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Abstract
Relationship between dietary habits and disease risk was demonstrated by numerous epidemiological studies which led
to the conclusion that food has a direct impact on health. On the other hand, recent researches established some
correlations between the consumption of fresh fruits and vegetables and their health benefits. Lettuce (Lactuca sativa
L.) is an important dietary leafy vegetable mainly consumed fresh or in salad mixes for its good taste, but also because
it is perceived as being amongst healthy food since a number of lettuce varieties have been investigated and reported to
contain some compounds with antioxidant activities.
Lettuce cultivation has been greatly expanded in recent times, so that researchers have been looking for solutions for
growing it in confined spaces using artificial LED lighting (light emitting diodes). The objective of this research was to
investigate the effect of LED lighting on biochemical characteristics of some lettuce varieties in order to establish the
best light treatment during cultivation for enhancing the plants growth, yield and nutritional value. Different
combinations of LED wavelengths against conventional light sources were investigated and the researches performed
demonstrated that LEDs variably influenced growth characteristics and increased biochemical compounds content in
the analyzed lettuce varieties.
Key words: chlorophylls, LED lighting, lettuce, sugars, total phenolics.

INTRODUCTION

Lettuce cultivation has been greatly expanded
in recent times, but farmers are faced with price
increases to provide additional lighting in
greenhouses, especially when the light is low,
because using fluorescent or incandescent
lamps causes high power consumption.
Although these light sources induce an increase
of photosynthesis levels, they are not as
energetically efficient as desired. Moreover,
spectral quality influences plant growth and
development, but the previously mentioned
light sources do not offer the option of spectral
manipulation (Bantis et al., 2016). LED (light
emitting diodes) technology presents numerous
advantages such as long life, small volume, low
heat emission, adjustable light intensity, high
energy-conversion efficiency and wavelength
specificity (Morrow, 2008; Massa et al., 2008).
Along with LED energy-saving and
functionality, their safety for environment
should be mentioned (Olle & Viršile, 2013) in
the context in which the public interest in

In recent years relationship between dietary
habits and disease risk was demonstrated by
numerous epidemiological studies so that many
researchers have shown an increased interest in
vegetables and fruits, not only due to their
nutritional value, but also to their content in
active ingredients capable of providing health
benefits (Kris-Etherton et al., 2002; Gundgaard
et al., 2003; Balan et al., 2016; Pinela et al.,
2016).
Lettuce (Lactuca sativa L.) is an important
dietary leafy vegetable mainly consumed fresh
or in salad mixes for its good taste, but also
because it is perceived as being amongst
healthy food. It is a good source of fibre, iron,
folate, vitamin C and various other healthbeneficial bioactive compounds. Different
studies reported anti-inflammatory, cholesterollowering and anti-diabetic activities attributed
to the bioactive compounds in lettuce (Hedges
& Lister, 2005; Kim et al., 2016).
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environmental protectionis a priority of any
activity nowadays (Moteva, 2016).
However, one of the most highlighted LEDs
advantages is the possibility to select only
specific light wavelengths and therefore to
optimize the spectral quality for various plants
and different physiological processes such as
growth, flowering, photosynthetic efficiency
(Olle & Viršile, 2013). Red and blue light are
the basal component in lighting spectra for
green vegetables; exclusive red light is
sufficient for normal plant growth and
photosynthesis (Goins et al., 2001) while far
red light is important for photomorphogenetic
processes and also promotes plant growth (Olle
& Virsile, 2013). Blue light also causes
positive
effects
on
green
vegetable
morphology, growth and photosynthesis
activating cryptochrome system and matching
chlorophyll and carotenoids absorption spectra
(Yanagi et al., 1996). Using red LED light to
power photosynthesis has been widely accepted
mainly because there was indicated that red
wavelengths are efficiently absorbed by plant
pigments (Sager & McFarlane, 1997).
The other main wavelength included in early
studies has been in the blue region of the
visible spectrum. The amount of blue light
required and optimal for different species were
investigated. Blue light has a variety of
important photomorphogenic roles in plants,
such as phototropism (Blaauw & BlaauwJansen, 1970) and stomatal opening (Schwartz
& Zeiger, 1984).
Knowledge on the response of vegetable plants
to light quality allows growers to influence one
or the other side of growth and development
processes.
As light emitting diodes represent a promising
technology for the greenhouse industry some
plant species such as lettuce (Kim et al., 2004;
Li & Kubota, 2009; Ouzounis et al., 2015),
sweet basil (Fraszczak et al., 2014), tarragon
(Enache & Livadariu, 2016), cucumber and
tomato seedlings (Brazaityte et al., 2009;
Brazaityte et al., 2010) have been tested with
good results. It seems that using LED lighting
provide high productions, shortening the crop
cycle, uniform plant development, good
quality, low water consumption and finally
leads to an overall reduction in crop production
costs.

The objective of this research was to
investigate the effect of LED lighting on
biochemical characteristics of some lettuce
varieties in order to establish the best light
treatment during cultivation for enhancing the
plants growth, yield and nutritional value.
Biochemical determinations of the content in
nutritive compounds (sugars, proteins) and
antioxidants (vitamin C, total phenolics,
chlorophylls, carotenoids) were performed on
the fresh leaves. Thus, the study was also
designed to improve knowledge concerning the
nutritional value of some lettuce varieties and
their potential to provide essential nutrients,
which can improve health-related quality of
life.
MATERIALS AND METHODS
The experiment was conducted in the NFT
(Nutrient Film Technologies) cultivation
department from the experimental greenhouse
of the Hortinvest Research Centre - USAMV
Bucharest in April-May period.
As biological material two lettuce varieties
were used. Lettuces are grouped in different
commercial types according to some agronomic
characteristics, like the capacity for sprouting,
the consistency of the leaves or the adaptation
to a given season.

Figure 1. Experimental variants ʻTouareg F1ʼ
(Control, LED 1, LED 2)

The researches included in the present paper
were performed on green lettuce ʻTouareg F1ʼ
(Figure 1) and on classic ʻLolloBiondaʼ (Figure
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2) which is a green-leaved lettuce with strongly
curled leaves. The lettuce plants were
cultivated using different sources of light.
Observations and determinations were made at
the end of the culture cycle, when the salad
plants
have
achieved
consumption
characteristics.
Figure 4. LED 2 installation

The spectral composition of the LED
installation was:
• LED 1 installation- 70% red LEDs (640
nm) in combination with 30% blue
LEDs (430 nm) (Figure 3);
• LED 2 installation- 30% red LEDs (640
nm) in combination with 70% blue
LEDs (430 nm) (Figure 4).
Biochemical determinations of the content in
nutritive compounds (sugars, proteins) and
antioxidants (vitamin C, total phenolics,
chlorophylls, carotenoids) were performed in
triplicate using fresh leaves.
The extractions were conducted according to
the protocol used for each determination.
Total soluble sugars were estimated according
to the Somogyi-Nelson method (Iordachescu &
Dumitru, 1988; Somogyi, 1952). Hydrolysis
with hydrochloric acid was performed in order
to transform non-reducing sugars in reducing
ones which were heated with alkaline copper
tartrate so that cuprous oxide was formed. The
addition of arsenomolybdic acid determined the
formation of molybdenum blue complex. The
measurements of absorbance were made at 620
nm. The results were expressed in g% fresh
weight.
Crude protein was determined after the
digestion of the organic matter with sulfuric
acid in the presence of a catalyst (Iordachescu
& Dumitru, 1988; Kjeldahl, 1883). The content
in total nitrogen was measured by volumetrical
method. To obtain the crude protein content,
the nitrogen content was multiplied by a
conventional factor (6.25). The results were
expressed in g% fresh weight.
Total phenolics concentration in the extract
was
performed
spectrophotometrically
according to the modified Folin-Ciocalteu
assay (Singleton et al., 1999). The method is
based on the colour reaction of the FolinCiocalteu reagent with the hydroxyl groups.

Figure 2. Experimental variants ʻLolloBiondaʼ
(Control, LED 1, LED 2)

The experimental variants were (Figures 1 and
2):
• Control variant-lettuce plants cultivated
under
natural
illumination,
without
supplemental lighting;
• LED 1 variant - lettuce plants cultivated
under natural illumination + supplemental light
provided by LED 1 installation (Figure 3);

Figure 3. LED 1 installation

• LED 2 variant - lettuce plants cultivated
under natural illumination + supplemental light
provided by LED 2 installation (Figure 4).
LED lighting panels were located at 1.2 m
above the plants. Each panel, 80/60 cm in size,
contained 180 LEDs. Additional lighting
duration: 12 hours/day between 8-20 hours.
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The intensity of the obtained blue colour was
measured at 750 nm. The total phenolics
amount was calculated from the calibration
curve using gallic acid as a standard and the
results were expressed as milligrams of gallic
acid equivalents per 100 grams fresh weight of
extract (mg GAE/100 g fresh weight).
Vitamin C content was evaluated by
spectrophotometric method with a dye solution
of 2.6-dichlorophenol indophenol (Artenie &
Tanase, 1981). Extraction of ascorbic acid was
made in 2% oxalic acid. Absorbance was
measured at 500 nm. Results were expressed as
mg/100 g fresh weight.
Assimilatory pigments content was determined
after chlorophyll and carotenoid pigments were
extracted in 80% acetone. Absorbance was
measured at 663 nm, 647 nm and 480 nm. Total
chlorophylls and total carotenoids have been
calculated using the extinction coefficients and
equations described by Schopfer (1989). The
results were expressed in mg/100 g fresh
weight.
Dry matter content was analysed by
gravimetric method with oven drying: samples
had been dried to constant mass at (105 ± 5)oC
and the loss of weight is used to calculate the
dry matter content of the sample.
Statistical analysis were made using One-way
Analysis of Variance (ANOVA). The
measurements were done in triplicate and all
the data were expressed as mean ± S.D.
Differences at P < 0.05 were considered
significant.

(photosynthetic photon flux). Leaf morphology
was abnormal for lettuce plants grown under
red light alone with downward curling of leaf
margins and spiral growth of the rosette, but
inclusion of blue light at any level restored
normal leaf morphology (Goins et al., 1998).
Analysis of nutritive compounds
The results obtained in the present study
regarding the nutritive compounds (Table 1)
showed that the analysed lettuce varieties
registered similar values of the biochemical
content of the control plants. Thus, similar
values of dry matter content (4.35 g% in
ʻTouaregʼ variety, respectively 4.85 in
ʻLolloBiondaʼ leaves) were registered in the
green lettuce varieties exposed only to natural
lighting, in accordance with results reported in
previous study by Luta et al. (2020) (5.93 g%
dry matter in lettuce cultivated also in
greenhouse). However, total soluble sugars
content was higher in the lettuce leaves of
ʻTouaregʼ variety (0.25 g% FW) compared to
ʻLolloBiondaʼ leaves (0.12 g% FW). The
amounts of crude protein determined in the
salad lettuce (1.46 g% FW in ʻTouaregʼ,
respectively 1.21 g% FW in ʻLolloBiondaʼ)
were comparable to the ones reported by other
studies
which
showed
that
protein
concentrations in green lettuce leaves were
influenced by growing season in floating raft
culture (13.2-16.5 mg/g FW in spring season
and 10.2-15.2 mg/g FW in summer season)
(Fallovo et al., 2009).
Instead, supplementing the light source with
artificial LED enhances the accumulation of
nutritive compounds in the studied varieties of
lettuce, higher values being registered for both
dry matter, sugars and protein content
compared to the control plants.
LED 1 lighting leads to an increase of sugars
content with 70% in ʻTouaregʼ variety and with
almost 80% in ʻLolloBionda compared to
control variants (Table 1). Also, proteins
content registered higher values in the lettuce
plants cultivated under LED 1 exposure, the
increase being of 14% in ʻTouaregʼ,
respectively 26% in ʻLolloBiondaʼ variety.
LED 2 lighting determined changes in the
chemical composition of lettuce leaves too, but
the results are different. Thus, a lower
accumulation of the sugars in the lettuce plants

RESULTS AND DISCUSSIONS
The most important factor influencing plant
growth is light exposure. Light can condition
the development of plant through intensity,
duration and spectral composition. The light
spectrum radiation is selectively absorbed by
chlorophyll pigments, so light quality directly
influences
physiological
and
chemical
processes in plants. Yanagi et al. (1996)
reported that lettuce plants cultivated under red
LEDs alone had more leaves and longer stems
than plants grown under blue LEDs only. Yorio
et al. (1998) showed that yield of lettuce crops
grown under red LEDs alone was reduced
compared to variant with blue fluorescence
included to give the same final PPF
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was registered under these conditions compared
to the LED 1 variant (for 1.6 times lower in
ʻTouaregʼ variety, respectively for 1.2 times
lower in ʻLolloBiondaʼ variety), but significant
increased compare to control plants were noted
(Table 1). Instead the proteins content

registered in the LED 2 variants were similar to
those measured for the control plants.
No significant differences between LED
variants were noted regarding the dry matter
content in both studied lettuce varieties.

Table 1. Variability of some nutritive compounds in the leaves of Lactuca sativa varieties
Lactuca sativa

Samples
Control
LED 1
LED 2

Dry weight
(g%)
4.35 ± 0.16a
5.04 ± 0.20b
5.56 ± 0.24b

Total soluble sugars
(g% FW)
0.25 ± 0.01a
0.83 ± 0.05b
0.51 ± 0.03c

Crude protein
(g% FW)
1.46 ± 0.08a
1.70 ± 0.09b
1.43 ± 0.08a

var. ʻTouaregʼ

var. ʻLolloBiondaʼ

Control
LED 1
LED 2

4.85 ± 0.20a
5.25 ± 0.19b
5.12 ± 0.16b

0.12 ± 0.01a
0.58 ± 0.03b
0.47 ± 0.02c

1.21 ± 0.05a
1.65 ± 0.07b
1.20 ± 0.05a

Note: Data expressed as mean values (n = 3) ± standard deviation; different superscript letters within the same column and variety indicate significant
differences (P < 0.05).

These results demonstrate that LEDs variably
influenced biochemical characteristics in the
lettuce plants pointing out that LED light with
predominantly red component enhances
photosynthesis
process
therefore
the
accumulation of metabolites. Red light usually
is the basal component in lighting spectra and
using red light alone is sufficient for a good
plant growth and development (Olle & Viršile,
2013). However, different wavelengths of red
light might have different effects on plants.
Goins et al. (2001) showed that biomass yield
of the lettuce plants increased when the
wavelength of red LED increased from 660 to
690 nm.
At the same time, positive effects of blue light
were also demonstrated on green vegetable
morphology, growth and photosynthesis
(Yanagi et al., 1996).

times higher in ʻTouaregʼ variety and 1.32
times higher in ʻLolloBiondaʼ variety compared
with control plants.
Exposure at LED 2 combination leads also to
higher amounts of vitamin C compared to
control plants for ʻTouaregʼ variety (for 2.26
times higher), while no significant difference
was registered in ʻLolloBiondaʼ leaves (Figure
5).

Analysis of antioxidant compounds
For the control plants the lowest amount of
vitamin C was recorded in the ʻTouaregʼ lettuce
leaves (3.43 mg/100 g FW) compared to
ʻLolloBiondaʼ (7.89 mg/100 g FW) (Figure 5),
in accordance with data reported by AćamovićDjoković et al. (2011), which found high
variability of vitamin C content in some lettuce
varieties (9.60 mg/100 g FW for Levistro, but
only 3.50 mg/100 g FW in the Murai variety).
LED lighting determined an increase of vitamin
C accumulation in the leaves for both lettuce
varieties,
significant
differences
being
registered with LED 1 light combination: 2.76

Figure 5. Variability of some antioxidants in the leaves
of Lactuca sativa varieties

Note: Data expressed as mean values (n = 3) ± standard deviation; error
bars represent the standard deviation; different superscript letters within
the same variety indicate significant differences (P < 0.05).

Total phenolics contents determined in the
analysed lettuce variety (Figure 5) reached
similar values (55.27 mg GAE/100 g FW in
ʻTouaregʼ, respectively 59.73 mg GAE/100 g
FW in ʻLolloBiondaʼ variety) that correspond
to the values determined by other authors.
For example, Luta et al. (2020) reported 55.36
mg GAE/100 g FW in Lactuca sativa grown in
greenhouse, while Llorach et al. (2008)
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determined values between 18.2-125.5 mg/100
g FW polyphenols studying several varieties of
lettuce.
Analysis performed on lettuce varieties
cultivated under LED lighting showed higher
amounts of phenolics compared to the control
variants. Thus, a significant increase was noted
in the lettuce plants illuminated with LED 1
combination: almost 55% in ʻLolloBiondaʼ
variety, respectively 38% in ʻTouaregʼ variety.
Also LED 2 lighting stimulated the phenolics
accumulation, but the increase was lower in
relation to the values determined in the control
plants: only 15% in ʻTouaregʼ variety and 27%
in ʻLolloBiondaʼ leaves.
Although these results revealed a lower
influence of LED 2 combination (with blue
light added in a larger proportion) on
biochemical compound accumulation, different
authors reported that supplemental blue LED
light leads to increased content of some
antioxidants in green vegetables: polyphenols
(Johkan et al., 2010), vitamin C (Li et al.,
2012), carotenoids and anthocyanins (Li and
Kubota, 2009).

ʻTouaregʼ variety compared to ʻLolloBiondaʼ
variety (41.41 mg/100 g FW chlorophyll and
1.3 mg/100 g FW carotenoids) (Figure 6).
Cultivation of the lettuce plants under LED 1
lighting stimulated chlorophyll accumulation
whose amounts registered increasing in
proportion of 17% in ʻTouaregʼ variety and
26.5% in the ʻLolloBiondaʼ leaves compared to
the control plants.
Also, illumination with LED 2 combination has
resulted in higher amounts of total chlorophyll
in ʻLolloBiondaʼ variety (with 15%) than in
control plants, while in ʻTouaregʼ no significant
effect was registered. However, there are
studies reporting that blue LEDs (440-476 nm),
used alone or in combination with red LEDs,
caused higher chlorophyll ratio and stimulated
biomass accumulation in Chinese cabbage
plants (Mizuno et al., 2011; Li et al., 2012) and
in lettuce (Johkan et al., 2010).
The evolution of carotenoids under LED
lighting is similar: an increase of 20% in the
leaves of ʻTouaregʼ and of 27% at
ʻLolloBiondaʼ variety compare to the control
plants was noted when LED 1 combination was
used. LED 2 lighting produced no significant
differences regarding the carotenoids amount in
both studied lettuce varieties.
CONCLUSIONS
This study shows that the lettuce varieties
analysed are good sources of bioactive
compounds, such as vitamin C and carotenes
and showed promising antioxidant properties,
which are related to their high levels of
phenolics. Their nutritional potential could
make them attractive, given the increasing
awareness of consumers that food is important
for improving well-being and quality of life.
The researches performed revealed that
supplementing the natural light source with
artificial LED enhances the accumulation of
nutritive compounds in the studied varieties of
lettuce, higher values being registered for both
dry matter, sugars and protein content
compared to the control plants.
Additional LED lighting also resulted in higher
amounts of antioxidants like vitamin C,
phenolics, carotenoids and chlorophylls in the
leaves of the lettuce varieties analysed

Figure 6. Variability of assimilatory pigments in the
leaves of Lactuca sativa varieties

Note: Data expressed as mean values (n = 3) ± standard deviation; error
bars represent the standard deviation; different superscript letters within
the same variety indicate significant differences (P < 0.05).

Assimilatory
pigments,
meaning
total
chlorophylls and total carotenoids in the lettuce
varieties were analysed too (Figure 6). The
antioxidant potential of carotenoids and its role
in preventing some cancer are known, however
for chlorophyll also were investigated anticancer activity (Hedges & Lister, 2005).
Analysis of assimilatory pigments content in
the control lettuce plants revealed higher
content of total chlorophylls (51.01 mg/100 g
FW) and carotenoids (1.85 mg/100 g FW) in
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compared to the plants cultivated without
supplemental light.
The highest effects of increasing the bioactive
compounds accumulation in the lettuce leaves
was noted for LED 1 lighting installation, with
predominantly red light in composition.
These preliminary experiments demonstrate
that spectral quality of light can influence
plants development showing a favourable effect
of LED lighting which offers the possibility of
spectral manipulation therefore the LED
technology can be promising for greenhouse
horticulture.
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