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a  b  s  t  r  a  c  t

The  present  paper  aims  to  investigate  phenolic  profiles,  antioxidant  capacity  and  mineral  composition
of  lettuce  (Lactuca  sativa  L., var.  ‘Maravilla  de  Verano’)  grown  under  conventional  (CON)  and  an  organic
(ORG)  systems  with  four  different  fertilization  treatments.  The  polyphenolic  profiles  of  leaf  extracts  were
determined  by  ultra-high-performance  liquid  chromatography  (UHPLC),  the  levels  of  mineral  elements
by means  of inductively  coupled  plasma  mass  spectrometry,  whereas  total phenolic  content  and  antiox-
idant  capacity  were  determined  spectrophotometrically.  Yield,  soil and meteorological  parameters  were
measured.  In  all  the  fertilization  treatments,  total  phenolic  acids  and  flavonols  in  CON were  significantly
higher  compared  to  ORG.  A  trend  parallel  to that of  single  phenols  was  observed  for  total  phenolic  con-
tent  and  total  antioxidant  capacity.  Plant  mineral  distribution  revealed  significant  changes  between  CON
and ORG  systems  in  some  plant  macronutrients  (N,  Mg,  S,  Na, Fe)  and  micronutrients  (Se,  Mn,  Mo).  The
henolic acids differences  among  fertilization  treatments  for all the  parameters  considered  were  also  discussed.  From
the overall  analysis  of the  results,  the higher  content  of  phenolics  observed  in  CON  system  could  be  asso-
ciated  to the  presence  of  more  stressful  conditions,  in terms  of plant  and/or  soil  mineral  deficits.  On  the
other  hand,  the  adoption  of  an  organic  management  determined  higher  yields  and  a  better  plant  mineral
balance.

©  2016  Elsevier  B.V.  All  rights  reserved.
. Introduction

Green lettuce (Lactuca sativa L.) is primarily consumed as
hole heads or fresh-cut product (Romani et al., 2002). As let-

uce worldwide consumption has steadily increased in the last

ecades (Heimler et al., 2012), a series of studies have been recently
onducted for studying its nutraceutical and health-promoting

Abbreviations: CON, conventional soil management; DPPH• , 2,2-diphenyl-1-
icrylhydrazyl radical; ORG, organic soil management; DW,  dry weight; FRAP,
erric reducing ability of plasma; FW,  fresh weight; GAE, gallic acid equivalents;
AR, photosynthetically active radiation; TE, Trolox equivalents; UHPLC, ultra-high-
erformance liquid chromatography.
∗ Corresponding author.

E-mail address: adriano.sofo@unibas.it (A. Sofo).

ttp://dx.doi.org/10.1016/j.scienta.2016.04.003
304-4238/© 2016 Elsevier B.V. All rights reserved.
compounds (Ribas-Agustí et al., 2011; Heimler et al., 2012; Abu-
Reidah et al., 2013; Durazzo et al., 2014; Pepe et al., 2015).

It was demonstrated that lettuce is particularly rich of some
classes of polyphenols, plant secondary metabolites with free
radical-scavenging properties that have evolved for facing abiotic
and biotic stresses experienced by the plants in the surrounding
environment (Romani et al., 2002; Oh et al., 2009a). Polyphenols
are also important in human diet, preventing cancer and car-
diovascular diseases (Manach et al., 2004; Hooper and Cassidy,
2006). The health-promoting properties of lettuce polyphenols
were recently tested by Pepe et al. (2015) and Adesso et al. (2016),
who demonstrated that lettuce leaf extracts are able to reduce
both the inflammatory and oxidative stress in murine monocyte

macrophage cells, by decreasing reactive oxygen species, nitric
oxide release, inducible nitric oxide synthase and cycloxygenase-2
expression, and promoting the nuclear translocation of the nuclear

dx.doi.org/10.1016/j.scienta.2016.04.003
http://www.sciencedirect.com/science/journal/03044238
http://www.elsevier.com/locate/scihorti
http://crossmark.crossref.org/dialog/?doi=10.1016/j.scienta.2016.04.003&domain=pdf
mailto:adriano.sofo@unibas.it
dx.doi.org/10.1016/j.scienta.2016.04.003
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Table  1
Compost and rock dust applied every year (2011–2013) for the different fertilization treatments.

Fertilization
treatment

Compost (t ha−1 yr−1) Rock dust (t ha−1

yr−1)
Calcium nitrate
(kg N ha−1 yr−1)

A No fertilization 0 0 0
B  Manure 12 0 0
C  Rock dust 0 28.8 0
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D  Manure + rock dust 12 

K  Mineral fertilization (control) 0 

actors Nrf2 and NF-�B. Considering that lettuce is a cheap and pop-
lar food widely consumed fresh worldwide and that the lack of
ooking preserve the degradation of the more thermolabile chem-
cal species and avoid the loss of water-soluble compounds, this
egetable is of key importance for the dietary supply of natural
ntioxidants (Pepe et al., 2015).

In lettuce, two classes of polyphenols are mainly present: phe-
olic acids and flavonols (Manach et al., 2004; Baslam et al., 2013;
ópez et al., 2014). Phenolic acids are rarely found in lettuce in
he free form, being mostly present as bound forms, mainly gly-
osylated derivatives or esters (e.g. chlorogenic acid, from the
ombination of caffeic and quinic acids) (DuPont et al., 2000;
ulabagal et al., 2010; Ribas-Agustí et al., 2011; Mai  and Glomb,

013). Flavonols are very frequent in lettuce, and their main
epresentatives are the glycosylated derivatives of quercetin and
aempferol (Romani et al., 2002; Hooper and Cassidy, 2006).

Greenhouse and soilless lettuce culture systems are today
ncreasingly widespread than open-air-grown lettuce (Romani
t al., 2002; Heimler et al., 2012; Durazzo et al., 2014). While this
arrants a higher yield and better climatic, phytopathogical, water

nd nutritional control, it not always ensures a good phytochemi-
al profile in the final product (Tomas-Barberan et al., 1997; Llorach
t al., 2008). Indeed, the adverse agronomic and environmental fac-
ors experienced by plants grown in open field, such as high or low
emperature, ultraviolet light, insect attack, pathogen infection and
ventual nutrient deficiency can increase the amounts of phenolics
nd/or change their profiles, even with a decrease of crop produc-
ivity (Tomas-Barberan et al., 1997; Llorach et al., 2004, 2008; Oh
t al., 2009b). For instance, flavonols are yellow pigments generally
onsidered to act as UV protectants and free radical scavengers,
o their biosynthesis is stimulated in the outer and aerial tissues
stem and leaf epidermis) under excess light (Sofo et al., 2012). In
ddition, the levels of phenolic acids in lettuce are sensitive to envi-
onmental conditions (Liu et al., 2007; Mai  and Glomb, 2013). For all
hese reasons, it is important to find a compromise between conve-
ient agronomic practices and food nutritional properties. On the
ther hand, to obtain top yields of high quality and preserve envi-
onmental sustainability, it is indispensable to adopt sustainable
gricultural techniques. Among open field agronomic techniques,
rganic farming offers more benefits than a conventional approach
n terms of sustainability, enhanced physico-chemical and micro-
iological soil fertility, and absence of synthetic fertilizers and
hemical pesticides (Heimler et al., 2012; Durazzo et al., 2014)

Other than phenolics, lettuce chemistry at the elemental level,
hat includes the content of all mineral nutrients and trace ele-

ents, is of key importance (Kelly and Bateman, 2010). Indeed, it
s known that some inorganic cations, naturally present at non-
oxic concentrations in lettuce, such as Fe, Cu and Zn, participate in
he radical-scavenging reactions for their role of cofactors in some
ntioxidant enzymes, Fe/S proteins and cytochromes. In the case of
, Na, Ca, Mg,  S and P, they are essential to the human organism
ogether with some micronutrients (e.g., Mn,  Se and Co) that act as
ofactors in human vitamins and enzymes.

In the last years, great importance has been devoted to the con-
umption of lettuce since it is a source of natural antioxidants
28.8 0
0 150

(Llorach et al., 2008; Kelly and Bateman, 2010; Heimler et al.,
2012; Abu-Reidah et al., 2013; Lee and Scagel, 2013). Based on this
accepted knowledge, the present paper aims at investigating phe-
nolic profiles, total phenol content, total antioxidant capacity and
mineral composition of lettuce grown under two  different farming
systems (conventional and organic) and under different fertiliza-
tion treatments in order to establish if these management practices
can modify its nutritional quality.

2. Materials and methods

2.1. Experimental site and plant material

The experiment was  conducted in 2011, 2012 and 2013 in two
open-field farms at Järna, in central Sweden, not distant each other
and have similar climatic conditions. The first farm (‘Gerstaberg’;
CON) was  managed conventionally for over 50 years, cultivated
with a rotation potato/rye in the last 12 years (fertilization using
35 kg N-NO3 ha−1 yr−1 and 20 kg N-NH4 ha−1 yr−1, crop residue
shredding, and ploughing twice a year at a soil depth of 30 cm). The
second one was  an organic farm (‘Nibble garden’; ORG) amended
with different types of animal manure and without any synthetic
fertilizers or chemical pesticides since its inception in 1966, and
cultivated with a rotation of with potato/clover/barley in the last 12
years (minimum tillage, crop residues shredded and incorporated
into the soil after a light harrowing at 10-cm soil depth).

The lettuce (L. sativa L.) variety used in this study was ‘Maravilla
de Verano’. Starting from 2011, both farms (CON and ORG) were
divided in four blocks: one unfertilized control (treatment A) and
three fertilization treatments (treatments B, C and D) with different
types of soil amendments (Table 1). An additional mineral fertilized
treatment (K) was included in CON field whereas it was not possible
to include it in the ORG system due to the strict restrictions in the
use of synthetic fertilizers.

Cattle manure composted for six months was used for treatment
B. Rock dust (treatment C) was  obtained by finely grinding (approx-
imately 0.5 mm of diameter) local rocks using a jaw crusher (Model
Nordberg C100; Metso Minerals Ltd., Tampere, Finland). Compost
mean composition was  the following: water 248 g kg FW−1, pH
7.98, total N 18 g kg DW−1, organic C 338 g kg DW−1, organic mat-
ter 583 g kg DW−1, humus 104 g kg DW−1, P2O5 6.8 g kg DW−1, K2O
14 g kg DW−1, Zn 0.112 g kg DW−1, Fe 5.53 g kg DW−1, 0.065Cu
g kg DW−1, Mn  0.114 g kg DW−1. Rock dust mean composition (%
w/w) was the following: SiO2 65.21, K2O 11.41, CaO 9.06, Al2O3
5.42, MgO  1.96, Na2O 1.65, P2O5 1.28, FeO 1.21, Fe2O3 1.02, MnO
0.07, other minerals 1.71. Compost stone meal (treatment D)
was prepared by mixing the stone powder with cattle manure
(<0.2 mm)  from diabase, after which the mixture was composted
for 6 months. Fertilizers amounts of the treatment K (Table 1) were
calculated on the basis of the values of soil texture and N content
(Table 2). At the establishment of the treatments, ten composite

soil sample were taken by randomly collecting three soil cores per
each farming system and fertilization treatment. On  these samples,
soil texture was determined, soil N was  measured by the analytic
kit Reflectoquant 10© (Merck, NJ, USA) combined to the Kjeldahl
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Table 2
Soil texture and nitrogen content at 0–30 cm depth in the conventional (CON) and
organic (ORG) experimental sites at the beginning of the experiment (n = 10).

CON ORG

Soil organic matter (% w/w) 2.6 6.7
Clay  (% w/w) 45.2 40.0
Silt  (% w/w) 40.8 40.0
Sand (% w/w) 11.4 13.3
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NO3-N (kg ha−1) 47.4 81.0
NH4-N (kg ha−1) 31.7 12.1

ethod, and soil organic matter was determined by dry combustion
ethod using a LECO-SC230 apparatus (LECO Instruments, UK). Soil
ilting point, field capacity and saturation were estimated from

he values of soil texture and soil organic matter using the software
PAWHydrology (version 6.02.74; USDA Agricultural Research Ser-
ice, Washington, Pullman, WA,  USA).

Lettuce was planted in late June of the three experimental
ears in both the systems. The distance between the plants was
.25 × 0.25 m.  Plants were covered with a nylon cloth to reduce
vaporation and protect them against pests. The harvest was
arried out in late July in both the systems. A number of 16 let-
uce heads per each fertilization treatment of both CON and ORG
ystems were randomly harvested in the central part of each fertil-
zation block for avoiding boundary effects among the fertilization
reatments and placed in white plastic bags to minimize water loss.
he bags were immediately transported in the laboratory, where
hey were weighed. The heads were divided lengthwise in half.
ne half of each head was put in a cloth bag, weighed and dried
t 53 ◦C for 48 h. The dry matter was weighed, ground and stored in
lastic tins for element determination. The remaining halves were
sed for determining phenol extraction and antioxidant capacity.
he number of plants randomly chosen for yield measurements
xpressed as g DW head−1 in each fertilization block was  200.
eteorological variables were monitored by weather stations of

he national weather measuring system of Swedish Meteorological
nd Hydrological Institute, placed at a 50 m from the experimental
elds.

.2. Phenolic extraction and determination

For each plant, central leaves were detached, slightly washed
ith distilled water to remove eventual residues, and used for the

ollowing measurements. Five grams of fresh leaf taken from the
entral part were collected with a scalpel and placed in an extract-
ng solution of 49 ml  methanol + 1 ml  HCl 37%, according to Sofo
t al. (2012). The solution was covered with parafilm to avoid evap-
ration, shaken at 100 rpm at 20 ◦C in the dark for 45 min. The
xtracts were filtered through 0.20 �m Minisart SFCA sterile fil-
ers (Sartorius Stedim Biotech GmbG, Goettingen, Germany), and
mmediately stored at −20 ◦C. Leaf extracts were analyzed by high-
erformance liquid chromatography for the determination of the
henolic compounds. The polyphenols contents of leaf extracts
ere determined by ultra-high-performance liquid chromatog-

aphy (UHPLC). All leaf extracts were filtered through 0.45-�m
hatman filters.
Ultrapure water was obtained by a Milli-Q system (Millipore,

ilan, Italy). All the chemicals used were purchased by Sigma-
ldrich (Milan, Italy). The UHPLC analysis was performed on a
himadzu Nexera UHPLC system, consisting of a CBM-20A con-
roller, two LC-30AD dual-plunger parallel-flow pumps, a DGU-20
5 degasser, an SPD-M20A photo diode array detector (equipped

ith a semi-micro flow cell of 2.5 �l), a CTO-20A column oven, a

IL-30AC autosampler. The UHPLC system was coupled online to
n LCMS-IT-TOF mass spectrometer through an ESI source (Shi-
adzu, Kyoto, Japan). LC–MS data elaboration was performed by
rae 204 (2016) 106–115

the LCMSsolution® software (Version 3.50.346, Shimadzu). Mobile
phases were: A = 0.1% (v/v) HCOOH in water; B = 0.1% (v/v) HCOOH
in acetonitrile. Analyses were performed in gradient elution as fol-
lows: 0–2.90 min, 15–20% B; 2.90–3.10 min, 20% B; 3.10–3.80 min,
20–27% B; 3.80–5.30, 27–35% B, 5.30–6.60 35–55% B, 6.60–10
55–100% B. Column oven temperature was set to 48 ◦C. Injection
volume was  2 �l of methanolic extract. The following PDA parame-
ters were applied: sampling rate, 40 Hz; detector time constant,
0.160 s; cell temperature, 40 ◦C. Data acquisition was  set in the
range 190–400 nm and chromatograms were monitored at 330 and
350 nm at the maximum absorbance of the compounds of interest.
UHPLC system was coupled on-line to a hybrid IT-TOF instrument,
flow rate from LC was splitted prior of the ESI source by means
of a stainless steel Tee union (1/16 in., 0.15 mm bore; Valco Instru-
ments Company Inc., Houston, TX, USA). Resolution, sensitivity, and
mass number calibration of the ion trap and the TOF analyzer were
tuned using a standard sample solution of sodium trifluoroacetate.
MS detection was  operated in negative ionization mode with the
following parameters: detector voltage, 1.53 kV; Interface voltage,
−3.5 kV, CDL (curve desolvation line) temperature, 200 ◦C; block
heater temperature, 200 ◦C; nebulizing gas flow (N2), 1.5 l min−1,
drying gas pressure, 100 kPa. Full scan MS  data were acquired in the
range of 200–900 m/z ion accumulation time, 40 ms; IT, (repeat = 2).
MS/MS  experiments were conducted in data dependent acquisi-
tion, precursor ions were acquired in the range 150–800 m/z; peak
width, 3 Da; ion accumulation time, 60 ms;  CID energy, 60%, colli-
sion gas 50%, repeat = 1; execution trigger (BPC) intensity, at 95%
stop level.

Quantification of individual phenolic compounds was per-
formed by photodiode array detection (DAD) at the maxi-
mum  absorbance of the compounds of interest. Stock solution
(1 mg  mL−1) were prepared in methanol, the calibration curves
were obtained in a concentration range of 1–100 �g mL−1 with
six concentration levels (1, 5, 10, 25, 50, 100 �g mL−1) and trip-
licate injection of each level were run. Phenolic acids derivatives
were quantified by comparison with an external standard of caffeic
acid where flavonols were quantified as quercetin 3-O-glucoside.
The quantification of the compounds for which there were not a
standard available was made using the calibration curve of the
compound that was included in their structure. Peak areas of
each standard were plotted against corresponding concentrations.
The amount of the compounds in the sample was expressed as
milligram per gram of extract, linear regression was  used to gen-
erate calibration curve, R2 values were ≥0.999, retention times
and areas repeatability was also evaluated showing RSD% values
below 0.80 and 8.68 respectively, further confirming the preci-
sion of the method. Identification of polyphenols was carried out
using both DAD spectra and MS/MS  data, comparing the fragmen-
tation pattern with data, when present, in literature. Molecular
formula was  calculated by the Formula Predictor software (Shi-
madzu), setting a low tolerance so that most of the identified
compounds were in position 1 in the list of the possible candi-
dates. Two different column setup were employed in this work: a
Kinetex C18 150 × 2.1 mm,  2.6 �m (Phenomenex, Castle Maggiore,
Italy) for UHPLC–MS/MS qualitative analyses, and a Kinetex C18
150 × 4.6 mm,  2.6 �m for UHPLC-PDA quantitative analysis.

Total phenolic content was determined by the Folin-Ciocalteu
colorimetric method using gallic acid as a standard. Each reaction
mixture contained 100 �l sample solution, 6 ml  distilled-deionized
water, 500 �l Folin-Ciocalteu reagent and 0.15 ml  of Na2CO3. For
the blank, acetone-water (1:1, v/v) replaced gallic acid. After 2 h of
reaction at 20 ◦C, the absorbance was measured at 765 nm using a

Jasco V-530 UV–vis spectrophotometer (Jasco Corp., Tokyo, Japan).
Total phenolic content was  expressed as mg  gallic acid equivalents
(GAE) per gram of fresh weight of leaves.
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.3. Total antioxidant capacity

The ability of leaf extracts to scavenge the DPPH• (2,2-
iphenyl-1-picrylhydrazyl) radical was measured according to
rand-Williams et al. (1995). Aliquots (20 �l) of leaf extract
ere added to 3 ml  of DPPH• solution (6 × 10−5 mol  L−1) and the

bsorbance was spectrophotometrically determined at 515 nm
very 5 min  until the steady state.

The antioxidant potential of leaf extracts was  also determined
sing a FRAP assay (Ferric Reducing Ability of Plasma). A solution of
0 mmol  L−1 2,4,6-tripyridyl-s-triazine (TPTZ) in 40 mmol  L−1 HCl
nd 12 mmol  L−1 FeCl2 was diluted in 300 mmol  L−1 sodium acetate
uffer (pH 3.6) at a ratio of 1:1:10. Aliquots (20 �l) of leaf extract
ere added to 3 ml  of the FRAP solution and the absorbance was

pectrophotometrically determined at 593 nm every 5 min  until
he steady state was reached. For each antioxidant assay, a Trolox
liquot was used to develop a standard curve and all data were
xpressed as Trolox equivalents (�mol  TE g−1 FW).

.4. Element determination

An aliquot (50 g) of the same leaves used for phenol deter-
ination was digested in a HNO3:H2O2 solution (5:1, v/v) using

 high performance microwave digestion unit (MLS-1200 Mega,
ilestone Inc., CT, USA). Two milliliters of HNO3 (0.1 M)  were

dded and then the solution was made up to a 10 ml  with ultra-
ure distilled water. The levels of elements were determined by
eans of quadrupole inductively coupled plasma mass spectrome-

ry, ICP-QMS (Elan DRC II, PerkinElmer SCIEX, CT, USA). Operational
arameters were the following: sample uptake rate, 1 ml  min−1;
ample introduction system, Meinhard nebulizer with cyclonic
pray chamber; gas flow rates L min−1: plasma, 15; auxiliary, 1.0;
ebulizer, 0.85; dwell time, 50 ms;  interface, Pt cones; extraction

ens voltage, optimized for maximum detector response (56Fe).
igh purity He (99.9999%) and H2 (99.9995%) were used, in order

o minimize the potential problems caused by unidentified reac-
ive contaminant species in the cell. The instrument was equipped
ith an octopole ion guide enclosed in a collision/reaction cell.
oreover, the instrument was operated in an air-conditioned lab-

ratory (20–22 ◦C) equipped with a filter to remove dust particles.
on-metallic devices were always used to collect and transport the

amples. Considering that the instrument used is a simultaneous
CP-QMS, having an array of photo multiplier tubes positioned to
ook at a fixed set of elements (wavelengths), the reference wave-
engths for each metal and metalloid were automatically chosen
y the instrument software in order to avoid interferences with
he other elements analyzed. Before use, all glassware and plas-
ic containers were cleaned by washing with 10% ultra-pure grade
NO3 for at least 24 h, and then rinsed copiously with ultra-pure
ater before use. The calibration solutions were prepared from
ulti-elemental standard stock solutions of 1000 mg  L−1, and the

alibration curves were obtained by using at least 6 calibration
olutions. Reagent blanks containing ultra-pure water were addi-
ionally analysed in order to control the purity of the reagents and
he laboratory equipment.

.5. Statistical analysis

For each management system and fertilization treatment, data
f polyphenols, total antioxidant capacity and mineral levels were
epresented as the means of measurements on 16 different plants
er treatment per year (n = 48), while yield values were repre-

ented as the means of measurements on 100 plants per treatment
er year (n = 300). Data were analyzed using SAS version 9.2 (SAS

nstitute Inc., Cary, NC, USA). Analysis of variance (ANOVA) was
erformed using the PROC GLM procedure of the software, that
Fig. 1. (A) Rainfall, (B) average air temperature, and (C) mean daily PAR in 2011
(grey bars), 2012 (black bars) and 2013 (white bars).

uses the method of least squares to fit general linear models. PROC
GLM enables to specify any degree of interaction (crossed effects)
and nested effects, and also provides for polynomial, continuous-
by-class, and continuous-nesting-class effects. All the values of the
three experimental years were considered as replications, as no
significant difference were observed between the years. Correla-
tion analysis was performed to determine the relationship between
the parameters independent of the agronomic and fertilization
treatments using the CORR procedure, computing Pearson corre-
lation coefficients as parametric measure of the linear relationship
between the variables. Significant differences among means were
determined at P ≤ 0.05, according to Fisher’s LSD test.

3. Results

3.1. Climatic variable, soil properties and yield parameters

In the period April-August (mean 2011–2013), there was
204 mm of rainfall, with only 13 mm in July (Fig. 1a). The average
temperatures reached a peak of 19 ◦C (mean 2011–2013) in August
(Fig. 1b). The mean daily PAR (photosynthetically active radiation)
increased from April to June and successively decreased during the
last part of the summer in all the three experimental years (Fig. 1c).

On the basis of the parameters of soil texture and soil organic
matter (Table 2), CON soil was  a silty clay having 26.8% (v/v) wilt-

ing point, 40.9% (v/v) field capacity and 52.3% (v/v) saturation,
whereas ORG soil was a silty clay with 24.9% wilting point, 39.9%
field capacity and 58.0% saturation. Soil organic matter and total
soil N (NO3-N + NH4-N) were higher in the ORG system (Table 2).
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Table 3
Yield in conventional (CON) and organic (ORG) management systems. The fertil-
ization treatments are indicated in Table 1. Mean values in the period 2011–2013
(n  = 300) ± SD followed by different letters are significantly different at P ≤ 0.05,
according to Fisher’s LSD test.

Yield (g DW head−1)

CON ORG

Value SD Stat Value SD Stat

A 4.55 2.36 d 12.41 0.69 b
B  10.74 1.25 c 13.46 1.84 ab
C  9.35 1.18 c 13.42 1.99 ab
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D  7.57 3.16 cd 15.12 2.70 a
K  8.39 0.99 cd – – –

or all the fertilization treatments, the values of yield were sig-
ificantly higher in ORG than in CON (Table 3). The unfertilized
reatment (A) of ORG had significantly higher yield (12.41 g DW
ead−1) than the mineral fertilized treatment (K), while A-CON
howed very low yield values (Table 3). Considering all the treat-
ents together, excluding K, in all of the three years of experiment,

ield was significantly higher in the ORG system (Table 7).

.2. Levels of phenolic acids and flavonols

The phenolic acids and flavonols revealed in the lettuce samples,
orted in the order of the peaks found in the UHPLC chromatograms,
re showed in Table 4. In all the fertilization treatments, the levels
f total phenolic acids of CON fertilization treatments were signifi-
antly higher compared to ORG. In the CON system, total phenolic
cids in the unfertilizated treatment A were significantly higher
han in the fertilization treatments including manure and/or rock
ust (B, C, and D), wheres this trend was not observed in the ORG
ystem. Compared to the other treatments, the total concentra-
ion of phenolic acids under mineral fertilization (treatment K) was
.845 mg  g−1 FW,  a value significantly lower respect to all the CON
ertilization treatments. Feruloylquinic acid, caffeoylferuloyquinic
cid, and methylcaffeoylferuloyltartaric acid isomer were found to
e the major phenolic acids present, accounting on average for 32,
5 and 19%, respectively, of the total content in phenolic acids.

As for total phenolic acids, statistical differences in total
avonols were revealed among CON and ORG fertilization treat-
ents. In the CON system, the levels of total flavonols were

ignificantly higher in the unfertilized treatment (A) compare to
he three fertilized treatments (B, C, and D), showing significant
ifferences respect to the lowest value (0.381 mg  g−1 FW)  found

n plants subjected to mineral fetilization (treatment K). Consider-
ng on average all the treatments, quercetin 3-O-glucoside was  the

ost abundant flavonol, accounting for 38% of total flavonols.
Excluding the treatment D (manure + rock dust), the total phe-

olic content calculated by the sum of phenolic acids and flavonols
esulted to be significantly always higher in CON fertilization treat-
ents than in ORG ones.

.3. Total phenol content and total antioxidant capacity

As for phenol levels determined by UHPLC, the values of
otal phenol content measured by the Folin-Ciocalteu colorimetric

ethod was higher in all the CON fertilization treatments com-
ared to ORG, showing the highest levels in the A-CON treatment
2.25 mg  GAE g−1 FW)  (Table 5). Considering all the treatments
ogether, excluding K, in all of the three years of experiment total

henol content was significantly higher in the leaves of plants from
he CON system (Table 7). A trend parallel to that of total phe-
ols was observed for total antioxidant capacity determined by
PPH• and FRAP assays, with peaks found in A/C-CON treatments
rae 204 (2016) 106–115

(Table 5). The differences in antioxidant capacity between CON and
ORG management systems were all significant (Table 5).

3.4. Element content

Mineral distribution of macroelements revealed that ORG fer-
tilization treatments determined significant increases in N, Mg, S,
Na, and Al in all the treatments compared to the respective CON
fertilization treatments, whereas no differences in C, K, Ca, P and
Fe were observed (Table 6). Regarding microelements, ORG fertil-
ization treatments had significantly higher levels of Cu and Se, and
lower concentrations of Mn,  Cd and Mo,  whereas no changes were
found for Zn, Ni, Cr and Co (Table 6). These trends were gener-
ally confirmed, excepting for some exceptions in the unfertilized
tretments (A). The ORG fertilization treatments that included com-
post and/or rock dust application (B/C/D) presented a value of N
content comparable to that found in the treatment K with min-
eral fertilization (Table 6). Considering all the treatments together,
excluding K, in all of the three years of experiment total N content
was significantly higher in plants from the ORG system (Table 7).

4. Discussion

4.1. Phenolic profiles

The extraction method and the determination by UHPLC cou-
pled with LCMS-IT-TOF here used allowed to detect clearly 12
phenolic compounds (eight phenolic acids and four flavonols), a
number comparable to that obtained by other authors (Ribas-
Agustí et al., 2011; Abu-Reidah et al., 2013). Considering all the
treatments and the controls (K), ferulic acid derivatives were the
largest group of phenolyc acids, accounting on average for 56% of
total phenolic acid content (Table 4). As found by Ribas-Agustí et al.
(2011) and Abu-Reidah et al. (2013), the levels of chicoric acid,
important for human health due to its strong antinflammatory and
antimicrobic actions, and to its anti-cancer and anti-diabetic prop-
erties (Manach et al., 2004; Llorach et al., 2008; Mulabagal et al.,
2010; Lee and Scagel, 2013), represents a good fraction of phenolic
acids (on average 8% for both the compounds). Among flavonols,
the levels of quercetin, a strong anti-tumoral agent (DuPont et al.,
2000; Llorach et al., 2008), was  comparable to those found by other
authors in different varieties of conventionally-cultivated lettuce
(approximately 100 �g g−1 FW)  (Ribas-Agustí et al., 2011; Abu-
Reidah et al., 2013) (Table 4).

4.2. Effects of crop management system

Generally, environmental stresses, such as heat shock, chilling
or high light intensity, cause a higher synthesis and/or accumula-
tion of phenols in lettuce (Romani et al., 2002; Oh et al., 2009a,b).
In other cases, as depicted by Ordidge et al. (2010) for lettuce cul-
tivated under different levels of UV radiation determined by the
use of plastic films, the reduction of the stressors do not produce
decreases in phenolic content, allowing agronomic advantages
without phytochemical penalty. The effects of agronomic practices
on phenol content of lettuce are not always statistically signifi-
cant and often milder than those determined by abiotic stressors
(Heimler et al., 2012; Durazzo et al., 2014). For instance, in the
work of Durazzo et al. (2014), no differences in some phenolic acids
(chlorogenic acid and caffeic acid) were found between organic
and conventional lettuce cultivated under greenhouse conditions.

In our opinion, the missing link of many researches on phenols
in cultivated plants is the study of the effects of agronomic prac-
tices on plant’s nutritional balance, that in turn can affect phenol
biosynthesis and accumulation. For all these reasons, we tried to
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Table 4
Phenolic acids and flavonol in leaves of green lettuce grown under conventional (CON) and organic (ORG) management systems. The fertilization treatments are indicated in Table 1. Mean values in the period 2011–2013
(n  = 48) ± SD followed by different letters are significantly different between rows at P ≤ 0.05, according to Fisher’s LSD test. Legend: 1 = chlorogenic acid; 2 = feruloyl tartaric acid; 3 = feruloylquinic acid; 4 = caffeic acid;
5  = chicoric acid; 6 = caffeoylferuloyquinic acid; 7 = methylcaffeoylferuloyltartaric acid; 8 = methylcaffeoylferuloyltartaric acid isomer; 10 = chicoric acid methyl ester; 9 = quercetin 3-O-glucoside; 10 = isorhamnetin 3-O-glucuronide;
11  = kaempferide 3-O-glucuronide; 12 = quercetin.

Phenolic acids Flavonols (�g g−1 FW)

1 2 3 4 5 6 7 8 Totalphenolic acids 9 10 11 12 Total flavonols(mg) Total phenols(mg)
(�g  g−1 FW)  (mg  g−1 FW)  (�g g−1 FW)  (mg g−1 FW)

A CONValue 28.01 38.41 564.90 26.71 31.74 314.89 42.34 176.08 1.223 257.88 136.48 181.65 113.79 0.690 1.913
SD  1.32 2.13 3.16 3.94 1.63 23.67 10.22 6.96 16.53 15.35 13.32 5.55
Stat  a a a c a a a a a a a a a a a

ORGValue  19.96 33.41 339.82 40.42 27.83 237.85 34.78 141.27 0.875 177.94 71.28 62.59 39.05 0.351 1.226
SD  2.73 2.21 15.32 2.47 4.95 24.88 5.63 21.00 12.72 5.26 4.86 8.29
Stat  b b b a b b a b c b b b c d c

B CONValue  20.39 24.50 432.16 52.73 31.95 230.04 31.37 130.22 0.953 111.26 66.35 183.01 119.79 0.480 1.434
SD  3.84 3.94 23.48 8.75 2.19 11.01 5.02 8.66 20.05 3.32 14.97 5.93
Stat  b c ab a a b a b b c b a a c b

ORGValue  22.51 36.49 331.40 25.57 30.02 252.46 27.14 143.59 0.869 192.05 73.13 78.99 44.05 0.388 1.257
SD  1.33 4.45 10.73 5.52 2.62 40.39 5.91 27.23 7.74 5.85 2.25 10.25
Stat  b a b c a b a b c b b a c d c

C  CONValue 22.38 31.46 507.76 35.44 31.29 262.97 33.42 156.30 1.081 148.64 90.28 180.53 89.15 0.509 1.590
SD  1.63 1.36 20.65 5.01 3.56 13.44 2.53 19.65 8.25 9.43 11.73 5.46
Stat  b b a b a b a ab b bc ab a b bc b

ORGValue  20.35 33.65 332.37 53.85 26.29 241.25 34.74 171.81 0.914 196.87 66.10 63.27 39.78 0.366 1.280
SD  3.83 4.35 15.93 4.30 7.21 35.97 6.93 9.70 12.60 9.30 3.54 18.10
Stat  b b b a b b a a c ab ab b c d c

D CONValue  28.43 32.02 519.36 26.80 32.83 255.50 43.15 140.33 1.078 183.21 107.85 156.91 114.59 0.563 1.641
SD  7.08 1.13 39.09 9.22 8.20 19.98 9.12 9.03 16.3 3.75 12.19 6.06
Stat  a b a c a b a a b b ab a a b ab

ORGValue  20.38 34.22 350.59 25.10 27.48 244.62 36.81 169.83 0.909 233.42 82.38 73.32 26.23 0.474 1.553
SD  3.99 1.38 13.46 4.35 4.09 30.85 8.43 10.96 6.30 12.43 4.80 10.64
Stat  b ab b c b b a a c a b b d c b

K CONValue  19.40 40.62 257.31 34.80 22.45 281.63 37.68 151.11 0.845 97.87 46.79 162.28 74.39 0.381 1.226
SD  3.34 1.45 35.71 4.31 2.14 22.51 4.13 11.73 7.28 9.08 14.62 8.36
Stat  b a c b a b a ab c d c a b d c
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Table 5
Total phenol content (Folin-Ciocalteu assay) and total antioxidant capacity (DPPH• and FRAP assays) in leaves of green lettuce grown under conventional (CON) and organic
(ORG)  management systems. The fertilization treatments are indicated in Table 1. Mean values in the period 2011–2013 (n = 48) ± SD followed by different letters are
significantly at P ≤ 0.05, according to Fisher’s LSD test. GAE: gallic acid equivalents. TE: Trolox equivalents.

Total phenols (mg GAE g−1 FW)

CON ORG

Value SD Stat Value SD Stat

A 2.25 0.03 a 1.25 0.07 bc
B  2.18 0.02 b 0.61 0.10 d
C  1.76 0.16 b 0.85 0.10 d
D  1.30 0.14 bc 0.79 0.07 d
K  1.14 0.07 c – –

DPPH• (�mol  TE g−1 FW)

CON ORG

Value SD Stat Value SD Stat

A 40.26 0.29 a 28.35 0.27 c
B  33.20 0.28 b 19.99 0.24 d
C  40.25 0.30 a 24.43 0.41 d
D  28.35 0.28 c 20.00 0.23 d
K  20.01 0.23 d – – –

FRAP  (�mol  TE g−1 FW)

CON ORG

Value SD Stat Value SD Stat

A 28.35 0.28 a 18.27 0.25 c
B  25.31 0.41 b 14.00 0.17 cd
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C  26.31 0.38 

D  18.50 0.33 

K  8.28 0.22 

etter define the relationhips between soil physico-chemical prop-
rties (Table 2), fertilization plans (Table 1) and plant mineral status
Table 6).

Focusing on the levels of the phenols detected by UHPLC, dif-
erent trends were observed: the levels of phenolic acids and total
henols were significantly affected by the choice of the farming
ystem, being higher in CON than in ORG for all the fertilization
reatments, whereas flavonols did not significantly change between
he two systems (Table 4). Interestingly, the total phenolic trends
bserved (Table 4) are similar to those found by Romani et al. (2002)
n a comparison between greenhouse and oper-air-grown lettuce,

ith this latter showing a higher total phenolic content, presum-
bly because more subjected to different kinds of abiotic stresses.

The trends of total phenols determined by the Folin-Ciocalteu
olorimetric method (Table 5) appeared to be similar to that of total
henolics obtained by the sum of the single phenolic compounds
phenolic acids + flavonols) (Table 4). Considering the normaliza-
ion due to dry weight conversion, concentration ranges and leaf
mounts analyzed, these values are comparable to those found by
ther authors that applied similar cultural conditions (on average
–2 mg  GAE g−1 FW)  (Heimler et al., 2007; Liu et al., 2007; Oh et al.,
009b). The results of DPPH• method for the assay of total antioxi-
ant capacity were parallel to that obtained by FRAP method, with
he highest values in CON treatments (Table 5). This suggests that
he total radical scavenging activity of lettuce samples was cor-
elated to the phenol content, as demonstrated by other authors
Llorach et al., 2004; Heimler et al., 2007; Llorach et al., 2008;
eimler et al., 2012), and here confirmed by the positive relation-

hip between the two parameters (R2 = 0.85) (Fig. 2a). This does
ot exclude that other important non-phenolic antioxidants of let-

uce could take part in the antioxidant capacity. For example, it
s known that some minerals, such as Fe, Cu and Zn can strongly
ontribute to radical scavenging in plant cells (Abu-Reidah et al.,
013). This notwithstanding, no significant correlation was  found
14.01 0.16 cd
10.42 0.30 d
– – –

between [Fe + Zn + Cu] content and antioxidant capacity (R2 = 0.33)
(Fig. 2b).

Organic management ameliorated the mineral status of plants
(Tables 6 and 7). Particularly, mineral nitrogen content in plants
was likely the main responsible for the higher yields, as shown in
Fig. 2c (R2 = 0.86). Conversely, total phenols (values obtained by
UHPLC data) were negatively correlated with [Fe + Zn + Cu] con-
tent, N content and yield (R2 = 0.90, 0.82 and 0.79, respectively)
(Fig. 2d–f, respectively), suggesting that in the plants with a better
nutritional status, the synthesis and/or accumulation of phenols
was reduced. The correlation between plant mineral content and
phenol biosynthesis and accumulation is not surprising. The activ-
ity of phenylalanine ammonia lyase (PAL) polyphenol oxidase and
some peroxidase isoforms, the key regulatory enzymes for the
biosynthesis of plant phenolic compounds, and the transcription
of many PAL-encoding genes, is generally increased by adverse
environmental conditions, such as low nutrient levels, particularly
N and metal microelements (Ruiz et al., 2003; Velicković et al.,
2014; Wada et al., 2014). According to Gershenzon (1984), nitrogen
stress accompanied by reduced growth and yield (Table 2) could
lead, through the deamination of phenylalanine due to PAL cataly-
sis, to an enhanced production of secondary phenolic compounds
and to the use of the released NH3 for other purposes. The same
authors pointed out that the rate of protein synthesis slows under
condition of N deficiency, and the unused carbohydrate could be
diverted to phenolic synthesis. In this study, CON plants showed
by reduced yield (Tables 3 and 7), phenolics (Tables 4, 5 and 7)
and N (Tables 5 and 7) compared to ORG plants, confirming this
hypothesis.
4.3. Effects of mineral fertilization treatment

The significantly low phenols and antioxidant capacity of the
treatment K, compared to the other fertilization treatments (A, B,
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Table 6
Mineral content in leaves of green lettuce grown under conventional (CON) and organic (ORG) management systems. The fertilization treatments are indicated in Table 1. Mean values in the period 2011–2013 (n = 48) ± SD
followed  by different letters are significantly different between rows at P ≤ 0.05, according to Fisher’s LSD test.

C N K Ca P Fe Mg  S Na Al Zn Mn Cu Ni Cr Cd Mo  Co Se Total
(mg  g−1 DW)  (�g g−1 DW)  (mg g−1 DW)

A CON Value 395.04 18.41 12.70 15.40 4.58 3.82 3.55 2.55 1.13 0.84 50.40 40.65 7.40 1.81 1.98 1.39 0.65 0.44 0.71 458.13
SD  9.07 4.35 3.21 2.80 0.22 0.52 0.61 0.30 0.86 0.50 7.23 18.73 1.46 0.60 1.28 0.43 0.30 0.29 0.45
Stat  a d b a a a b b b a b a b a a a b a a b

ORG Value  392.86 37.33 9.43 13.14 4.78 3.89 4.41 3.35 3.43 0.91 55.11 20.31 11.24 1.54 1.60 0.80 0.92 0.38 0.79 473.62
SD  7.85 2.03 2.74 1.51 0.33 0.41 0.74 0.09 1.85 0.16 2.05 0.39 1.57 0.26 0.17 0.11 0.15 0.08 0.42
Stat  a b b a a a a a a a b b a a a b b a a a

B CON Value  381.00 25.67 37.00 13.94 4.96 3.58 3.20 2.56 1.43 0.59 44.34 35.76 7.21 1.64 1.56 1.49 1.67 0.34 0.18 474.02
SD  10.49 4.94 5.45 2.06 0.43 0.69 0.22 0.46 0.11 0.20 5.27 3.94 1.44 0.39 0.64 0.08 0.38 0.07 0.08
Stat  a c a a a a v b b b b a b a a a a a b b

ORG Value  382.85 44.35 29.47 12.64 4.72 3.82 3.99 3.13 2.33 0.84 50.18 20.48 10.23 1.47 1.54 0.90 0.89 0.37 0.56 468.22
SD  3.46 1.81 5.10 0.78 0.54 0.69 0.59 0.14 0.75 0.67 5.19 8.79 1.18 0.64 1.18 0.08 0.08 0.30 0.31
Stat  a a a a a a a a a a b b a a a b b a a a

C  CON Value 384.72 24.89 32.12 12.81 4.81 3.39 2.84 2.36 1.26 0.43 38.66 32.65 6.81 1.21 0.83 1.34 1.34 0.23 0.20 469.72
SD  8.20 4.15 3.88 1.06 0.48 0.80 0.22 0.46 0.13 0.25 7.67 2.47 0.81 0.17 0.38 0.14 0.53 0.08 0.06
Stat  a c a a a a b b b c b a b a a a a a b b

ORG Value  378.82 43.52 30.97 14.03 4.67 3.53 4.60 3.21 2.86 0.59 51.43 19.13 10.64 1.39 1.24 0.95 0.97 0.32 0.50 486.87
SD  3.26 3.12 2.11 1.19 0.23 0.86 0.35 0.09 0.76 0.18 3.14 3.09 1.43 0.16 0.14 0.05 0.12 0.04 0.19
Stat  a a a a a a a a a b b b a a a b b a a a

D CON Value  390.73 21.41 25.97 16.50 4.61 3.52 3.13 2.10 1.12 0.56 53.42 37.42 7.35 1.84 1.73 1.74 1.40 0.46 0.34 469.76
SD  5.74 3.23 6.36 0.95 0.32 0.48 0.12 0.32 0.06 0.20 17.58 2.26 2.11 0.68 0.98 0.43 0.45 0.27 0.15 b
Stat  a c a a a a v b b b b a b a a a a a b

ORG Value  391.99 40.85 17.64 13.36 4.50 3.96 4.42 3.07 3.08 0.99 48.31 23.92 9.47 1.82 2.72 0.81 1.16 0.45 0.67 483.95
SD  4.15 2.47 4.12 1.63 0.28 0.43 0.68 0.20 0.63 0.47 3.01 6.68 0.57 0.42 1.17 0.07 0.18 0.14 0.31
Stat  a a ab a a a a a a a b b a a a b b a a a

K CON Value  407.07 39.01 8.01 13.24 4.85 3.64 4.37 3.68 2.02 0.63 65.65 46.35 11.17 2.61 2.08 1.74 0.99 0.45 0.41 486.66
SD  2.97 2.74 2.57 1.30 0.27 0.31 0.42 0.44 0.56 0.27 3.86 3.92 0.62 0.46 0.83 0.22 0.68 0.16 0.20
Stat  a a b a a a a a ab b a a a a a a ab a ab a
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Table 7
Yield, total phenol content (Folin-Ciocalteu assay), and mineral nitrogen content in leaves of green lettuce grown under conventional (CON) and organic (ORG) management
systems (period 2011–2013). For both CON and ORG, the values are means (n = 400 for yield and n = 64 for total phenols and N) ± SD of the fertilization treatments A, B, C and
D  (indicated in Table 1). Values followed by different letters are significantly at P ≤ 0.05, according to Fisher’s LSD test. GAE: gallic acid equivalents.

Yield (g DW head−1)

CON ORG

Value SD Stat Value SD Stat

2011 7.85 2.67 b 12.15 3.12 a
2012  8.10 3.12 b 13.11 4.89 a
2013  8.21 3.98 b 15.53 3.20 a

Total phenols (mg  GAE g−1 FW)

CON ORG

Value SD Stat Value SD Stat

2011 1.99 0.43 a 0.96 0.27 c
2012  1.76 0.14 ab 0.92 0.19 c
2013  1.87 0.62 a 0.76 0.12 cd

N  (mg  g−1 DW)

CON ORG

Value SD Stat Value SD Stat

2011 19.29 3.35 c 39.28 3.16 ab
2012  24.30 3.87 c 40.01 2.09 ab
2013  24.20 2.52 c 45.23 3.22 a

F oxida
c conte
y  obtain

C
t
N
(
t
t
o
t

ig. 2. Regression analysis (n = 48; only the means are shown) between (A) total anti
ontent. (C) yield and nitrogen content. (D) total phenol content and [Fe + Zn + Cu] 

ield.  The values of R2 are indicated in every subfigure. Total phenol contents were

, and D) of the CON system (Tables 4 and 5) seems to confirm
hat a strong mineral fertilization (Table 1) was able to increase

 and total mineral levels (Table 6) but not that of plant phenols
Tables 4 and 5). In support of this hypothesis, the unfertilized

reatment (A) of the CON system maintained a significantly high
otal phenol content and antioxidant potential compared to the
ther treatments, including K (Tables 4–6). On the other hand,
he most fertilized treatment D-CON (manure + rock dust) had an
nt capacity and total phenol content. (B) total antioxidant capacity and [Fe + Zn + Cu]
nt. (E) total phenol content and nitrogen content. and (F) total phenol content and
ed by UHPLC data. TE: Trolox equivalents.

opposite behavior (Tables 4–6). The situation in the four ORG treat-
ments regarding phenols and antioxidant capacity seems to be
more homogeneous, with less marked differences, compared to
CON (Tables 4 and 6), likely due to the high levels soil organic matter

and N contents at the beginning of the experiment (Table 2).

Almost all the inorganic minerals are naturally present in soil
particles and/or soil solution but their levels can be strongly
affected by the fertilization treatment adopted in the field (Kelly
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nd Bateman, 2010; Sofo et al., 2012). This was confirmed by the
igh plant N content in the treatments with manure and rock dust
lone or in combination (B, C, D), compared to the unfertilized one
A) in both the systems (Table 6).

. Conclusions

From the overall analysis of the results, the higher content of
henolics observed in the conventional treatments could be asso-
iated to the presence of more stressful conditions, in terms of plant
nd/or soil mineral deficits. On the other hand, the adoption of an
rganic management determined higher yields and a better plant
ineral balance. These soil parameters, together with the fluctua-

ions of nutrients in plants, crop yield, and indirect environmental
osts should be taken into consideration before scheduling lettuce
arming systems.

cknowledgments

This work was partly supported by a STSM Grant from Zinc-Net
OST Action TD1304.

eferences

bu-Reidah, I.M., Contreras, M.M.,  Arráez-Román, D., Segura-Carretero, A.,
Fernández-Gutiérrez, A., 2013. Reversed-phase ultra-high-performance liquid
chromatography coupled to electrospray ionization-quadrupole-time-of-flight
mass spectrometry as a powerful tool for metabolic profiling of vegetables:
Lactuca sativa as an example of its application. J. Chromatogr. A 1313, 212–227.

desso, S., Pepe, G., Sommella, E., Manfra, M.,  Scopa, A., Sofo, A., Tenore, G.C., Russo,
M.,  Di Gaudio, F., Autore, G., Campiglia, P., Marzocco, S., 2016.
Anti-inflammatory and anti-oxidant activity of polyphenolic extracts from
Lactuca sativa (var. Maravilla de Verano) under different farming methods. J.
Sci. Food Agric., http://dx.doi.org/10.1002/jsfa.7622 (Accepted article).

aslam, M.,  Morales, F., Garmendia, I., Goicoechea, N., 2013. Nutritional quality of
outer and inner leaves of green and red pigmented lettuces (Lactuca sativa L.)
consumed as salads. Sci. Hortic. 151, 103–111.

rand-Williams, W.,  Cuvelier, M.E., Berset, C., 1995. Use of free radical method to
evaluate antioxidant activity. Lebensm. Wiss. Technol. 28, 25–30.

uPont, M.S., Mondin, Z., Williamson, G., Price, R., 2000. Effect of variety,
processing, and storage on the flavonoid glycoside content and composition of
lettuce and endive. J. Agric. Food Chem. 48, 3957–3964.

urazzo, A., Azzini, E., Lazzé, M.C., Raguzzini, A., Pizzala, R., Maiani, G., Palomba, L.,
Maiani, G., 2014. Antioxidants in Italian head lettuce (Lactuca sativa var:
capitata L.) grown in organic and conventional systems under greenhouse
conditions. J. Food. Biochem 38, 56–61.

ershenzon, J., 1984. Changes in the levels of plant secondary metabolites under
water and nutrient stress. In: Timmermann, B.N., Steelink, C., Loewus, F.A.
(Eds.), Phytochemical Adaptations to Stress. Springer, New York, pp. 273–320.

eimler, D., Isolani, L., Vignolini, P., Tombelli, S., Romani, A., 2007. Polyphenol
content and antioxidative activity in some species of freshly consumed salads.
J.  Agric. Food Chem. 55, 1724–1729.
eimler, D., Vignolini, P., Arfaioli, P., Isolani, L., Romani, A., 2012. Conventional,
organic and biodynamic farming: differences in polyphenol content and
antioxidant activity of Batavia lettuce. J. Sci. Food Agric. 92, 551–556.

ooper, L., Cassidy, A., 2006. A review of the health care potential of bioactive
compounds. J. Sci. Food Agric. 85, 1805–1813.
rae 204 (2016) 106–115 115

Kelly, S.D., Bateman, A.S., 2010. Comparison of mineral concentrations in
commercially grown organic and conventional crops—tomatoes (Lycopersicon
esculentum)  and lettuces (Lactuca sativa).  Food Chem. 119, 738–745.

López, A., Javier, G.-A., Fenoll, J., Hellín, P., Flores, P., 2014. Chemical composition
and  antioxidant capacity of lettuce: comparative study of regular-sized
(Romaine) and baby-sized (Little Gem and Mini Romaine) types. J. Food
Compos. Anal. 33, 39–48.

Lee, J., Scagel, C.F., 2013. Chicoric acid: chemistry, distribution, and production.
Front. Chem. 1, 1–17.

Liu, X., Ardo, S., Bunning, M.,  Parry, J., Zhou, K., Stushnoff, C., Stoniker, F., Yu, L.,
Kendall, P., 2007. Total phenolic content and DPPH radical scavenging activity
of  lettuce (Lactuca sativa L.:) grown in Colorado. LWT-Food Sci. Technol. 40,
552–557.

Llorach, R., Tomás-Barberán, F.A., Ferreres, F., 2004. Lettuce and chicory byproducts
as  a source of antioxidant phenolic extracts. J. Agric. Food Chem. 52,
5109–5116.

Llorach, R., Martínez-Sánchez, A., Tomás-Barberán, F.A., Gil, M.I., Ferreres, F., 2008.
Characterisation of polyphenols and antioxidant properties of five lettuce
varieties and escarole. Food Chem. 108, 1028–1038.

Mai, F., Glomb, M.A., 2013. Isolation of phenolic compounds from iceberg lettuce
and impact on enzymatic browning. J. Agric. Food Chem. 61, 2868–2874.

Manach, C., Scalbert, A., Morand, C., Rémésy, C., Jiménez, L., 2004. Polyphenols:
food sources and bioavailability. Am.  J. Clin. Nutr. 79, 727–747.

Mulabagal, V., Ngouajio, M.,  Nair, A., Zhang, Y., Gottumukkala, A.L., Nair, M.G.,
2010. In vitro evaluation of red and green lettuce (Lactuca sativa)  for functional
food properties. Food Chem. 118, 300–306.

Oh, M.-M., Trick Harold, N., Rajashekar, C.B., 2009a. Secondary metabolism and
antioxidants are involved in environmental adaptation and stress tolerance in
lettuce. J. Plant Physiol. 166, 180–191.

Oh, M.-M., Carey, E.E., Rajashekar, C.B., 2009b. Environmental stresses induce
health-promoting phytochemicals in lettuce. Plant Physiol. Biochem. 47,
578–583.

Ordidge, M., García-Macías, P., Battey, N.H., Gordon, M.H., Hadley, P., John, P.,
Lovegrove, J.A., Vysini, E., Wagstaffe, A., 2010. Phenolic contents of lettuce,
strawberry, raspberry, and blueberry crops cultivated under plastic films
varying in ultraviolet transparency. Food Chem. 119, 1224–1227.

Pepe, G., Sommella, E., Manfra, M.,  De Nisco, M.,  Tenore, G.C., Scopa, A., Sofo, A.,
Marzocco, S., Adesso, S., Novellino, T., Campiglia, P., 2015. Evaluation of
anti-inflammatory activity and fast UHPLC-DAD-IT-TOF profiling of
polyphenolic compounds extracted from green lettuce (Lactuca sativa L.; var.
Maravilla de Verano). Food Chem. 167, 153–161.

Ribas-Agustí, A., Gratacós-Cubarsí, M.,  Sárraga, C., García-Regueiro, J.A., Castellari,
M.,  2011. Analysis of eleven phenolic compounds including novel p-coumaroyl
derivatives in lettuce (Lactuca sativa L.) by ultra-high-performance liquid
chromatography with photodiode array and mass spectrometry detection.
Phytochem. Anal. 22, 555–563.

Romani, A., Pinelli, P., Galardi, C., Sani, G., Cimato, A., Heimler, D., 2002. Polyphenols
in  greenhouse and open-air-grown lettuce. Food Chem. 79, 337–342.

Ruiz, J.M., Rivero, R.M., Lopez-Cantarero, I., Romero, L., 2003. Role of Ca2+ in
metabolism of phenolic compounds in tabacco leaves (Nicotiana tabacum L.).
Plant Growth Regul. 41, 173–177.

Sofo, A., Nuzzo, V., Tataranni, G., Manfra, M.,  De Nisco, M., Scopa, A., 2012. Berry
morphology and composition in irrigated and non-irrigated grapevine (Vitis
vinifera L.). J. Plant Physiol. 169, 1023–1031.

Tomas-Barberan, F.A., Velarde, J.L., Bonfanti, A., Saltveit, M.E., 1997. Early wound-
and ethylene-induced changes in phenylpropanoid metabolism in harvested
lettuce. J. Am.  Soc. Hortic. Sci. 122, 399–404.
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