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Use of greenhouse-covering films with tailored
UV-B transmission dose for growing
‘medicines’ through plants: rocket salad case
Pasquale Mormile,a Massimo Rippa,a* Giulia Grazianib

and Alberto Ritienib

Abstract

BACKGROUND: The effects of ultraviolet B (UV-B) radiation on plants are well known and have recently attracted a great deal of
attention due to the production of large quantities of secondary metabolites, which are very beneficial for human health. Recent
studies have demonstrated the possibility of exploiting UV-B radiation to induce metabolic changes in fruit, vegetables, and
herbs. The role of UV-B rays in inducing secondary plant metabolites is enhanced by new plastic films, which, as a result of their
optical properties, permit the necessary dosage of UV-B to be transmitted into the greenhouse to stimulate such metabolites
without altering the harvest.

RESULTS: The main goal of the present paper is to demonstrate that, by using a greenhouse plastic film with appropriate
transmittance of UV-B for rocket salad cultivation, it is possible to increase the nutraceutical elements in comparison with the
same species grown in absence of such radiation. Tests compared nutritional elements extracted from rocket salad grown under
greenhouses covered with several plastic films differing in UV-B transmittance. We found that rocket salad grown under plastic
with 27% UV-B transmittance exhibited very high luteolin and quercetin content in comparison with rocket salad cultivated
under film blocking UV-B radiation.

CONCLUSIONS: Our experimental results confirm the possibility of exploiting UV-B radiation in the correct amounts by
appropriate greenhouse plastic covers, to produce natural ‘medicines’ using the plants and to satisfy increasing consumer
demand for natural health-promoting food products.
© 2019 Society of Chemical Industry
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INTRODUCTION
The effects of B-type ultraviolet radiation (UV-B) on plants is well
known and is still a subject of investigation and interest, especially
with regard to its implications for agricultural production.1–4 When
a plant is attacked by animal or vegetable pathogens it produces
secondary metabolites as a defense mechanism, reducing the pro-
duction of primary metabolites. Similarly, UV-B radiation stimu-
lates the production of secondary metabolites. These are highly
beneficial substances for human health: anthocyanins, lycopene,
carotenoids, and polyphenols – all antioxidant elements useful
against cardio-vascular diseases and certain cancers.5–7 This raises
the possibility of exploiting UV-B to induce metabolic changes in
fruit, vegetables, and herbs to satisfy increasing consumer demand
for healthy food products.8–10

From the theoretical point of view, photochemistry, biochem-
istry, and biophysics studied causes and effects of UV-B radia-
tion / plant interaction. Further studies are needed, however, to
explain the influence of this radiation on DNA and the dynam-
ics of UV-B accumulation response.1 The last issue is related to
the dosage of radiation necessary to optimize the biosynthesis of
beneficial substances (secondary metabolites) without affecting
the cultural cycle with regard to the times, quality, and quantity

of harvesting. Evidence of different tests on salad cultivation sug-
gests that an excessive dose of UV-B radiation (> 2.2 W m−2) would
increase secondary metabolites in plants but, as a consequence,
would reduce the harvest by up to 30% and lengthen crop time
from 7 to 10 days. Delays and crop reduction in intensive agri-
culture should be avoided. Nevertheless, there is extensive evi-
dence in various studies1,2 demonstrating how the correct dose
of UV-B (0.5–10 KJ m−2 d−1), which depends on a range of factors,
such as the morphological structure of the plants’ organs, can be
exploited to alter positively the metabolite profile of a plant with-
out affecting its production. On the other hand, an excessive level
of UV-B (> 40 KJ m−2 d−1) radiation can damage fruit, vegetables,
and herbs.1–6 It is theoretically possible to affect the concentration
of phenolic substances in plants grown in greenhouses covered
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in plastic films with special optical properties.11–13 This could offer
the opportunity of producing plants commercially with increased
benefits for human health. The majority of plastic films for green-
house covering block UV radiation completely (both A and B parts).
This characteristic is due mainly to the stabilizers used in the differ-
ent formulations employed to protect the polymeric matrix from
the attack of UV radiation, which, through the photo-oxidation
process, induces early degradation. In other words, the stabilizer
extends the duration of plastic film covers but inhibits the trans-
mission of UV radiation inside the greenhouse. In this paper, we
demonstrate that, using a greenhouse plastic film with an appro-
priate UV-B radiation transmittance for rocket salad cultivation, it
is possible to increase its nutraceutical elements, in comparison
with the same salad grown in the absence of such radiation. We
considered different plastic films currently on the market and ana-
lyzed their transmission spectrum via an ultraviolet–visible and
near-infrared (UV-VIS–NIR) spectrophotometer. We focused our
attention on a selected film possessing a ‘window’ able to trans-
mit about 27% of UV-B radiation. A simple test was carried out
involving two greenhouses covered with plastic films with differ-
ent optical properties: one with a UV-B window and another, used
as a reference, completely opaque to UV radiation.

At harvest time we prepared two samples of rocket salad for
laboratory analysis, gathered from their respective greenhouses,
extracted the nutraceutical substances present in each of them,
and compared the quantities measured. The optical characteriza-
tion performed on different plastic films selected for the tests was
reported as well as the experimental results on the extraction of
polyphenols from the rocket salad samples. We concluded with
an assessment of the possibility of using plastic films with specific
optical properties enabling the enhancement of nutraceutical ele-
ments in crops for greenhouse coverage.

MATERIALS AND METHODS
Plastic films
We analyzed different films on the market to investigate their opti-
cal properties, including one, chosen as reference, with no UV-B
transmittance (T = 0%) in comparison with those having a UV-B
transmittance (T) window (T up to 60%). A preliminary simple
test was arranged using films with different UV-B transmittance:
T = 0%; T≈ 30%; T = 40% and T≈ 60%, in order to analyze agro-
nomical performances such as quantity of harvest and crop time.

Here, we report just on the two plastic films used for our investi-
gation of nutraceutical elements in rocket salad (T = 0% and 27%)
and we excluded films with a UV-B radiation transmittance greater
than 30% because of very bad agronomic performance (less qual-
ity and quantity of harvest plus crop delay). The plastic film with a
27% UV-B transmittance was supplied by Ginegar Plastic Product
Ltd (Ginegar kibbutz, Israel), a company producing agricultural
films. For both films the thickness was 150 μm. Transmission
measurements were realized using an UV-visible spectropho-
tometer (Jasco V-650, accuracy 0.5 nm, range 190–900 nm) with
an Integrating sphere (Jasco ISN-722, inside diameter 60 mm,
range 200–870 nm) thus allowing the estimation of the total
transmission.

Figure 1 shows the total transmission UV-visible spectrum of
the plastic film with the UV-B window. It is evident that from
270 to 330 nm (UV-B range: 280–320 nm) the analyzed film par-
tially transmits. In this range we calculated that the percentage
of UV-B transmitted is 26.7%. In Fig. 2, we present, in the same
range, the total transmission of a sample, representing a standard

Figure 1. UV–visible. Transmittivity as a function of wavelength of a
greenhouse film that partially transmit in the UV-B range 270–320 nm.

Figure 2. UV–visible. Transmittivity as a function of wavelength of a
standard, commercially available greenhouse film. The UV radiation is
totally opaque.

agricultural film on the market. As with the majority of common
films used for greenhouse covering, there is no transmission to
UV radiation. On the basis of preliminary agronomic tests, we
arranged a test considering two adjacent greenhouses covered
with the two different plastic films to analyze and compare the
agronomical performances obtained with and without UV-B
radiation.

Polyphenol extraction
Lyophilized samples (100 mg), three replicates for each sample
type, were extracted with 5.0 mL of methanol / water (60:40,
v/v) using ultrasound-assisted extraction at room temperature
for 30 min. After the extraction, the mixtures were centrifuged
at 4000 rpm for 15 min at room temperature, filtered through a
0.45 μm filter paper (Whatman International Ltd, Maidstone, UK),
and then 10 μL of the extract was used for high resolution mass
spectrometry (HRMS-Orbitrap) analysis.

Ultra high performance liquid chromatography (UHPLC)-Q-
Orbitrap HRMS analysis
Qualitative and quantitative profiles of polyphenols were obtained
using an Ultimate 3000 UHPLC system (Thermo Fisher Scientific,
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Waltham, MA, USA) configured with a Kinetex 1.7 μm biphenyl
(100× 2.1 mm) column (Phenomenex, Torrance, CA, USA) main-
tained at 25 ∘C. The injection volume was 2 μL. The mobile phase
consisted of water acidified with formic acid (0.1%), phase A, and
methanol acidified with formic acid 0.1%, phase B.

All metabolites were eluted using a 0.2 mL min−1 flow rate with
a gradient programmed as follows: 0 min – 5% of phase B, 1.3 min
– 30% of phase B, 9.3 min – 100% of phase B, 11.3 min – 100% of
phase B, 13.3 min – 5% of phase B, 20 min – 5% of phase B.

Mass spectrometry (MS) analysis was conducted using a Q
Exactive Orbitrap liquid chromatography tandem-mass spectrom-
etry (LC–MS/MS) controlled by Xcalibur 3.0.63 software (Thermo
Fisher Scientific). The chromatographic system was coupled to MS
with an heated electrospray ionization source (HESI II, Thermo Fis-
cher Scientific) operating in negative ion mode (ESI−). The HESI
parameters were: sheath gas flow rate 45 units, auxiliary gas-flow
rate 10 units, spray voltage −2800 V, capillary temperature 275 ∘C,
S-lens radio frequency (RF) level 50, auxiliary gas heater tem-
perature 305 ∘C. Analysis was arranged setting parallel reaction
monitoring (PRM) mode, with the following instrument parame-
ters: resolution at 35 000, microscans at 1, maximum ion time of
100 ms, automatic gain control (AGC) target at 5e5, isolation win-
dow at 1.0 m/z, multiplexing (MSX) count at 1. For precise iden-
tification, the polyphenolic compounds were added to an inclu-
sion list with expected retention times and collision energy (CE)
optimized for each compound. Calibration of the Q Exactive Orbi-
trap LC–MS/MS was checked daily, in both negative and positive
modes, using a reference standard mixture obtained from Thermo
Fisher Scientific and setting a mass tolerance window to 5 ppm.
Note that mass accuracy is expressed in parts per million (ppm)
being 106× [(exact mass – accurate mass)/exact mass]. Confirma-
tion of each analyte relied upon constancy of retention time and
exact mass. A narrow mass tolerance window (5 ppm) indicated
good selectivity of the method towards each compound.

Method validation
The linearity of the method was assessed at both low (limit of quan-
titation (LOQ) – 6 mg kg−1) and high (6–150 mg kg−1) concentra-
tion ranges, using seven concentration levels in each calibration
range. Limits of detection (LODs) and LOQs were used to evaluate
method sensitivity.

The calibration curves were observed to be linear with coeffi-
cients of determination (R2) greater than 0.990. Limits of detection
obtained were between 0.01 and 0.10 μg kg−1 while LOQs were
calculated from 1.0 to 10.0 μg kg−1 (Table 2). The mean recover-
ies of polyphenolic compounds at the spiking levels 0.5, 1 and
10 mg kg−1 are shown in Table 2. At each additional level, three
determinations were carried out and the recovery percentage was
calculated in every case. Each sample was analyzed three times.
Recoveries for studied polyphenols in rocket salad samples were
85%–95%, 86%–97%, and 88%–97% for the lowest, medium,
and highest concentration, respectively. As far as the precision
studies are concerned, the results showed relative standard devi-
ations repeatability values (RSDr) below 7% and relative standard
deviations reproducibility values (RSDR) lower than 9%. These
results indicated that the proposed procedure is selective, spe-
cific, accurate, and precise in quantifying the selected compounds
in rocket-salad samples.

Agronomic practice
Trials were arranged at Pontinatura Farm, located in the South
Lazio region of Italy, 41∘ 25′ 44.2′′ N, 13∘ 09′ 50.7′′ E. The rocket

salad (Eruca vesicaria) was grown on a sandy soil under two green-
houses (9.60 m× 120 m), covered with the two different films,
in the same growing conditions (same seed variety, sowing date,
fertilization and irrigation system, climatic conditions, and venti-
lation). The water for irrigation had a pH of 7.8± 0.7 and electric
conductivity at 20 ∘C of 467 μS cm−1 ± 0.7. The adopted agronomic
practice was the traditional one, based on the machine system
from sowing to harvesting. The rocket salad was sown at begin-
ning of April. The harvesting time was 4 weeks. The cultivation was
monitored week by week to verify eventual differences between
the rocket salad grown in the two greenhouses. No difference
was noticed as regards the cultivation time and the harvesting
quantity, both cases measuring an average of 730 g sq m−1. After
4 weeks from sowing, two samples were prepared for the lab anal-
ysis (extraction of nutraceutical elements), according to a prede-
fined protocol. Each sample weighted 1 kg and consisted of ten
bunches (mixed leaves cut at the base of the rocket salad plants)
of 100 g, collected in ten different points of the 1152 m2 of each
greenhouse. These points were randomly chosen, attempting to
avoid border effects by selecting just the central part of the green-
house. Border effects were minimized because the greenhouses
were shut sideways with the same plastic films employed for cov-
ering the roofs.

Statistical analysis
The data were processed using analysis of variance (ANOVA) to
determine the significant differences between means using a
Minitab statistical package (v.13, Minitab Inc., State College, USA).
Duncan’s test, at a significance level of P = 0.01 or P = 0.05, was
conducted for the separation of means by using MSTAT-C statisti-
cal software (MSTAT 1991, Plant and Soil Sciences, Michigan State
University, East Lansing, USA).

RESULTS AND DISCUSSION
Data for retention times, accurate mass (experimentally measured
ion mass), and mass accuracy for polyphenolic compounds are
shown in Table 1. The selectivity and specificity of the method
were confirmed by reliability of peaks. The study confirmed the
stable retention times of the analytes in the samples, which were
comparable to the retention times of standards with ±0.1 min of
variation (Table 2).

The extraction method and the determination by UHPLC
coupled with HRMS-Orbitrap used here clearly detected 12
phenolic compounds (six phenolic acids and six flavonols);
in particular the phenolic compounds quantified in rocket
salad were chlorogenic acid, caffeic acid hexoside isomers,
caffeic acid, quercetin-3-O-(feruloyl) sophoroside 7-O-glucoside,
isorhamnetin-3-gentiobioside, luteolin-7-O-glucoside, feruloyl
quinic acid isomer, quercetin-3-O-galattoside, rosmarinic acid,
ferulic acid, quercetin-3-O-glucoside and apigenin-3-O-glucoside.

Considering the treatment and the control, chlorogenic acid
was the most abundant compound among the phenolic acids,
accounting on average for 88.5% of total phenolic acid content
(Table 3). As reported in other studies,14,15 levels of chlorogenic
acid are very important for human health due to its strong antin-
flammatory and antioxidant actions, and to its anticancer and
antidiabetic properties. Among flavonols, the levels of quercetin,
quercetin derivatives, and especially luteolin-7-O-glucoside,
strong anti-tumoral agents,16,17 were comparable to those found
by other authors in different varieties of conventionally cultivated
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Table 1. UHPLC-HRMS parameters for the determination of polyphenolic compounds

Compounds
Theoretical
mass (m/z)

Measured
mass (m/z) CE RT (min) Adduction Production Accuracy (ppm)

Chlorogenic acid 35 308 881 353.08983 20 8.29 [M-H]− 19 105 598 2.889
Caffeic acid hexoside isomers 341.08881 341.08981 25 7.79 [M-H]− 178.03056 3.489
Caffeic acid 179.03498 179.03485 20 8.67 [M-H]− 135.04433 −0.726
Quercetin-3-O-(feruloyl)sophoroside

7-O-glucoside 963.24119 963.24274 35 10.10 [M-H]− 30 103 465 1.609
Isorhamnetin-3-gentiobioside 639.15667 639.15692 35 10.05 [M-H]− 315.05102 0.391
Luteolin-7-O-glucoside 447.09329 447.08464 35 10.57 [M-H]− 31 505 080 −15.276
Feruloyl quinic acid 367.10346 367.10364 20 11.92 [M-H]− 15 100 358 0.4900
Quercetin 3-O-galactoside 463.08820 463.08853 35 7.67 [M-H]− 28 907 176 0.7126
Rosmarinic acid 359.07724 359.07018 30 9.96 [M-H]− 30 103 514 −19.662
Ferulic acid 193.05063 193.05060 20 10.05 [M-H]− 178.02721 −0.155
Quercetin-3-O-glucoside 463.08820 463.08853 35 10.06 [M-H]− 301.03513 0.7130
Apigenin-7-O-glucoside 431.09837 431.09845 35 10.58 [M-H]− 269.04581 0.186

Table 2. Performance characteristics of the developed method

Recovery (%) Precision (%) (RSDr (RSDR))

Compounds
LOD

(μg kg−1)
LOQ

(μg kg−1) 0.5 mg kg−1 1 mg kg−1 10 mg kg−1 0.5 mg kg−1 1 mg kg−1 10 mg kg−1

Chlorogenic acid 0.01 1.0 85 86 88 6 (8) 3 (6) 5 (8)
Caffeic acid hexoside isomers 0.05 1.5 90 97 93 7 (7) 5 (7) 4 (6)
Caffeic acid 0.02 5.0 92 97 97 6 (9) 6 (8) 3 (7)
Quercetin-3-O-(feruloyl)sophoroside

7-O-glucoside 0.05 5.0 87 88 89 5 (7) 4 (7) 4 (8)
Isorhamnetin-3-gentiobioside 0.05 2.5 89 88 88 4 (7) 5 (7) 6 (7)
Luteolin-7-O-glucoside 0.10 5 95 90 97 6 (8) 3 (8) 5 (6)
Feruloyl quinic acid 0.10 10 90 95 96 5 (7) 6 (6) 3 (7)
Quercetin 3-O-galactoside 0.05 5 91 95 96 5 (8) 4 (6) 3 (5)
Rosmarinic acid 0.10 10 90 97 97 3 (9) 5 (9) 7 (8)
Ferulic acid 0.10 10 91 89 93 6 (6) 7 (9) 4 (7)
Quercetin-3-O-glucoside 0.02 5 89 89 89 4 (8) 3 (7) 6 (8)
Apigenin-7-O-glucoside 0.02 5 95 88 90 5 (7) 6 (8) 5 (8)

rocket salad18 (Table 3). The concentration of total polyphenols
(Table 3) increases significantly after UV-B treatments varying
from 1.993 to 4.961 g kg−1. The concentrations of phenolic acids
and total phenolic contents reported here are in line with data
from studies, although the comparison is often hard because of
the great influence of agronomic factors such as varieties and har-
vest time. The concentration ranges (0.000122–4.653 g kg−1 DW)
found in the rocket salad analyzed are within the expected val-
ues for this type of vegetable.16,17 Isorhamnetin-3-gentiobioside
was found in greater concentrations in both types of samples
analyzed. In the case of luteolin-7-O-glucoside levels, the val-
ues (0.0301–0.984 g kg−1 DW) are greater than those found in
other varieties of rocket salad studied, especially after UV-B
radiation.18,19

Table 3 shows the various compounds extracted in the sam-
ples of rocket salad grown under the two different plastic films.
Sample A was cultivated in the absence of UV-B radiation; sam-
ple B had been grown in presence of the film with a transmit-
tance of about 27% to UV-B, during its vegetal cycle. It is very
important to notice the huge increase in luteolin passes from
0.0301 to 0.984 g kg−1. Quercetin galactoside and quercetin gluco-
side increase by more than 100%, whereas quercetin-3-O-(feruloyl)

sophoroside 7-O-glucoside increases by just 47%. The phenolic
content differs substantially among the two types of samples
analyzed, as a consequence of the effect of UV-B radiation on phe-
nolic metabolism.

The results presented here are also in broad agreement with
studies conducted on red lettuce20 suggesting that the pheno-
lics are accumulated as a protection against UV damage. In fact,
plant tissue defense against stress is a coordinated action of differ-
ent enzymatic and non-enzymatic antioxidant mechanisms. Enzy-
matic protection includes, e.g., peroxidases (POD), glutathione
reductase (GR), and phenoloxidases (PPO); non-enzymatic antiox-
idant mechanisms include, e.g., the synthesis of phenolic com-
pounds (especially flavonoids), carotenoids, and ascorbic acid.21

To appreciate fully the contribution of UV-B radiation in the
production of nutraceutical food, through the stimulation of sec-
ondary metabolites in plants (rocket salad in our case), it is nec-
essary to consider the role and the importance of luteolin and
quercetin to human health.22–25

Luteolin is an important flavone, which is found in several plant
products. Its health benefits range from possibly preventing can-
cer to protecting the brain. Luteolin is an oxygen scavenger. It was
found to inhibit reactive oxygen species, which induce damage to
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Table 3. Compounds extracted from the two samples of rocket salad

Compounds (μg g−1) Sample A Sample B

Chlorogenic acid 0.0128a 0.0107b

Caffeic acid hexoside isomers 0.0001a 0.0001a

Caffeic acid 0.0004a 0.0004a

Quercetin-3-O-(feruloyl) sophoroside 0.2300a 0.3386b

7-O-glucoside
Isorhamnetin-3-gentiobioside

1.6934a 0.3593b

Luteolin-7-O-glucoside 0.0301a 0.9839b

Feruloyl quinic acid isomer 1 0.0003a 0.0003a

Quercetin 3-O-galactoside 0.0022a 4.653b

Rosmarinic acid 0.0008a 0.0008a

Ferulic acid 0.0002a 0.0001b

Quercetin_3-O-glucoside 0.0022a 0.0046b

Apigenin-7-O-glucoside 0.02079a 0.02350b

Total 1.9934a 4.9612b

Different letters (a and b) indicates statistically significant difference
(P < 0.05). Values indicated with b in the table are average values of
three replicates.

lipids, DNA, and protein. In the brain, neuronal cells undergo cell
death and this can cause symptoms of depression. Luteolin signif-
icantly suppresses cell death by relieving endoplasmic reticulum
stress. Many reports have indicated that luteolin has preventive
and therapeutic value for neurodegenerative diseases, including
Alzheimer’s disease.22–25

Quercetin is one of the most important bioflavonoids,
present in more than 20 plant materials, and is known for its
anti-inflammatory, antihypertensive, vasodilator effects, and its
antiobesity, antihypercholesterolemic, and anti-atherosclerotic
properties, its importance in the prevention of cardiovascular
disease and neurodegenerative disorders, its antibacterial and
antiviral activity, and for its action against allergies, asthma, hay
fever, and hives.

According to a very recent study, flavonoids, luteolin, and
quercetin can inhibit the growth and metastasis of cancer cells.22

They are on the market as medicines in the form of tablets taken
daily. The results reported in the current paper suggest that if a
person eats 50 g of rocket salad daily, cultivated under a green-
house covered with an appropriate plastic film, this would be the
equivalent of a 50 mg tablet of luteolin and half of a 500 mg tablet
of quercetin. This demonstrates that it is possible to substitute
artificial medicines in our diet with natural and healthier food
containing high nutritional properties. A further consideration,
based on recent studies,26 suggests that the beneficial substances
consumed in natural food are totally absorbed by the human
body, whereas a percentage of the content of pills or tablets is lost
because the human body has difficulty digesting them.

CONCLUSION
This paper demonstrated the possibility of managing UV-B radi-
ation through functional plastic films to increase the nutritional
properties of rocket salad. The goals of the trials were to analyze
agronomic performance in a greenhouse covered with a func-
tional plastic film and to indicate that agriculture has to meet new,
more advanced and demanding market requirements.

The experimental results confirmed that a plastic film that trans-
mitted 25% to 30% of UV-B radiation provided the highest levels

of nutraceutical elements, with other factors held constant. In
particular, the strongly enhanced luteolin and quercetin values
demonstrate that rocket salad, grown in the agronomic condi-
tions described, is a ‘medicine to eat’ as an alternative to tablets.
In conclusion, agriculture has to accept this challenge by grow-
ing fruit, vegetables, and herbs with natural medicinal properties,
which will find new markets as a result of the general demand for
healthy food.

ACKNOWLEDGEMENTS
The authors thank ‘Pontinatura’ farm, situated in the Terracina area,
South Lazio, Italy, for arranging tests and Mr Aniello Gentile for his
invaluable technical support.

REFERENCES
1 Schreiner M, Mewis I, Huyskens-Keil S, Jansen MAK, Zrenner R, Win-

kler JB et al., UV-B induced secondary plant metabolites – potential
benefits for plant and human health. Crit Rev Plant Sci 31:229–240
(2012).

2 Kakani VG, Reddy KR, Zhao D and Sailaja K, Field crop responses to
ultraviolet-B radiation: a review. Agric For Meteorol 120:191–218
(2003).

3 Jenkins GI, Signal transduction in responses to UV-B radiation. Annu Rev
Plant Biol 60:407–431 (2009).

4 Singh VP, Singh S, Prasad SM and Parihar P eds, UV-B Radiation: From
Environmental Stressor to Regulator of Plant Growth. Wiley Blackwell,
Hoboken (New Jersey), USA (2017).

5 Tsormpatsidis E, Henbest RGC, Davis FJ, Battey NH and Hadley P, UV irra-
diance as a major influence on growth, development and secondary
products of commercial importance in Lollo Rosso lettuce ‘revolu-
tion’ grown under polyethylene films. Environ Exp Bot 63:232–239
(2008).

6 Schirrmacher G, Schnitzler WH and Grassmann J, Determination of
secondary metabolites and antioxidative capacity as new parame-
ters for quality evaluation–indicated by the new Asia salad Gynura
bicolour. J Appl Bot 78:133–134 (2004).

7 Zhang WJ and Bjorn LO, The effect of ultraviolet radiation on the accu-
mulation of medicinal compounds in plants. Fitoterapia 80:207–218
(2009).

8 Rao V and Rao LG, Carotenoids and human health. Pharmacol Res
55:207–216 (2007).

9 Jansen MAK, Hectors K, O’Brien NM, Guisez Y and Potters G, Plant
stress and human health: do human consumer benefit from UV-B
acclimated crops. Plant Sci 175:449–458 (2008).

10 Fraga CG, Galleano M, Verstraeten SV and Oteiza PI, Basic biochemical
mechanisms behind the health benefits of polyphenols. Mol Aspects
Med 31:435–445 (2010).

11 Kittas C, Tchanitchian M, Karaiskou P and Papaioannu C, Effect of two
UV-absorbing greenhouse-covering films on growth and yield of an
eggplant soilless crop. Sci Hortic 110:30–37 (2006).

12 Krizek DT, Clark HD and Mirecki RM, Spectral properties of selected
UV-blocking and UV-trasmitting covering materials with application
for production of high-value crops in high tunnels. Photochem
Photobiol 81:1047–1051 (2005).

13 Garcia-Macias P et al., Changes in the flavonoid and phenolic acid
contents and antioxidant activity of red leaf lettuce (Lollo Rosso) due
to cultivation under plastic films varying in ultraviolet transparency.
J Agric Food Chem 55:10168–10172 (2007).

14 Tajik N, Tajik M, Mack I and Enck P, The potential effects of chlorogenic
acid, the main phenolic components in coffee, on health: a compre-
hensive review of the literature. Eur J Nutr 56:2215–2244 (2017).

15 Ward NC, Hodgson JM, Woodman RJ, Zimmermann D, Poquet L,
Leveques A et al., Acute effects of chlorogenic acids on endothelial
function and blood pressure in healthy men and women. Food Funct
7:2197–2203 (2016).

16 Altunkaya A and Gökmen V, Effect of various anti-browning agents on
phenolic compounds profile of fresh lettuce (L. sativa). Food Chem
117:122–126 (2009).

17 Llorach R, Martınez-Sanchez A, Tomas-Barberan FA, Gil MI and Fer-
reres F, Characterisation of polyphenols and antioxidant properties

J Sci Food Agric (2019) © 2019 Society of Chemical Industry wileyonlinelibrary.com/jsfa



www.soci.org P Mormile et al.

of five lettuce varieties and escarole. Food Chem 108:1028–1038
(2008).

18 Bella L, Oruna-Concha MJ and Wagstaff C, Identification and quantifica-
tion of glucosinolate and flavonol compounds in rocket salad (Eruca
sativa, Eruca vesicaria and Diplotaxis tenuifolia) by LC–MS: highlight-
ing the potential for improving nutritional value of rocket crops.
Food Chem 172:852–861 (2015).

19 Pasini F, Verardo V, Carboni MF and D’Antuono LF, Determination
of glucosinolates and phenolic compounds in rocket salad by
HPLC-DAD-MS: evaluation of Eruca sativa mill. And Diplotaxis tenuifo-
lia L. genetic resources. Food Chem 133:1025–1033 (2012).

20 Ordidgea M, García-Macías P, Battey NH, Gordon NH, Hadley P, John P
et al., Phenolic contents of lettuce, strawberry, raspberry, and blue-
berry crops cultivated under plastic films varying in ultraviolet trans-
parency. Food Chem 119:1224–1227 (2010).

21 Mandal S, Yadav S, Yadav S and NEMA RK, Antioxidants: a review. J Chem
Pharm Res 1:102–104 (2009).

22 Chen KC, Hsu WH, Ho JY, Lin CW, Chu CY, Kandaswami CC et al.,
Flavonoids luteolin and quercetin inhibit RPS19 and contributes to
metastasis of cancer cells through c-Myc reduction. J Food Drug Anal
26:1180–1191 (2018).

23 Anand David AV, Arulmoli R and Parasuraman S, Overviews of biologi-
cal importance of Quercetin: a bioactive flavonoid. Pharmacogn Rev
10:84–89 (2016).

24 Nabavi SF, Braidy N, Gortzi O, Sobarzo-Sanchez E, Daglia M,
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