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Abstract

Butter head lettuce (Lactuca sativa L.), a leafy vegetable commonly used in salads is characterized by its ability
to accumulate high level of nitrate. Accumulation of nitrate in the edible part of the plant causes nitrate toxicity.
Indeed, use of artificial light during storage, exploring new approach to prevent accumulation of nitrate. The
objective of this study was to determine how light exposure during storage prevents accumulation of nitrate in butter
head lettuce. Minimally processed lettuce in the form of leaf discs were stored in the dark and under fluorescent light
at 5, 10 and 15 µmol m-2s-1 at 10°C (95% RH) for 14 days. The light treatments were provided for 12 hour’s photo
period. Light exposure during storage significantly prevented nitrate accumulation, delayed degradation of
chlorophylls and extends shelf life. In contrast in the darkness, nitrate content was accumulated while chlorophyll
level was degraded. The delayed accumulation of nitrate under light can be because of the higher accumulation of
soluble sugars, as changes in nitrate level and soluble sugar were found reverse. In conclusion, light exposure in the
level applied successfully prevented nitrate accumulation, increasing the level of soluble sugars and delayed loss of
chlorophyll pigment.
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Introduction
Lettuce (Lactuca sativa L.) is one of leafy vegetable which is

commonly used in salads. In lettuce production, nitrogen fertilization
is commonly used for proper green pigment retention and leaf growth.
However, lettuce is characterized by its ability to accumulate high level
of nitrate [1]. Indeed, the higher amount of nitrate accumulation is
noticed in butter head lettuce [2]. The extent of nitrate accumulation in
lettuce is affected by different factors. An external factor such as the
dosage of N-fertilizer application is the major factor determining the
amount of nitrate accumulation in the leaves tissue [3]. Therefore,
accumulation of nitrates in the leaves increased with nitrogen fertilizer
supply [4]. Accumulation of nitrates in lettuce also has been observed
to be affected by light intensity. Lettuce grown in the lower light
intensity accumulates the higher level of nitrate [1,5,6]. The increased
nitrate at low light intensity is due to reduced activity of nitrate
reductase [7]. Hence, increasing light intensity enhances nitrate
metabolism by increasing nitrate reductase activity and decreasing the
accumulation in leaves [8,9]. Moreover, nitrate assimilation can be
determined by photosynthesis since photosynthetic processes provide
sugars (carbon skeleton) which are vital to integrate the ammonium
mobilized from nitrate reduction and electrons required for reduction
of nitrates into nitrites [8]. The level of nitrate accumulation in lettuce
can be differed in various plant parts. In butter head lettuce the higher
content of nitrate is reported in the leaves [2,3]. Lettuce is commonly
consumed raw as fresh cut, high accumulation of nitrate in the edible
part of the plant causes nitrate toxicity leading to health problem.
Nitrate toxicity is related to meta hemoglobinaemia, when nitrate is
converted into nitrites that oxidize hemoglobin and resulted shortage
of oxygen transport through blood [10]. In addition, the higher level of

nitrate concentration decreases the level of ascorbic acid and reduces
nutritional quality. Therefore storage techniques that prevent
accumulation of nitrate and increases nutritional quality of fresh
produces needs to be developed. Different strategies can be used to
prevent accumulation of nitrate in lettuce. However use of artificial
light during storage, exploring new approach to prevent accumulation
of nitrate [11]. Furthermore post-harvest light exposure of leafy
vegetables is getting more popular and suppresses quality losses
[12-15]. Similarly in fresh cut lettuce species, beneficial effects of light
provision during storage has been reported by several studies [15-18].
The objective of this study was to determine how light exposure during
storage affects nitrate content in minimally processed lettuce.

Materials and Methods

Plant material and storage conditions
Butter head lettuce (Lactuca sativa L.) heads were purchased from

supermarket. The lettuce heads were selected for uniformity of head
size and leaf color. The outer old, damaged and core leaves were
removed using sharp knife. Leaves from the middle layer of lettuce
head excluding the major vein and midrib were cut into uniform size
pieces. Cellular liquids produced during cutting were carefully washed
by tap water. After leaf shreds were air dried at room temperature
(20°C) for 10 minutes, leaf shreds were minimally processed in the
form of leaf discs (1.5 cm diameter). The leaf discs were randomly put
in 12 glass petri-dishes (12 cm diameter) with seven leaf discs per
petri-dish. The bottoms of the petri-dishes were lined with wetted what
man paper, to prevent desiccation of water from the leaf discs. The
petri- dishes were sealed with a transparent plastic contained 2 holes of
0.05 cm diameter each. The 12 petri-dishes were randomly stored in
the fridge installed with fluorescent light at 3 levels of light intensities
and in the dark (control). Three petri- dishes with lettuce leaf discs
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were stored under each light treatment and in the dark. The light
treatments were provided at 5, 10 and 15 µ mol m-2s-1 and for 12 hours
photoperiod during storage of 14 days. Relative humidity and storage
temperature were maintained at 95% and 10°C respectively. During
each moment of sample collection: at pre-storage (day 0), day 7 and
day 14 after storage, sampling was done from three replicates (petri-
dish) per each treatment. From each petri-dish 2 leaf discs were
randomly picked, frozen using liquid nitrogen and stored in the deep
freezer at -80 °C for later analysis of carbohydrate, nitrate and
chlorophyll content.

Determination of shelf life
Shelf life was determined based on overall visual quality (OVQ) of

leaf discs as determined by characteristics of leaf such as brightness,
color, texture as well as presence or absence of leaf defect. For the
accurate estimation of the damaged or discolored area of leaf discs,
Image J a Java based image processing tool was used. Leaf disc was
photographed within two days interval and total area of green colour
and chlorotic lesion or yellowish area was measured using leaf image
(photograph) analyses with Image J a Java based image processing tool.
The yellowed and dis- colored leaf area from Image J analyses was then
used to evaluate OVQ using scoring scale ranging from 1 to 9.
Excellent OVQ was rated 9 and unusable OVQ was rated 1. Shelf life
was determined as the time when OVQ value was rated 6 (OVQ=6).
The scored OVQ value lower than 6 was considered as poor OVQ, so
that the product is not accepted by consumers [19].

Measurements of soluble sugars and nitrate content
Leaf discs that previously stored at -80°C were dried in freeze dryer

(Modulyo, LA00964, Edwards, UK). The dried leaf discs were
powdered with ball mill (Retsch, Germany). Powdered samples were
extracted in 5 ml of 75% ethanol (10mM HEPES, pH 7.1) incubated at
80°C for 20 minutes. The extracted solution was centrifuged for 5
minutes at 8000 rpm and at 4°C. One milliliter of the supernatant was
vacuum dried (SpeedVac, AES200, USA) for 2 hours. The dried residue
was re-extracted in 1 ml of MilliQ water at 4°C for 10 minutes. The
eluents were analyzed on HPLC (Dionex, ICS 5000) for determination
of soluble sugars (glucose, fructose and sucrose). Ten micro liters of the
eluents were injected to CarboPac1 (250 × 2mm) column eluted with
100 to 500 mM NaOH. Column and sampler temperature were kept at
25°C and 5°C respectively. Sample flow rate was 0.250 ml min-1. Four
milliliter of the supernatant left after extraction of soluble sugar was
used to determine nitrate content. The residue left after discarding the
supernatant was washed four times with 3 ml of 80% ethanol. The
pellets were vacuum dried for 45 minutes and re-extractedat 90°C for
30 minutes. Nitrate content was analyzed on HPLC (Chromeleon (c)
Dionex, Version 6.40 SP4 Build 770) equipped with 2 mm column
eluted with10 mM to 100 mM NaOH.

Determination of chlorophyll content
Pigments were extracted from leaf discs in 2.5 ml of

dimethylformamide (DMF) in dark at -20°C for two weeks. Two week
later 1.25 ml of the extract was centrifuged for 5 minutes at 8000 rpm
and 4°C. The centrifuged extract was diluted with 1.25 ml of DMF. The
supernatant was used to determine chlorophyll a and chlorophyll b
spectrophotometrically at wavelength of 663.8 nm and 646.8 nm
respectively. The content of these pigments were calculated according
to Wellbum with the following formulae. Total chlorophyll was
determined from the sum of chlorophyll a and chlorophyll b.

Chlorophyll a (Chl a)=12A663.8-3.11A646.8

Chlorophyll b (Chl b)=20.78A646.8-4.88A663.8

Statistical analysis
Statistical evaluations of the results were performed with analysis of

variance (ANOVA) using SPSS statistical package (SPSS Inc. and IBM
Company, Chicago, IL, USA, 2010). The effect of light was considered
as significant if P<0.05. Significant mean comparison was done using
Duncan’s test (α=0.05).

Results and discussion

Shelf life
Evaluation of OVQ was done to determine the shelf life in butter

head lettuce leaf discs. Loss of overall visual quality was determined
based on leaf characteristics such as yellowing, browning, wilting and
leaf defects such as presence of dark brown area. Light exposure has
showed a significant effect on storability of OVQ (P<0.05). The shelf
life of leaf discs stored under all light treatment was longer in
comparison to those stored in the dark. Leaf discs stored in dark reach
limit of consumer’s acceptability 6 days earlier than those stored under
fluorescent light at 15 and 10 µmol m-2s-1 intensities, while 2 days
earlier than leaf discs stored at 5 µmol m-2s-1 (Figure 1). It was noticed
that dark brownish symptom and sunken area which later changed to
yellowish color has resulted losses of visual quality. In green leafy
vegetables postharvest yellowing is caused by losses of green pigments
[21,22]. Similarly in the current study butter head lettuce leaf discs was
de-greened gradually due to losses of pigments (Fig.4) leading to losses
of overall visual quality and shortens shelf life. However, compared to
darkness provision of fluorescent light at all levels have improved shelf
life. Similar results were reported for broccoli in which postharvest
light exposure has preserved visual appearance and prolong shelf life
for extra days [14,22]. Moreover the positive effect of light in delaying
leaf yellowing has been reported in brussels sprout [23].

Figure 1 Overall Visual Quality scores in butter head lettuce leaf
discs stored at dark and under fluorescent light at 5, 10 and 15 µmol
m-2s-1. The horizontal line represents limit of acceptability (shelf
life) below which OVQ of fresh cut lettuce is not accepted by
consumer.
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Nitrate content
Butter head lettuce leaf discs were stored in the dark and at 12 hours

photoperiod of fluorescent light at 5, 10 and 15 µ mol m-2s-1 intensity.
Light exposure during storage has significantly (P<0.05) delayed
nitrate accumulation. In the leaf discs stored at 15 µ mol m-2s-1, nitrate
content was significantly deteriorated over time and decreased by 8.9
mg/g DW and 2.6 mg/g DW, from pre-storage to day 7 and from day 7
to day 14 respectively. Interestingly in leaf discs exposed to 10 µmol
m-2s-1, the level of nitrate was significantly decreased by 8.6 mg/ g DW
from pre-storage level to day 14. However in leaf discs stored at 5 µmol
m-2s-1 significant deterioration was not noticed both at day 7 and day
14, but accumulation of nitrate was prevented. In contrast in dark
stored leaf discs, nitrate content was significantly increased by 9.6 mg/g
DW from pre-storage to day 7, after which no significant change was
noticed (Figure 2). These showed that storage of minimally processed
lettuce under light condition is beneficial to prevent accumulation of
nitrate. These results are in accordance with findings reported in rocket
leaves, suggesting that leaves stored under light contained less nitrate
level than those stored at dark [11]. According to different studies
plants accumulate nitrate in the dark to maintain osmo-regulation
process because of shortage of carbohydrate supply in the cells [24],
indicating that excessive accumulation of nitrate is not necessary in the
light as there is adequate carbohydrate supply to keep cell osmotic
pressure. In addition the activity of nitrate reductase is decreased in the
dark and therefore enhances nitrate accumulation [25]. Degradation of
nitrate in the leaf discs stored under light can be because of the higher
accumulation of soluble sugars (data not shown). The level of nitrate
content was decreased as total soluble sugar is increasing (Figure 3).
Hence, changes in nitrate level and soluble sugar were found reverse.
Carbohydrates can be a source of energy and carbon skeleton to
maintain nitrogen metabolisim in the cell [26]. Therefore, dramatic
increase in total soluble sugar may be the key support to enhance
nitrogen metabolism that may prevent accumulation of nitrate. The
previous studies reported in lettuce suggesting that, pre-harvest
application of red plus blue light is best to decreases nitrate
accumulation [27]. Similarly, according to the current results,
fluorescent light was also conducive to prevent nitrate accumulation in
lettuce.

Figure 2: Nitrate content in butter head lettuce leaf discs stored in
the dark and under fluorescent light at 5, 10 and 15 µmol m-2s-1.
Error bars represents ± SE from three replicates. Different letters
indicate significant differences between treatments during storage
(P<0.05).

Figure 3: Correlation between total soluble sugar (sum of glucose,
fructose and sucrose) and nitrate level after 7 and 14 days of storage
of butter head lettuce leaf discs in the dark and under fluorescent
light at 5, 10 and 15 µmol m-2s-1.

Pigment content
Storage of butter head leaf discs in the light has significantly

(P<0.05) affected total chlorophyll (sum of chl a and chl b), which
showed gradual degradation over time. Total chlorophyll content
showed significant degradation in all leaf discs. However the decreased
trend was higher in leaf discs stored in the dark than those stored in
the light (Figure 4). Leaf discs stored at 15 µmol m-2s-1 contained more
of 3.7 mg/g FW and 2.8 mg/g FW total chlorophyll than those stored
in the dark at day 7 and day 14 of storage time respectively. In leaf
discs exposed to 10 µmol m-2s-1, total chlorophyll content was 2.7 mg/g
FW and 1.8 mg/g FW higher than those stored in the dark at day 7 and
day 14 respectively. However, in leaf discs stored at 5 µmol m-2s-1 the
level of total chlorophyll was 1.2 mg/g FW and 0.4 mg/g FW higher
than those stored in the dark at day 7 and day 14 respectively. In green
leafy vegetables yellowing is consequence of loss of chlorophyll as an
indication of senescence process [21]. In the current study leaf disc was
gradually yellowed throughout storage. However light exposure during
storage decreases loss of chlorophylls. These results are in accordance
with findings reported in Chinese kale and romain lettuce [13,28]. In
addition, post-harvest light exposure delaying yellowing has been
reported in cabbage, brussels sprout and broccoli [14,23,29]. The
higher content of total chlorophylls in light stored leaf discs might be
because of the increased level of total soluble sugars delay senescence
process probably by inhibiting production of reactive oxygen species
[30]. Similarly, Hasperue et al. have been suggested that the higher
starch content in broccoli at harvest and exogenous sugar preserves
postharvest quality of the product as a result of delaying impact on
senescence process [31].
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Figure 4: Total chlorophyll (sum of chl a and chl b) content in butter
head lettuce stored in the dark and under fluorescent light at 5, 10
and 15 µmol m-2s-1. Error bars represents ± SE from three
replicates. Different letters indicate significant differences between
treatments during storage (P<0.05).

Conclusions
Light exposure during storage successfully prevents accumulation of

nitrate, delay loss of chlorophylls and extends shelf life in minimally
processed butter head lettuce. The delayed accumulation of nitrate
under light condition was because of the higher level of total soluble
sugar accumulation. Among the three levels of fluorescent light
intensities application of 15 µmol m-2s-1 was found efficient to delay
nitrate accumulation and followed by 10 µmol m-2s-1 and 5 µmol
m-2s-1 respectively.
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