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ABSTRACT 

Leafy vegetables are the source of many valuable components like vitamins, minerals and phenolic 

compounds as antioxidants. Chlorophyll derivatives have antioxidant and anticarcinogenic activity, or may 

even act as signalling molecules in organisms. However, during the storage of the leafy vegetables in the 

cold and darkness, numerous biochemical changes usually occurs, demonstrated as the breakdown of chlo-

rophyll. Storage ability of plants depends to some extent on the conditions under which plants grew. Lamb’s 

lettuce plants were grown in the greenhouse in different light regimes – emitted  with sodium (HPS-control) 

and LED lamps (100% red, 90% red + 10% blue, 70% red + 30% blue and 50% red + 50% blue light). The 

intensity of radiation at the height of the leaves of the plants was the same in every treatment. After har-

vesting, the plants were stored at the temperature of 5 °C and high humidity in plastic bags. The analyses 

of the material were done four times: after harvest and three times during storage at weekly intervals. Fresh 

weight lost, dry matter, phenolics and chlorophyll content were analysed. Additionally, the fluorescence of 

chlorophyll a was carried out. Changes in plant fresh weight and dry matter content during storage did not 

depend on the lighting used during cultivation. After 3 weeks of storage, higher value of indicator of the 

vitality of PSII (PIABS – Performance Index) was noticed in leaves treated with higher red light intensity 

during cultivation (100%, 90% and 70% red). LED lamps, which emitted 100% and 90% red light, en-

hanced concentration of total phenolics in lamb’s lettuce leaves. Light of HPS lamps decreased radical 

scavenging activity in leaves. Quality and usefulness of plants produced under LED lamps was just as good 

as those grown under HPS lamps. 
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INTRODUCTION 

 

Valerianella locusta Laterr. Em Betcke (Vale-

rianaceae) is a delicate leafy vegetable, which is an 

excellent source of many health-promoting com-

pounds such as vitamins, minerals, folic acid and 

others, therefore it can diversify the human diet in 

winter months (Péron & Rees 1998; Martyniak-

Przybyszewska 2005). However, in autumn–winter 

season in Poland, it is difficult to produce a high 

quantity and quality yield of vegetables without 

supplemental lighting. High-pressure sodium lamps 

(HPS) are the most common artificial source of light 

used in crop production. Due to the high energy con-

sumption HPS lamps are being replaced by alterna-

tive sources, including LED lamps (Massa et al. 

2008). Research on the use of diode light in plant 

cultures has been carried out since the mid-80s of 

the twentieth century (Morrow 2008). Today, mod-

ern SSL LED technologies (Solid State Lighting 

Light Emitting Diode) are increasingly used in var-

ious branches of horticulture, including greenhouse 

production (Trouwborst et al. 2010; Klamkowski et 

al. 2012). It is well known that the presence and the 



 

160                                                                                                                                                                                 A. Kołton et al. 
____________________________________________________________________________________________________________________ 

quality of phytochemical components depend on 

a light factor. Several studies have been reported 

that blue and red LEDs light might be useful for im-

proving antioxidant properties of plants (Jung et al. 

2013). Hogewoning et al. (2010) studied photosyn-

thesis in Cucumis sativus leaves grown under LED 

light with different ratio blue/red, and showed, that 

in the blue range 0-50% photosynthetic capacity 

(Amax) was gradually increasing what was associated 

with increase of nitrogen and chlorophyll content 

per unit of leaf area. Hence, it would be interesting 

to investigate the effect of supplementary red + blue 

LED lighting (of different ratio) on some pro-

healthy parameters and chlorophyll content in Vale-

rianella locusta leaves. Many studies concerning 

quality parameters of vegetables are carried out on 

the final product immediately after harvesting. 

However, content and composition of nutrients can 

be strongly modified during storage (Wills et al. 

1998). Leafy vegetables are especially sensitive to 

storage conditions, which accelerate the senescence 

processes. The most visual sign of senescence is leaf 

yellowing caused by chlorophyll degradation. Fluo-

rescence of chlorophyll is a good indicator of leaf se-

nescence, because it allows to evaluate the physio-

logical state of tissue even before visual symptoms of 

aging (Lichtenthaler & Babani 2004). Li & Kubota 

(2009) and Samuoliene et al. (2012) postulated that 

supplemental LED light could be used to enhance 

growth and nutritional value of baby leaf lettuce. 

The aim of this study was to examine the effect 

of supplemental LED lighting (red + blue) used in 

Valerianella locusta greenhouse cultivation on the 

changes in phenols and chlorophylls content as well 

as on fresh weight lost and dry matter content during 

3 weeks storage in temperature 5 °C. Additionally, 

the fluorescence measurements of chlorophyll a 

were carried out. 

 

MATERIALS AND METHODS 

 

Experiment was carried out in the greenhouse 

at Faculty of Horticulture, Agricultural University 

in Krakow. Valerianella locusta Laterr. Em Betcke 

‘Nordhollandse’ was studied. Seeds of the lamb’s 

lettuce were sown twice into peat substrate (Klass-

mann KTS-2) on 1st October and 13th December 

2013, for autumn and winter production. In each 

term, 10 days after sowing the supplemental light-

ing was implemented (16 h day/8 h night). Five ex-

perimental light treatments (320 plants each) were 

studied. The following treatments using Solid State 

Lighting Light Emitting Diodes (SSL LED) lamps 

(100 W) emitting: 1. 100% red, 2. 90% red + 10% 

blue, 3. 70% red + 30% blue and 4. 50% red + 50% 

blue light were tested. Light was emitted by Osram 

OSLON SSL-80 series LED diodes: hyper red (660-

670 nm) and deep blue (430-440 nm) placed under 

the lens of 30° beam angle. LED lamps were placed 

at a distance of 50-60 cm above plants. In the fifth 

treatment, sodium lamp (600W) as a control was 

used (Elektro Valo Oy, Lady bird, Netafim Ltd.). 

HPS lamps were placed at a distance of 100-110 cm 

above plants. In all treatments during artificial light-

ing, photosynthetic photon flux density at the plant 

level was 200 μmol·m-2·s-1. For the measurement of 

the photosynthetic photon flux density, light quan-

tum sensor LI-250 equipped with a probe LI-190 SA 

was used. Plants were harvested on 6th December 

2013 in autumn and 21st February 2014 in winter 

production. 

The whole rosettes of lamb’s lettuce were col-

lected in the morning and transferred to the labora-

tory. Taken analyses were indicated as term 0. The 

remaining part of the material was put into bags 

(each treatment in four tight polyethylene bags), 

weighed and transferred to a refrigerator (tempera-

ture 5 °C, darkness). After 1 week the material was 

pooled, weighed and analyses were performed as 

a term 1. The procedure was repeated after 2 and 

3 weeks of storage. In each of the four terms, the 

measurements of the fluorescence of chlorophyll a 

were made with Handy Pea fluorymeter (Hansatech 

Instruments Ltd. UK). Before the measurements, 

leaves were dark adapted for 30 min. The measure-

ments were carried out with saturation radiation 

of 1500 µmol·m-2·s-1 for 1 s. Two parameters of 

chlorophyll a fluorescence are presented in this pa-

per: maximum quantum efficiency of photosystem-

II (Fv/Fm) and indicator of the vitality of PSII 

(PIABS – Performance Index) (Strasser et al. 2004). 

The content of total phenolic compounds and the 

groups of phenylpropanoids, flavonols and anthocy-

anins were analysed with spectrophotometric method 
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according to Fukumoto & Mazza (2000). Chloro-

genic acid, caffeic acid and quercetin were used as 

the standards for total phenols, phenylpropanoids 

and flavonols, respectively. Anthocyanin content 

was expressed as the cyanidin, according to its mo-

lar extinction. Concentrations of phenols were cal-

culated and expressed in mg of standards per 100 g 

of fresh tissue. The concentration of chlorophylls 

and total carotenoids were determined in acetone 

extracts according to Wellburn (1994). Dry weight 

content of studied objects was also analysed. The 

ability of the tested plants to scavenge 2,2-diphenyl-

1-picrylhydrazyl (DPPH) free radicals was meas-

ured in methanol extracts as in Pekkarinen et al. 

(1999). In addition, loss of plant fresh weight after 

successive weeks of storage was calculated. 

All chemical analyses were performed in trip-

licate or quadruplicate. Analysis of the fluorescence 

of chlorophyll a was performed in 10 replicates. The 

results were statistically verified with STATIS-

TICA10. Means were compared using one-way 

ANOVA module. Following the rejection of the 

null hypothesis of equality of means, the post-hoc 

LSD-Fisher test was used to determine the differ-

ences between means. All analyses were made at 

significance level α = 0.05. 
 

RESULTS 
 

Two series of the experiment were performed: 

in autumn and winter. Because of the similarity of 

dependencies obtained in both series (data not 

shown), the presented results include an averages of 

all measurements of two series of experiments. 

During storage, the decrease of plant fresh 

weight was observed (Table 1) but no significant 

differences were found between light treatments in 

each term of analyses. A similar dependence of dry 

matter content on experimental factors was stated 

(data not presented). 

Plants obtained at different light treatment had 

similar Fv/Fm parameters in each term of study 

(data not presented), but gradually decrease of 

Fv/Fm was observed during storage, similarly PIABS 

value decreased with time (Table 2). Interestingly, 

during the third term of measurements higher inten-

sity of red light before harvest (100%, 90% and 70% 

red) ensured a higher value of PIABS index (Fig. 1, 

Table 2). 

 

Table 1. Fresh weight loss (%) of lamb’s lettuce leaves 

during storage (n = 8); given are means of two repetitions 

of the experiment, in autumn and winter 

 

Treatment 

Weight loss (%) 

After 

1 week 

of storage 

After 

2 weeks 

of storage 

After 

3 weeks 

of storage 

100% RED 0.44 a* 0.86 a 1.11 a 

90% RED 0.81 a 0.57 a 1.80 a 

70% RED 0.85 a 0.78 a 1.37 a 

50% RED 0.76 a 1.12 a 1.39 a 

HPS 0.74 a 0.89 a 1.48 a 

Mean 0.72 A** 0.84 A 1.43 B 

*Small letters indicate homogenous groups separated with 

α = 0.05 in columns 

**Capital letters indicates homogenous groups separated with 

α = .05 in line  

 

 

Fig. 1. Indicator of the vitality of PSII (PIABS – Perfor-

mance Index) in lamb’s lettuce leaves during experiment 

(n = 20); given are means from two repetitions of exper-

iment, in autumn and winter. Letters indicate homoge-

nous groups separated with α = 0.05 for each term sepa-

rately, lack of letters indicates no differences 
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Table 2. Maximum quantum efficiency of photosystem II 

(Fv/Fm) and indicator of the vitality of PSII (PIABS – Per-

formance Index) of lamb’s lettuce leaves during experi-

ment (n = 100), given are means from two repetitions of  

experiment 

 

Treatment Fv/Fm PIABS 

At harvest 0.837 d* 5.77 d 

After 1 week storage 0.830 c 4.26 c 

After 2 weeks storage 0.819 b 3.28 b 

After 3 weeks storage 0.812 a 2.83 a 

*Letters indicate homogenous groups separated with 

α = 0.05 in columns 

 

Lamb’s lettuce leaves grown under HPS lamps 

contained less phenolics (total) than those grown 

under LED lamps emitted 100% RED and 90% 

RED light (Fig. 2), but significant influence was ob-

served only for 90% RED ones. Two other LED 

light treatments did not influence the concentration 

of phenolic compounds in comparison to control. 

Accumulation of phenylpropanoids was observed in 

leaves grown at 100% and 90% RED compared to 

HPS ones. Flavonols and anthocyanins concentra-

tions were similar in all treatments. Radical scav-

enging activity was the lowest in the leaves har-

vested from HPS lamps. Significant increase of 

RSA was observed in leaves lightened with 100%, 

90% and 50% RED LED lamps. 

Leaves of lamb’s lettuce are a source of dietary 

chlorophylls and carotenoids. Unfortunately, chlo-

rophylls gradually decomposed during long storage, 

but the carotenoid content remained unchanged (Ta-

ble 3). A light composition during plants growth did 

not affect the content of pigments at storage. 

 

 
 

Fig. 2. Content of total phenols and groups: phenylpro-

panoids, flavonols and anthocyanins (mg·100 g-1 f.w.) and 

also radical scavenging activity (RSA) with DPPH radical 

(%) of lamb’s lettuce leaves during experiment (n = 20-24); 

given are means from two repetitions of the experiment: in 

autumn and winter. Letters indicate homogenous groups sep-

arated with α = 0.05 for each parameter separately. Lack of 

letters indicates no differences. 

 

Table 3. Total chlorophylls and carotenoids contents (mg·g-1 f.w.) in lamb’s lettuce leaves during storage (n = 6); 

given are means from two repetitions of the experiment: in autumn and winter 

 

Treatment 

Total chlorophylls (mg·g-1 f.w.) Total carotenoids (mg·g-1 f.w.) 

At 

harvest 

After 1 

week stor-

age 

After 2 

weeks 

storage 

After 3 

weeks 

storage 

At 

harvest 

After 1 

week 

storage 

After 2 

weeks 

storage 

After 3 

weeks 

storage 

100% RED 1.033 a* 1.060 a 0.951 a 0.959 a 0.180 a 0.187 a 0.186 a 0.203 a 

90% RED 0.999 a 1.077 a 1.025 a 1.011 a 0.185 a 0.193 a 0.198 a 0.208 a 

70% RED 1.164 a 1.019 a 1.048 a 1.086 a 0.209 a 0.198 a 0.205 a 0.215 a 

50% RED 1.086 a 1.125 a 0.986 a 0.930 a 0.200 a 0.206 a 0.195 a 0.198 a 

HPS 1.128 a 1.032 a 1.030 a 0.863 a 0.202 a 0.189 a 0.201 a 0.187 a 

Mean 1.082 C** 1.062 BC 1.008 AB 0.970 A 0.195 A 0.194 A 0.197 A 0.202 A 

*Small letters indicate homogenous groups separated with α = 0.05 in column 

**Capital letters indicate homogenous groups separated with α = 0.05 in line for each parameter separately 
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DISCUSSION 

 

Phenolic compounds are considered as very ef-

fective antioxidants. However, among this large 

group, compounds with high and low antioxidant 

properties can be identified. Flavonols and anthocy-

anins are considered as the most effective antioxi-

dants due to the large quantity of OH groups and 

double bonds in molecules (Michalak 2006). The 

contents of these two groups of phenols were simi-

lar in all tested plants regardless of light conditions 

during growth. However, different abilities to scav-

enge DPPH free radicals between the tested objects 

were demonstrated. According to Sharma & Bhat 

(2009), this may be related to the property and con-

tent of ascorbic acid, which has the ability to neutral-

ize DPPH. Phenolic compounds, mainly phenylpro-

panoids, may be a substrate for polyphenoloxidase 

(PPO), what can be connected with the enzymatic 

browning (Hisaminato et al. 2001). At the same time, 

this group of phenolic compounds has lower antioxi-

dant properties. Therefore, objects grown at 100% 

RED and 90% RED can be counted as those with the 

lower storage ability, because they accumulated 

highest amounts of phenylpropanoids. Phenolics in 

high concentrations increase the antioxidant proper-

ties in vitro on the one hand, but on the other it is not 

obvious whether recommending of a large amounts 

of polyphenolics in foods is beneficial due to their 

pro-oxidative properties (Halliwell 2007). 

Weight loss of vegetables during storage may 

be result of water loss or increased respiration (Paull 

1999; Nicola et al. 2004). In this study, decrease in 

lamb’s lettuce fresh weight during storage was also 

observed, but it was not resulted from light source 

during growth. A lack of dry weight increase ex-

cludes a drastic loss of water through the storage. 

Chlorophylls content in lamb’s lettuce leaves 

decreased in our experiment with the length of stor-

age. Spinardi & Ferrante (2012) reported that con-

tent of chlorophylls did not change during 14-day-

storage of baby leaf lettuce at 4 °C in darkness. Also 

study of Spinardi et al. (2010) showed lack of sig-

nificant chlorophylls changes in both spinach and 

baby leaf lettuce leaves after one week of storage at 

4 °C and in darkness. In contrary, in Ferrante 

& Maggiore (2007) study, chlorophylls contents 

significantly decreased in lamb’s lettuce leaves after 

8 days of storage at 4 °C and in darkness from about 

1.8 to 1.5 µg·mg-1 f.w. Decrease of carotenoids con-

tent was from 21 to 19 µg·mg-1 f.w. Contents of both 

pigments remained at similar level during second 

week of storage. Effect of different light source used 

during lamb’s lettuce cultivation on chlorophylls and 

carotenoids content was not observed in our study. 

According to Panda & Sarkar (2013) among 

the different chlorophyll a fluorescence parameters, 

the Performance Index (PIABS) could be used with 

a greater accuracy to estimate leaf senescence of 

rice. In our study both fluorescence parameters, 

Fv/Fm and PIABS, decreased gradually during 

3 weeks of storage of lamb’s lettuce similarly as in 

Ferrante & Maggiore (2007) study in which lamb’s 

lettuce was stored at 10 °C for 15 days. In our study, 

no significant effect of light source during growth 

in the greenhouse on the value of Fv/Fm was ob-

served. The only negative effect after three weeks 

of storage was found on plants grown under HPS 

lamps and 50% RED LEDs that had lower PIABS val-

ues than those grown at higher share of red light. 

 

CONCLUSIONS 

 

Quality and ability to storage of Valerianella 

locusta plants cultivated under LED lamps emitting 

light of different red/blue spectrum was at least as 

good as of plants cultivated under HPS lamps. 
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