mL of the Folin-Ciocalteu
reagent. The tubes were shaken for 15 s and placed in
a dark place for 30 min. Next, the absorbance of each
sample was determined at a wavelength of 760 nm.
Gallic acid in solution was used as a standard at dif-
ferent concentrations. The content of total phenols
was reported as percentage of gallic acid, using the
equation proposed by Roby et al. (2013) (1)

EAG

S

%AGeM = x100 (1)

where, %AGe/M corresponds to the percentage of gal-
lic acid in the sample, EAG is the gram equivalent of
gallic acid and Ce is the weight of the extract in mg.

Quantity of total flavonoids

The total flavonoid content was measured using the
methodology from Ghasemi e a/. (2014). In a 10 mL
graduated balloon, 2.5 mg (+ 0.1 mg) of dry extract
were placed together with 2 mL of 80% ethanol, 200
uL of 10% aluminum nitrate solution, 200 uL of so-
dium acetate solution and potassium 1 M. Finally,
the volume was completed with 80% ethanol. The
volumetric balloons were left for 40 min, and the ab-
sorbance of the samples was determined at a wave-
length of 415 nm. The concentration of flavonoids
is usually reported in mg of quercetin, therefore, a
calibration curve of solutions with this pattern was
constructed using the following equation (2)

mgQRT

mL

A415-0.0799
5.3907

@)

where, mgQRT/mL corresponds to mg of quercetin
per ml of extract and A415 is the absorbance of the
sample measured at 415 nm.

Quantity of total anthocyanins

The content of total anthocyanins in the samples
was determined with the pH-differential spectros-
copy method following the methodology reported
by Medina er al. (2016). 0.5 g of sample were taken,
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and 1.0 mL of water was added, which was agitated
for 15 min. Next, the solution was filtered, and two
0.2 mL samples were taken. The first aliquot was
diluted with a buffer solution with pH 1.0, and its
absorbance was measured at 530 nm. The other ali-
quot was diluted in a buffer solution with pH 4.5,
and its absorbance was taken at 700 nm. For the
calculations, the molar extinction coefficient of the
cyanidin-3-glucoside estimated at 26,900 was taken
as reference, and the results were expressed in equiva-
lent mg of glucoside per 100 g of sample, using the
following expression (3)

(itn,) -
100 g

where, Am corresponds to monomeric anthocyanins,
AA is the change in absorbance at the two wave-
lengths and at the two pH levels, and FD is the re-
spective dilution factor. The number 26900 is the
molar extinction coefficient for cyanidin-3-glucoside

at 530 nm, and 100 is the conversion factor of mg in
100 g of sample.

AAX449.2xFDx100
26900

All the determinations of chemical parameters (quan-
tity of phenols, flavonoids and anthocyanins) were
carried out in triplicate, as well as the measurements
in the control samples and the absorbances for all cas-
es. Measurements were taken using a UV-VIS Gene-
sys & spectrophotometer (Klab innovative solutions,
Seoul, Korea).

RESULTS AND DISCUSSION

Content of total phenols

In all cases, the use of UV-B radiation as a post-har-
vest treatment caused an increase in the total content
of phenols with respect to the control samples (Tab.
1). The highest value of total phenols was observed in
the plant material from cut plants (75 DAT) subject-
ed to radiation dose 1 (0.05 Wh m?), with an adapta-
tion time of 48 h and plant fresh extraction. It had an
increase close to 37.84% as compared to the control
plants. In contrast, the lowest change with respect
to the control value (3.27%) was obtained in mate-
rial from the plants in phenological state 92 DAT and
subjected to radiation dose 2 (0.075 Wh m?), left in
adaptation time for 24 h and extracted from the dried
material. The best treatments were those with the
highest AFT: percentage change of treatment as com-
pared to the control.
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Table 1.  Content of total phenols in samples of Thymus vulgaris L.

24 Fresh 17.85+059 14.66+0.45 21.76

1 48 Fresh 17.55+0.23 1457+0.20 20.45

) 24 Fresh 19.46+0.26 15.7272+1.74 23.73

75 DAT 48 Fresh 19.48 = 0.32 17.44+0.76 11.70
cut point : 24 Dry 12.07+0.42 11.27+0.07 7.10
48 Dry 15.81+0.50 11.47+2.06 37.84

) 24 Dry 14.03+0.95 11.31+0.45 24.05

48 Dry 13.62+1.48 11.41+1.77 19.37

: 24 Fresh 16.25+0.21 14.61+051 11.23

48 Fresh 17.04+0.56 13.85+2.05 23.03

) 24 Fresh 19.57+0.09 14.42+0.17 35.71

92 DAT 48 Fresh 19.38+0.20 14,48+1.92 33.84
full bloom : 24 Dry 11.23+0.91 10.190.32 10.21
48 Dry 12.16+1.03 10.61+0.65 14.61

) 24 Dry 11.38+1.61 11.02+ 0.86 3.27

48 Dry 12.38+0.61 10.82+0.55 14.42

DAT: days after transplantation. UV-B radiation, dose 1=0.05 Wh mZand dose 2=0.075 Wh m~?. %AGeM: percentage of gallic acid in the sample. AFT: percentage

change of treatment regarding control.

At the statistical level, there were no significant dif-
ferences; however, the drying process had a direct
negative effect on the amount of phenols present in
the alcohol extracts subsequently obtained. This may
have been due to the thermolabile characteristic of
the phenolic compounds.

The results were similar to those reported in the lit-
erature for various genres. The increase in the con-
centration of this class of compounds, especially
thymol and carvacrol, have been reported by Inostro-
za-Blancheteau ez al. (2014).

Total flavonoids

In the case of total flavonoid content, the material
from the plants with 92 DAT, subjected to radiation
dose 2, left for 48 h at adaptation time and extracted
from the fresh material, showed an increase of 80%
with respect to the control plant and was the best
among all combinations of treatments. In contrast,
results with a lower increase were obtained in plants
at the cut-off point (75 DAT), with a low radiation
dose (0.05 Wh m?) and at both adaptation times (24
and 48 h), with increases of 10.96 and 14.08%, respec-
tively (Tab. 2). The best treatments are those with
the highest AFLT: percentage change of treatment as
compared to the control.
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The impact on the production of flavonoids in plant
tissues subjected to ultraviolet radiation has been
studied through the effect that this kind of radiation
has on various metabolic pathways of plants. Ultra-
violet radiation has been found to stimulate specific
enzymes such as phenylalanine ammonia lyase (PAL),
chalcone synthase (CHS) and chalcone isomerase
(CHI). The stimulation of the previous enzymes has
a direct effect on the production of secondary metab-
olites, especially flavonoids. Jenkins (2014) reported
that the effect has been observed to be greater if the
plant material is subjected to moderate doses of UV
radiation, especially in the B range.

Content of total anthocyanins

The number of total anthocyanins quantified in the
study was stimulated with the application of the
treatments. The material from plants in phenological
stage of 92 DAT, submitted to the highest radiation
dose used in the study (0.075 Wh m™?) and left in both
adaptation times (48 and 24 h), showed a greater in-
crease in the amount of anthocyanins. This plant
material had increases of 77.39% and 61.33% with
respect to the value obtained with the control plant
material, as shown in table 3. The best treatments
had the highest AA: percentage change of treatment
as compared to the control.
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Table 2. Total flavonoid content of thyme samples.

Sampling points ~ UV-B dose Adapta(tr:())n I Plant matrix mg QRT/g Control

: 24 Fresh 0.081+0.001 0.073+0.003 10.96
48 Fresh 0.081+0.001 0.071+0.003 14.08
) 24 Fresh 0.104+0.001 0.075+0.001 38.67

75 DAT 48 Fresh 0.114=0.002 0.0750.001 52
cut point : 24 Dry 0.047+0.003 0.036+0.002 30.56
48 Dry 0.045+0.001 0.0350.001 2857
) 24 Dry 0.057+0.001 0.039+0.001 46.15
48 Dry 0.056+0.002 0.039+0.001 4359
, 24 Fresh 0.075+0.002 0.061-+0.001 22.95
48 Fresh 0.075+0.003 0.062-:0.001 20.97
) 24 Fresh 0.092+0.001 0.057=£0.001 61.4
92 DAT 48 Fresh 0.099+0.002 0.055+0.002 80.00
full bloom : 24 Dry 0.040+0.002 0.028=0.001 42.86
48 Dry 0.040+0.001 0.028=0.001 42.85
) 24 Dry 0.050+0.002 0.035+0.002 42.86
48 Dry 0.050+0.002 0.035+0.001 4285

DAT: days after transplantation. UV-B radiation, dose 1=0.05 Wh m? and dose 2=0.075 Wh m2. mg QRT/g: mg of quercetin per g of sample. AFLT: percentage
change of treatment regarding control.

Table 3. Anthocyanin content of thyme samples

Sampling points ~ UV-B dose Adapta(tr:())n Hie Plant Matrix Control
1 24 Fresh 1427 +1.32 12.16 = 1.53 17.35
48 Fresh 14.42 + 0.91 12.18 + 0.85 18.39
) 24 Fresh 17.65 + 0.34 12.80 + 0.88 37.89
75 DAT 48 Fresh 18.43 + 0.14 12.89 + 0.36 42.98
cut point 1 24 Dry 0.15 = 0.10 0.09 =+ 0.00 NA
48 Dry 0.27 = 0.09 0.16 = 0.10 NA
) 24 Dry 0.18 + 0.00 0.00 = 0.05 NA
48 Dry 0.00 = 0.00 0.09 = 0.09 NA
1 24 Fresh 17.11 = 1.37 13.10 = 0.24 30.61
48 Fresh 17.44 + 1.14 13.22 + 0.77 31.92
) 24 Fresh 2833 = 1.17 17.56 = 0.19 61.33
92 DAT 48 Fresh 30.99 = 1.35 17.47 = 0.61 77.39
full bloom 1 24 Dry 0.18 = 0.09 0.15 = 0.05 NA
48 Dry 0.09 = 0.15 0.06 + 0.10 NA
) 24 Dry 0.09 = 0.09 0.07 = 0.05 NA
48 Dry 0.06 = 0.05 0.00 = 0.00 NA

DAT: days after transplantation. UV-B radiation, dose 1=0.05 Wh m? and dose 2=0.075 Wh m2. mgC3G: mg of cyanidin-3-glucoside. AA: percentage change of

treatment regarding control. NA: It does not apply because of degradation in the drying process.
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These results can be explained by the metabolic path-
ways elucidated for plants (Tholl, 2015) and confirm
that the synthetic routes of acetate-malonate and shi-
kimic acid are stimulated with the use of UV-B radia-
tion as a post-harvest treatment. This occurs because
routes are responsible for the specific production of
phenols. As shown in table 3, the concentration of
anthocyanins was higher in the extracts obtained
from the fresh irradiated material because of the low
thermal stability exhibited by anthocyanins, which
are degraded in the drying process.

In a study by Cechin et al. (2012), passion fruit plants
were subjected to high doses of UV-B radiation (about
8 W m?), and the amount of anthocyanins present
was measured. Their results showed an increase with
respect to their control values and coincided with the
results obtained with Thymus vulgaris L. This dem-
onstrates that the generation of this class of com-
pound constitutes a natural defense method against
a change in radiation perceived by the plant material.

In a recent study conducted by Huyskens-Keil et al.
(2020), post-harvest white asparagus with different
sources of light and UV-C radiation showed that
the application of UV-C radiation stimulates the
enzymatic action of phenylalanine ammonia-lyase
[PAL, EC 4.3.1.5] and guaiacol peroxidase [POD, EC
1.11.1.7]. This is reflected in a decrease in the con-
centration of anthocyanins in plant tissues. The au-
thors stated that the use of different sources of light
radiation affects the post-harvest metabolism of this
product differently, even stimulating the production
of anthocyanins.

The relationship between anthocyanin synthesis
and UV-B radiation was recently studied by Hu et al.
(2020) in research on the expression of the transcrip-
tion factor MdAWRKY72 in apples, which is one of
the factors attributed to the regulation of anthocy-
anin biosynthesis. The present study sought to elu-
cidate some of the mechanisms of gene transcription
that was stimulated by UV-B radiation applications,
which decisively influenced the production of antho-
cyanins. This provides tools for the total elucidation
of the underlying synthesis of anthocyanins induced
by UV-B mediated by MdWRKY72.

CONCLUSIONS

The moderate doses of ultraviolet B radiation were
an excellent promoter of phenolic compounds, flavo-
noids and anthocyanins in the thyme plants. These
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components increased their production thanks to the
physical, external abiotic capacity of the ultraviolet B
radiation. When mediated by adaptation times and
phenological timing of applications, this radiation
can obtain substances with nutraceutical and phar-
macological uses, providing a potential technique for
the non-invasive improvement of plants.
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