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ABSTRACT

Shelf-life extension of fresh-cut ‘Red Fire’ lettuce by immersion in a solution consisting of 2 g/L citric acid and 1 g/L calcium chloride
prior to modified atmosphere packaging (MAP) during 24 days of storage at 4°C was investigated. Polyethylene bag was used as a
container for 3 packaging treatments including non-perforation, 2-hole perforation and 4-hole perforation. Visual quality (overall visual
quality (OVQ), leaf edge browning (LEB) and russet spotting (RS)), weight loss and ascorbic acid content of the product were evaluated
at 4-day intervals. Immersing fresh-cut lettuce in the mixed solution tended to retard loss of ascorbic acid and OVQ. Non-perforation
MAP seemed to be superior for maintaining OVQ and delaying weight loss, compared with other MAP treatments. On the other hand,
changes in LEB and ascorbic acid content were not apparently affected by different packaging treatments. Using immersion solution in
combination with non-perforation MAP effectively maintained visual and nutritional qualities of fresh-cut lettuce, as a consequence of
retaining fresh weight, ascorbic acid content, OVQ and delaying LEB. During 24 days of storage, discolouration of RS was not detected

in all treatments, indicating that ‘Red Fire’ lettuce is not a RS sensitive cultivar.

Keywords: calcium chloride, citric acid, Lactuca sativa L., minimal processing, modified atmosphere packaging, perforation
Abbreviations: CO,, carbon dioxide; LEB, leaf edge browning; MAP, modified atmosphere packaging; OVQ, overall visual quality; O,
oxygen; PAL, phenylalanine ammonia lyase; PE, polyethylene; PPO, polyphenol oxidase; RS, russet spotting

INTRODUCTION

Consumption of fresh-cut lettuce has a high increase in the
market due to consumer demand for freshness and conveni-
ence. As minimal processing of lettuce satisfies a need of
consumer, a detrimental effect on the shorter shelf-life of
minimally processed lettuce, compared with the unpro-
cessed raw material, has to be concerned. Fresh-cut pro-
cessing affects quality factors such as appearance, flavour
and colour, and product deterioration may proceed rapidly.
The inherent quality deterioration of fresh-cut produce is
largely due to cutting, because it initiates the physiological
and biochemical changes at a faster rate than in intact raw
vegetable (Watada and Qi 1999). Quality and shelf-life of
cut lettuce are decreased by the development of tissue
browning. Discolouration of surface and edge is the main
defect of fresh-cut lettuce (Lopez-Galvez et al. 1996; Salt-
veit 2000; Degl’Innocenti et al. 2007). Overall visual qua-
lity of 5 different types of cut lettuce (iceberg, romaine,
butter, green leaf and red leaf) was reported to be below the
limit of salability after 12 days of storage in air at 5°C
(Lopez-Galvez et al. 1996). Maintaining an appearance
appealing to the consumer results in the prolonged shelf-life
of cut lettuce (Zhou ez al. 2004). Furthermore nutritional
loss, emphasising ascorbic acid content, is also evaluated
during storage of fresh-cut lettuce because ascorbic acid is
highly susceptible to degradation during processing and sto-
rage (Barry-Ryan and O’Beirne 1999).

Many techniques have been used to delay quality dete-
rioration of fresh-cut lettuce. Shelf-life extension of fresh-
cut iceberg lettuce by using chemical treatment was repor-
ted (Ihl et al. 2003). Citric acid and calcium chloride com-
prising in the immersion solution resulted in maintaining
colour and texture of the cut lettuce, respectively. On the
other hand, modified atmosphere packaging (MAP) is
effective in prolonging the shelf-life of fresh-cut iceberg

lettuce (Heimdal et al. 1995; Smyth et al. 1998; Fan et al.
2003), in addition to retaining ascorbic acid content of the
product (Barry-Ryan and O’Beirne 1999). Generally, the
beneficial effect of MAP is obtained by the low level of
oxygen (O,) and high level of carbon dioxide (CO,) inside a
package (Kader ef al. 1989). However, a lack of O, could
induce the development of off-flavour due to the change
from aerobic to anaerobic metabolism (Beaudry 2000). To
reduce anaerobic respiration, perforation-mediated MAP
may be a suitable alternative to providing high O, transmis-
sion rate because the O, transmits through hole 6 times fas-
ter than film (Zagory 1997). Moreover, MAP using perfora-
tion is a flexible system which can be adapted easily to any
plastic films.

Aside from iceberg lettuce, one of the most demanded
types of lettuce to be incorporated in mixed salads is ‘Red
Fire’ lettuce. This is a red leaf lettuce that does not form a
head but produces crisp leaves loosely arranged on the stalk.
This lettuce has a good flavour with a sweet aftertaste, but
is more perishable than head lettuce. However, there has
been little information about quality preservation of fresh-
cut ‘Red Fire’ lettuce during storage. Therefore the objec-
tive of this study was to investigate the quality retention of
fresh-cut ‘Red Fire’ lettuce by using chemical treatment and
perforation-mediated MAP. Polyethylene (PE) bag, which
is cheap and easily available, was used as a container to cre-
ate the desired MAP in the study.

MATERIALS AND METHODS

Sample preparation

‘Red Fire’ lettuce (Lactuca sativa L.), hydroponically grown in
laboratory greenhouse, was used in this study. Lettuce, harvested

at optimal maturity, was processed immediately by discarding
outer and core leaves. The selected lettuce leaves were then cut
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with a sharp knife in transversal long narrow strips of 4 cm,
dipped for 40 s in immersion solution containing 2 g/L citric acid
and 1 g/L calcium chloride (Ihl et al. 2003) and manually centri-
fuged to remove excess moisture before packing. Cut lettuce
dipped in distilled water was used as control. About 30 g of cut
lettuce was packaged in 19 cm x 25 cm bag of 80 pm PE film and
heat sealed with an electric sealing machine. The O,, CO, and
water vapour transmission rates of the PE film were 3,938 cm®/m?
day, 14,173 cm’/m’ day and 9.2 g/m® day, respectively, at 25°C.
Three packaging treatments including non-perforation, 2-hole per-
foration and 4-hole perforation (0, 2 and 4 holes of 0.6 mm dia-
meter per bag, respectively) were used in this study.

Quality evaluations

Quality assessment of fresh-cut lettuce was conducted for visual
quality, weight loss and ascorbic acid content at 4-day intervals
during 24 days of storage at 4°C and 85% RH. Visual quality was
evaluated using the following parameters and scoring systems: (1)
overall visual quality (OVQ) was rated on a scale from 5 to 1,
where 5 = excellent and 1 = unusable, (2) leaf edge browning
(LEB) was scored on a scale from 1 to 5, where 1 = no browning
and 5 = severe browning, (3) russet spotting (RS) was scored on a
scale from 1 to 5, where 1 = none and 5 = severe. For each of
these defects, an index was calculated by multiplying the scores
for severity by the percentage of pieces affected (Lopez-Galvez et
al. 1996). Ascorbic acid was measured by titrimetric assay (James
1995).

Statistical analysis

The experiment was repeated twice with similar results; the paper
reports the results from a representative experiment. Three rep-
licates were used per treatment. Statistical analysis was conducted
using SPSS version 10.0. An analysis of the variance was pro-
cessed using the general linear model procedure. Mean compari-
sons were performed using Duncan’s New Multiple Range Test.

RESULTS
Weight loss

No significant difference (P>0.05) in weight loss was detec-
ted between fresh-cut lettuce immersed in distilled water
and immersion solution throughout the storage period, con-
sidering the same packaging treatment (Fig. 1). On the
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Fig. 1 Weight loss of fresh-cut lettuce during 24 days of storage at 4°C
as affected by different treatments. (¢) Dipping cut lettuce in distilled
water prior to packing in imperforated bag, (m) dipping cut lettuce in
distilled water prior to packing in 2-hole perforated bag, (A) dipping cut
lettuce in distilled water prior to packing in 4-hole perforated bag, (0)
dipping cut lettuce in immersion solution prior to packing in imperforated
bag, (0) dipping cut lettuce in immersion solution prior to packing in 2-
hole perforated bag, (A) dipping cut lettuce in immersion solution prior to
packing in 4-hole perforated bag. The vertical line at each data point
represents the standard deviation about that mean (n = 3).
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other hand, packaging treatments resulted in significant dif-
ference (P<0.05) of weight loss between non-perforation
MAP and 4-hole perforation MAP from day 16 till the end
of storage, whereas significant difference (P<0.05) of
weight loss between 2-hole perforation MAP and 4-hole
perforation MAP was detected from day 20. At the end of
storage, the highest weight loss (P<0.05) was found in the
product stored in 4-hole perforated bag, due to the highest
extent of gas and water vapour transfer through the holes.

Visual quality

Immersion solution used in this study tended to delay
browning of cut surface of the minimally processed lettuce,
though there was no significant difference (P>0.05) of LEB
between the immersion solution treatment and distilled
water treatment (Fig. 2A). In addition, the discolouration of
leaf edge of the cut lettuce was not apparently affected
(P>0.05) by MAP treatment. However, LEB indices of all
lettuce treatments were small (score<2) at the end of storage,
indicating the acceptable extent of browning at the cut
surface during 24 days of storage. Furthermore RS was not
detected in all treatments (score<1.05) throughout the sto-
rage period (Fig. 2B).

Dipping cut lettuce in immersion solution resulted in
maintaining high OVQ scores for fresh-cut lettuce stored
under all MAP treatments (Fig. 2C). OVQ of fresh-cut
lettuce dipped in immersion solution differed evidently
(P<0.05) from distilled water-dipped lettuce from day 12 of
storage. The decline in OVQ of fresh-cut lettuce dipped in
immersion solution appeared after 16 days of storage. On
the other hand, OVQ scores of fresh-cut lettuce differed
(P<0.05) among MAP treatments at the end of storage.
Fresh-cut lettuce dipped in immersion solution before pack-
aging in imperforated bag obtained the highest OVQ score
(P<0.05) and was still salable (score>3) at the end of sto-
rage. It seemed that LEB index partially contributed to the
OVQ index of fresh-cut ‘Red Fire’ lettuce, in addition to the
main contribution by weight loss of the cut lettuce.

Ascorbic acid

Ascorbic acid of fresh-cut lettuce in all treatments de-
creased drastically during storage (Fig. 3). It was found that
dipping cut lettuce in immersion solution was beneficial to
delaying loss (P<0.05) of ascorbic acid, whereas there was
no significant difference (P>0.05) among various MAP
treatments. The retention of ascorbic acid in fresh-cut let-
tuce ranged from 16-30% at the end of storage.

DISCUSSION

Weight loss is a natural process of catabolism of horticul-
tural products, catalysed by enzymes and is accelerated by
cutting. The decrease in weight may be attributed to res-
piration and other senescence-related metabolic processes
during storage (Watada and Qi 1999). Perforation of PE bag
facilitated transmission of water vapour and other volatile
products from the package of fresh-cut lettuce, resulting in
the highest weight loss of cut lettuce kept in 4-hole perfo-
rated bag (Fig. 1).

Browning in fresh-cut lettuce is a major defect and ex-
tensively affects marketability of the product. Quality loss
due to browning of surface and edge of fresh-cut lettuce
depends on cultivars of lettuce (Lopez-Galvez et al. 1996).
Wounds incurred during processing of fresh-cut lettuce in-
duce accumulation of phenolic compounds by phenylala-
nine ammonia lyase (PAL) (Peiser ef al. 1998) and subse-
quent development of browning by polyphenol oxidase
(PPO) (Brecht 1995). Immersion solution used in this study
had a tendency to delay discolouration of fresh-cut lettuce
(Fig. 2). Citric acid containing in the immersion solution
shifts pH from the optimum range for PPO and chelates
copper of active site of the enzyme (Martinez and Whitaker
1995; Castatier ef al. 1996). PPO in head lettuce has opti-
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Fig. 2 Leaf edge browning (A), russet spotting (B) and overall visual
quality (C) of fresh-cut lettuce during 24 days of storage at 4°C as
affected by different treatments. (¢) Dipping cut lettuce in distilled
water prior to packing in imperforated bag, (m) dipping cut lettuce in
distilled water prior to packing in 2-hole perforated bag, (A) dipping cut
lettuce in distilled water prior to packing in 4-hole perforated bag, (0)
dipping cut lettuce in immersion solution prior to packing in imperforated
bag, (o) dipping cut lettuce in immersion solution prior to packing in 2-
hole perforated bag, (A) dipping cut lettuce in immersion solution prior to
packing in 4-hole perforated bag. The vertical line at each data point
represents the standard deviation about that mean (n = 3).

mum pH between 5 and 8 (Fujita et al. 1991) and has
different conformations and native molecular weights in
photosynthetic and vascular lettuce tissues (Heimdal et al.
1994). In addition to function of textural enhancer (Luna-
Guzman and Barrett 2000), calcium chloride containing in
the immersion solution might act as browning inhibitor by
interaction of chloride ion with copper at the PPO active
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Fig. 3 Ascorbic acid content of fresh-cut lettuce during 24 days of
storage at 4°C as affected by different treatments. (¢) Dipping cut
lettuce in distilled water prior to packing in imperforated bag, (m) dipping
cut lettuce in distilled water prior to packing in 2-hole perforated bag, (A)
dipping cut lettuce in distilled water prior to packing in 4-hole perforated
bag, (0) dipping cut lettuce in immersion solution prior to packing in
imperforated bag, (0) dipping cut lettuce in immersion solution prior to
packing in 2-hole perforated bag, (A) dipping cut lettuce in immersion
solution prior to packing in 4-hole perforated bag. The vertical line at each
data point represents the standard deviation about that mean (n = 3).

site (McEvily et al. 1992). Synergistic effect of citric acid in
combination with calcium chloride on browning prevention
of minimally processed lettuce was also reported (Ihl ef al.
2003). The firming action of calcium ion could contribute to
a reduced leakage of PPO and its substrates at the exposed
cut surfaces (Sapers and Miller 1992). Furthermore, cal-
cium ion is reported to inhibit stress-induced senescence by
maintaining membrane integrity (Picchioni and Watada
1998). Ihl et al. (2003) suggested that calcium chloride
component of immersion solution might be beneficial in
reducing ethylene emanation corresponding to wounding
stress of fresh-cut lettuce.

Though 2-hole and 4-hole perforation might facilitate
the development of higher O, and lower CO, levels inside
the bags and enhance enzymatic browning of cut lettuce,
compared with imperforated bag, dipping cut lettuce in
immersion solution tended to retard browning of the cut
surface (Fig. 2A). Lopez-Galvez et al. (1996) found that
LEB of red leaf-type cut lettuce stored in air was more
severe than that of the cut lettuce stored in a controlled
atmosphere (3% O, and 10% CO,) from day 8 until day 12
of storage. On the other hand, visual quality of immersion
solution-dipped lettuce stored in imperforated bag appeared
highly acceptable (highest OVQ score at the end of storage)
(Fig. 2C), without brown stain symptom caused by CO,
injury (data not shown). High O, and low CO, enhanced
enzymatic browning, while low O, and, more significantly,
high CO, enhanced CO, injury (brown stain) of fresh-cut
butterhead lettuce (Varoquaux et al. 1996). Fresh-cut pro-
ducts generally are more tolerant to higher CO, levels than
intact products because the resistance to diffusion is smaller
(Kader ef al. 1989). Varoquaux and Wiley (1994) found that
shredded crisphead lettuce tolerated higher levels of CO,
than its intact counterpart. Allende et al. (2004) reported
that general appearance of shredded ‘Lollo Rosso’ lettuce
was still acceptable and LEB of the cut lettuce was assessed
as modulate by panelists, after 7 days of storage in sealed
polypropylene bag (initial atmosphere containing 3% O,
and 5% CO,) at 5°C.

RS is a common disorder due to exposure to low con-
centrations of ethylene which stimulates the production of
phenolic compounds which lead to brown pigments. A rela-
tionship between the activity of PAL in iceberg lettuce leaf
tissue and the development of RS symptom has been repor-
ted (Ritenour et al. 1996). Low level of O, and high level of
CO,, as a result of respiration of cut lettuce, inside imper-
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forated bag might prevent ethylene production, resulting in
delaying RS disorder of the product during storage (Fig.
2B). In addition, no RS symptom was detected in cut lettuce
stored in 2-hole and 4-hole perforated bags throughout the
storage. These results indicated that ‘Red Fire’ lettuce is not
a RS sensitive cultivar.

Ascorbic acid degraded very quickly when ‘Red Fire’
lettuce was minimally processed (Fig. 3). Heimdal ef al.
(1995) reported that ascorbic acid in shredded lettuce
degraded drastically during storage at 5°C. Seven days after
processing, ascorbic acid was no longer detectable. Similar
effect of slicing on loss of ascorbic acid in shredded iceberg
lettuce was reported by Barry-Ryan and O’Beirne (1999).
Albrecht (1993) also found that the retention of ascorbic
acid in intact heads of 8 lettuce cultivars ranged from 40-
74% after 7 days of refrigerated storage. Ascorbic acid is
labile and readily affected by light, O,, heat, enzymes and
metals (Albrecht et al. 1991). In present study, citric acid
containing in the immersion solution might have beneficial
effect on preventing degradation of ascorbic acid by che-
lating contaminated metal ions in the system. Consequently,
catalytic action of metal ions on the oxidation of ascorbic
acid in the cut lettuce was inhibited.

CONCLUSION

Visual and nutritional qualities of fresh-cut ‘Red Fire’ let-
tuce could be preserved by using immersion solution in
combination with imperforated PE bag. PE bag was ap-
propriate for packaging of fresh-cut ‘Red Fire’ lettuce, con-
sidering the expense of using MAP technology, both on the
basis of film cost and on the need for modifications to
packing line systems.
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