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Abstract

Lettuce is a vegetable most consumed and produced on a large scale in the world, it deserves special attention for its nutritional
and functional value. Cultivated in the conventional, hydroponic and organic method, it presents different characteristics in
production, which may influence the composition of this vegetable. It is indisputable that regular consumption of vegetables is
beneficial due to the presence of bioactive compounds with antioxidant properties that protect and promote human health. In
this study, the total phenolic compound, flavonoid, and tannin contents, as well as the antioxidant activities of lettuce samples
from conventional, hydroponic, and conventional cultivars were analyzed. An extract was prepared using 80% acetone. The
contents of total phenolic compounds, flavonoids, and tannins were determined. The antioxidant activity was determined by
the radical capture method using DPPH. It was observed that the organic cultivation system had the highest values of ash,
protein, total phenolic compounds, flavonoids and antioxidant activity, followed by the hydroponic system. The organic system
presented greater protein content and higher content of bioactive compounds, justifying the high antioxidant activity. Therefore,
the organic farming system favors the highest concentration in the content of bioactive compounds and antioxidant activity.

Keywords: nutritional value; vegetables; Lactuca sativa L.

Practical Application: Lettuce is one of the most consumed vegetables among Brazilians and is accessible in three types
of cultivation system, the study shows how the influence of the system of cultivation on its composition and mainly in the
production of bioactive compounds that help in the prevention of the development of diseases. Since organic farming system
has a higher content than the conventional one, and in contrast, it shows that the hydroponic system also has more benefits
than the conventional one.

1 Introduction

The crisphead lettuce (Lactuca sativa L.) is the most consumed
vegetable in Brazil, being considered a horticultural culture of
great consumption (Fernandes et al., 2002). In the world it is
one of the most important green leafy vegetables (Campos et al.,
2019) and consumed on a large scale (Patella et al., 2019), being
produced around 27 million tons per year (Food and Agriculture
Organization of the United Nations, 2019). It is a vegetable that
deserves special interest, not only for its food importance but
also for its nutritional and functional value (Chiconato et al.,
2014). Curly lettuce is a fresh vegetable consumed alone or
in combination with other vegetables ready for consumption,
usually consumed in mixed and fresh-cut salads. Depending on

or excludes the use pesticides, fertilisers or agrochemicals,
synthetic composition fertilizers, growth regulators or other
contaminants, arises as an option of production to highly agricultural
Mechanized and rich in industrial inputs (Kashyap et al., 2017),
which characterize conventional system. Hydroponic vegetables
must necessarily receive nutrients previously dissolved in water,
as they are grown outside their natural environment (soil), in
plastic tubes, where water is circulated containing chemical
fertilizers, and one the systems for fresh leafy green vegetables
with better quality control (El-Nakhel et al., 2019).

Phenolic compounds are phytochemicals that present in

the leaf type and growing conditions, its edible leaves present
high demand for nutrients (El-Nakhel et al., 2019; Oliveira et al.,
2018; Patella et al., 2019).

Its cultivation has been practiced in the conventional, hydroponic
and organic form, which have distinctive characteristics in the
production, and can influence the properties of this vegetable.
Organic cultivation defined as a production system that avoids

vegetable foods and usually present antioxidant properties
(Ketnawa etal., 2020). Among them are the flavonoids (anthocyanins,
flavonoids, flavanols, flavonones, isoflavones), phenolic acids
(derived from hidroxicindmico acid by highlighting the caffeic
acids, ferulic, synaptic, p-cumaric acid; and derivatives of the
acid Hydroxybenzoic, highlighting the vanillic acids, syringic,
Gentisic, Salicylic, ellagic, Gallic) (Shahidi et al., 1992).
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Bioactive compounds of crisphead lettuce

Epidemiological, clinical and in vitro studies show multiple
biological effects related to the phenolic compounds of the diet, such
as: antioxidant activity, antinflammatory, antimicrobial, preventing
heart disease, diabetes, cancer and stroke (Souza et al., 2018).
The efficacy of the antioxidant action of the bioactive compounds
depends on the chemical structure and its concentration in the
food. In lettuce, the content of phenolic compounds (flavonols,
caffeic acids and its derivatives, carotenoids and the vitamins
C and E are the most concentrated) and antioxidant action are
highlighted phytochemicals in greenery is largely influenced by
genetic factors, environmental conditions, production system,
among others. (Ketnawa et al., 2020; Pei et al., 2020). However,
few jobs aim to verify the influence of the type of cultivation in
the antioxidant action of these foods.

The research of risk factors and protection for chronic
diseases by telephone survey-Vigitel (Brasil, 2017), showed
a change in the whole adult population studied, with regular
consumption of fruits and vegetables of 35.2%, being 28.8% in
men and 40.7% in women, lettuce being one of the vegetables
that belongs to the habit of consumption of the population in
general and easily accessible, under various forms of cultivation,
thus constituting an indispensable component of the salads of
the Brazilians.

This study analyzed the physico-chemical composition,
bioactive compounds, among these the contents of total phenolic,
flavonoids and tannins, and the antioxidant activity of the lettuce
from the conventional, hydroponic and organic cultivation
system, the order to provide information about its nutritional
and functional potential, as well as its impact on health.

2 Materials and methods
2.1 Experimental protocol

Samples of lettuce (Lactuca sativa L.) of three cultivation
systems (conventional, organic and hydroponic) were collected
in the retail trade of Teresina and were forwarded and stored
in the laboratory of Bromatology and Food Biochemistry
(LABROMBIOQ) in the Nutrition Department of the Federal
University of Piaui (UFPI), under refrigeration (8 °C) until their
analysis. The lettuces were manually scanned for removal of
impurities and unhealthy lettuces. All analyses were performed
in triplicate in the period from twelve months.

2.2 Proximate composition and total energy value

Moisture was determined until constant weight was observed
after drying in an oven oat 105 °C. Ash content was determined
after calcination of the samples in a muflle furnace at 550 °C
up to constant mass. Protein concentration was determined
using the Macro-Kjeldahl method with a conversion factor
of 5.14 (for plant proteins), and lipid content was determined
by intermittent hot extraction using hexane as a solvent in a
Soxhlet apparatus (Association of Official Analytical Chemists,
2005). Carbohydrate content was calculated using the difference
method, and the total energy value was determined according
to Atwater conversion factors (Atwater & Woods, 1896; Watt
& Merrill, 1963).
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2.3 Bioactive compounds
Extraction

The extracts were obtained according to Rufino et al. (2010).
Thus, 0.5 g of curly lettuce were heavy in centrifugal tubes (50 mL)
with 8 mL of acetone 80% resulted in better extraction yields.

Total phenols, total flavonoids and condensed tannins

The total phenolic compounds content was determined by
spectrophotometric methods; the total phenolics compounds
(Singleton & Rossi, 1965); total flavonoids (Kim et al., 2003),
modified by Blasa et al. (2006); condensed tannins content
(Price et al., 1978).

2.4 Antioxidant activity by the DPPH

The antioxidant activity of the extract was determined
according to Brand-Williams et al. (1995), using, 2.2-diphenyl-
1-picril-Hidrazil (DPPH).

2.5 Statistical analysis

Data analysis was performed using the Statistical Package
program for the Social Sciences (SPSS), version 17.0. The results
are presented in the form of tables with their averages and their
respective standard deviations. There was a difference between
the averages of the centesimal compositions and the condensed
tannin content in relation to the cultivation system was used
the Student t test, while for the total phenolic compounds and
antioxidant activity according to the system of Crops the test
applied was Tukey, at alevel of 5% (p < 0.05), with the confidence
level of 95%, respectively (Hilbe & Robinson, 2013).

3 Results and discussion

In the present study, the centesimal composition was analyzed
for the physicochemical characterization of the crisphead lettuce
(Lactuca sativa L.) in the conventional, hydroponic and organic
cultivation system, as well as the Total energy value. The Table 1
demonstrates the values obtained for the content of moisture,
ash, proteins, lipids, carbohydrates and Total Energy Value (VET)
for the lettuce of the three cultivation systems.

According to the results obtained for moinsture, there was no
statistically significant difference between the lettuce produced
by the conventional, hydroponic and organic cultivation system
whose values ranged from 94.74 to 95.21%. For ashes only
the hydroponic system showed difference between the others
systems with 0.71%. The protein content, a statistically significant
difference was observed between the cultivation systems, in
which the lettuce of the organic cultivation system was the one
that obtained higher protein content with 1.86%.

With regard to the lipid content (Table 1) obtained, a
statistically significant difference was observed between the
lettuce samples, with the lettuce of the conventional cultivation
system presenting higher lipid content (0.80%), followed by the
cultivation Hydroponic (0.66%) and organic farming (0.52%).
Among the samples of the studied lettuces, for the carbohydrate
content, there was no significant difference (p < 0.05) between
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the conventional and organic cultivation systems, in which the
conventional cultivation plant presented a higher carbohydrate
content of 1.97%. However there was statistically significant
difference to the hydroponic system, where the carbohydrate
content was 2.09%.

The small variations of the results can be justified by the
technique of cultivation, soil, climate, fertilizer, as well as the
management of the farmer that can influence the moisture
content of the lettuce, since, the time of stay of the plants of
lettuce in the final phase of the cultivation Influence the moisture
content, which, according to Souza et al. (2019), being expected
in the hydroponic cultivation a higher moisture content, since
its production is grown in water.

In the hydroponic system, lettuce accumulates different
ash levels according to the type of nutrient solution used in
this cultivation system (Fernandes et al., 2002; Fontana et al.,
2018; Souza et al., 2019). This can be explained by the influence
of the nutritional solutions of the hydroponic system in the
proximate composition. Justifying the difference found for the
hydroponic system.

The effect of the production system on the nutritional quality
of crisphead lettuce, obtained higher results for the protein,
ashes and carbohydrate content of the conventional system.
(Fontana et al., 2018; Gontijo et al., 2017).

Gontijo et al. (2017) verified the contents of lipids that ranged
from 0.16 to 0.17%, these being smaller than the results obtained
in this study. The variations of results observed for the lipid
content in the literature are due to the fact that the conditions
of extraction of lipids of the food matrix, the methodology
employed, as well as the type of solvent used in its extraction,
as it may occur the extraction of Pigments interfering with their
quantification.

On the other hand, one of the reasons that can affect
the analysis of lipids is the difference in the concentration of
chlorophyll between the types of cultivation. Due to the different
soil, climatic and physiological conditions resulting or not from
the three cultivation systems, they lead to variations in the levels
obtained in other studies.

For the lettuce of the conventional cultivation system, it was
20.84 kcal or 87.19 KJ. This difference can be explained due to
conventional cultivation lettuce having presented higher lipid
levels (Table 1), reflecting on the increase of the TEV.

However, the highest content of carbohydrates, proteins and
ashes stands out in organic and hydroponic farming systems.
Being very well elucidated in the literature (Fontana et al., 2018;
Gontijo et al., 2017; Rodrigo-Garcia et al., 2019; Souza et al.,
2019; Zambrano-Moreno et al., 2015). In addition, there is
also a difference in the concentration of bioactive compounds
present in vegetables, due to the need of the plant to need more
protective factors against the climate, soil, pests and other factors
that cause stress.

Table 2 demonstrates the contents of total phenolic
compounds, flavonoids and tannins obtained in the lettuce
of conventional, organic and hydroponic cultivation system.
According to the results, a statistically significant difference was
observed between the lettuce of the three cultivation systems
studied, the lettuce of the organic cultivation system presented
the highest total phenolic content (1845.69 mgEAGg™') and
flavonoids (1199.37 mgEQg™) and the conventional cultivation
of the highest tannin content (1.17 mgECg).

Zambrano-Moreno et al. (2015) noted that lettuce from
organic cultivation showed higher levels of phenolic compounds
than the conventional system, with levels of 177.20 mgEAGg™
and 135.94 mgEAGg™, respectively, and these results are smaller
when compared to those of this study (Table 2). However, the
results corresponded with the association of the organic farming

Table 1. Proximate composition (%) and Total Energetic Value (TEV) of lettuce of three different cropping systems. Teresina-PI, Brazil.

. Cropping systems
Nutrients (%)/ TEV (kcal/KJ/100 g) - - -
Conventional Mean + SD Organic Mean + SD Hydroponic Mean + SD
Moinsture 94.82 +3.12° 94.74 + 2.67° 9521 +2.19°
Ashes 0.96 +0.01° 1.01 +0.04* 0.71 £0.01°
Proteins 1.45+0.01* 1.86 +0.03 1.33 +£0.01°
Lipids 0.80 + 0.06° 0.52 £0.02° 0.66 + 0.04°
Carbohydrates (difference method) 1.972 1.86% 2.09¢

TEV (Total Energy Value) 20.84/87.19*

19.62/82.10° 19.62/82.10°

Mean =+ standard deviation was obtained from triplicate measurements. Different letters overwritten in the columns, there is significant difference between means at the level of p < 0.05.

Tukey test. SD: standard deviation.

Table 2. Phenolic content, flavonoid content, tannins content of lettuce of three different cropping systems. Teresina-PI, Brazil.

. . Cropping systems
Bioactive compounds - - -
Conventional Mean + SD Organic Mean + SD Hydroponic Mean + SD
Total Phenolic content (mgEAG'g™) 965.36 + 20.87¢ 1845.69 + 0.00° 1522.02 + 0.00°
Flavonoid content (mgEQ"g™") 937.71 £ 0.032 1199.37 + 0.03° 965.09 + 0.01¢
Tannins content (mgEC"'g™") 1.17 +0.00* 0.21 + 1.66° 0.21 +3.31°

'EAG: Equivalent of gallic acid; "EQ: Quercetin equivalent; "EC: Equivalent of Catechin. Data are presented as mean of three replicates + standard deviation (SD). Equal letters
overwritten between the columns did not present significant difference between the second means, Tukey averages test at the p < 0.05 level.
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system to present higher levels to the other cultivation systems,
especially the conventional system. One of the explanations is
due to the region (northeast of Brazil) of the analyzed lettuces,
characterized by having a different climatic condition, among
them the temperature that has a directly proportional relationship
with the production of phenolic compounds by the vegetables.
Where high temperatures raising the stress levels of the plant
and the higher production of polyphenols.

Studies that are compared to foods obtained by conventional,
organic and hydroponic cultivation systems demonstrate that
organic fruits and vegetables have higher levels of phenolic
compounds (Fontana et al., 2018; Zambrano-Moreno et al.,
2015). Being observed the same results obtained in this study,
where the lettuce of the organic cultivation system presented
the highest content of phenolic compounds (Table 2).

Tiveron (2010) that determined the phenolic composition
of vegetables (legumes and vegetables) consumed in Brazil,
among them lettuce, obtained the highest result of the content
of phenolic compounds for lettuce with 1690 mgEAGg", a
result similar to that verified In this study with the hydroponic
cultivation system (1522 mgEAGg™).

There are several factors that can interfere with the content
of phenolic compounds, among these are seasonal, temperature,
water availability, atmospheric pollution, mechanical damage, attack
of pathogens. These facts justify the differences in the content of
phenolic compounds in the lettuce samples of different systems
cultivating this study, since the agricultural practices adopted in
each cultivation system influence their content (Fontana et al.,
2018; Rodrigo-Garcia et al., 2019; Saloméao-Oliveira et al., 2018).

The content of flavonoids obtained for crisphead lettuce in
this study were higher than in the study Zambrano-Moreno et al.
(2015), which was 90.79 to 100.69 mgEQg". Factors such as
temperature change influence the flavonoid content, where it
was observed that at higher temperatures the levels were also
higher. It is observed that the analyzed samples were grown in
the Northeast region, where it presents high temperatures, a
higher flavonoids content was found.

Leafy green vegetable foods have high concentrations of
flavonoids, which are mainly responsible for the antioxidant
activity of the food. Thus, it is known that the organic and
hydroponic cultivation systems in lettuce are characterized by
having greener leaves, which also favors the greater purchase
intention by consumers (Oliveira et al., 2013; Fontana et al.,
2018; Salomao-Oliveira et al., 2018), when compared to those
of the conventional system. In such a way that the content of
phenolics and flavonoids found in this study, can be explained
by the development of lettuces due to the type of cultivation
system, valuing even more than in different environmental
conditions, such systems are capable of providing a food with
a higher content of bioactive compounds.

The content of tannins can vary according to climatic and
geographical conditions, maturation, part collected, among
others, and may present a varied chemical composition, being
often little known. The analyzed lettuces showed small levels of
tannins, being positive to contribute to the sensory aspects of
the food making it tastier.
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The antioxidant activity of the lettuce in the organic,
hydroponic and conventional cultivation systems analyzed
by the capture method of the radical DPPH, is exposed in
Table 3, expressed in pmolTEACg™. It was found that among
the cultivation systems Studied, there was significant difference
(p <0.05), in which the lettuce of the organic cultivation system
was the one that presented greater capacity of reduction of the
radical DPPH (4075.28 umolTEACg™), giving the same, greater
antioxidant activity, followed by the lettuce of the Hydroponic
and conventional cultivation, with contents of 3074.30 and
2136.88 umolTEACg, respectively.

A possible justification for organic cultivation lettuce to
obtain greater antioxidant activity among the others, was due to
the higher content of total phenolic compounds (Table 2) thus
contributing to greater inhibition capacity of the DPPH radical.

In the study of Tiveron (2010) which determined the antioxidant
activity of plant foods (legumes and vegetables) consumed in
Brazil, it was obtained for lettuce 54.9 umolTEACg, this lower
content, to the verified in this study. Zambrano-Moreno et al.
(2015) that determined antioxidant activity in organic and
conventional greenery, demonstrated greater activity of organic
vegetables, among them lettuce, in reducing the DPPH radical
when compared with conventional system with the results
obtained in this research. The same result was observed by
Rodrigo-Garcia et al. (2019) in the hydroponic cultivation system.

Observing the data presented in the literature, where
vegetables, such as lettuce, which received higher concentrations
of nitrogen had leaves with a more intense green color
(Rodrigo-Garcia et al., 2019; Sapkota et al., 2019), greater
antioxidant activity (Zambrano-Moreno et al., 2015). In addition
to having increased concentrations in the contents of phenolics
and flavonoids, in organic and hydroponic cultivation systems
compared to the conventional system. Thus, the lettuce of the
organic cultivation system also presented higher protein content
(Table 1) and phenolic compounds (Table 2), these two factors
contributing to its greatest antioxidant activity (Table 3).

The antioxidant activity is dependent on the species,
geographical origin, agricultural practices employed as well as
the cultivation system, justifying the variations in the results
obtained in the present study with the literature. With sample
factors studied as high temperatures, protein content (nitrogen
content) and higher levels of phenolic compounds, these contribute
to greater antioxidant activity.

On the other hand, some of the variables such as nitrogen
content can be controlled by the cultivation systems, increasing

Table 3. Antioxidant capacity by the radical capture method in lettuce
from three cropping systems. Teresina-PI, Brazil.

DPPH (umolTEAC*g")

Cropping systems Mean = SD
Conventional 2136.88 + 50.812
Organic 4075.28 + 50.84°
Hydroponic 3074.30 + 50.79°

*TEAC = Trolox Equivalent Antioxidant Capacity. Data are presented as mean of three
replicates + standard deviation (SD). Equal letters overwritten between the lines did
not present significant difference between the second means, Tukey’s mean test at the
p < 0.05 level.
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the concentrations of phenolic compounds and nutrients
present in the lettuce, especially the flavonoids, which can make
the appearance of the vegetables more attractive, both in the
cultivation system. organic and conventional farming system.

4 Conclusions

The curly lettuces presented good moisture and ash content
in all analyzed cultivation systems. The lettuce of the conventional
cultivation system presented greater content of lipids, whereas
the organic cultivation presented greater protein content and
the hydroponic cultivation increased carbohydrate content.
The Total Energy Value (TEV) was greater to those observed in
studies that determined the composition of the lettuce.

The crisphead lettuces from the hydroponic and organic
cultivation system had a higher total phenolic content and higher
antioxidant activity compared to the conventional cultivation
system. These results highlight the findings in the literature and
allow a broader look at the benefits that these cultivation systems
can provide for health and even the acceptance of lettuce for
consumption.
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