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Effect of calcium lactate and heat-shock on texture
in fresh-cut lettuce during storage
Journal of Food Engineering 77 (2006) 1069–1077

A.B. Martın-Dianaa, D. Ricoa, J. Frıasa, G.T.M. Henehana, J. Mulcahya,
J.M. Baratb, & Catherine Barry-Ryan a
School of Food Science and Environmental Health, Dublin Institute of Technology (DIT), Cathal Brugha Street,
Dublin 1, Ireland
Institute of Food Engineering for Development, Department of Food Technology, Universidad Politecnica,
Camino de Vera s/n, 46022 Valencia, Spain

Abstract
Textural and microstructural changes in fresh-cut lettuce were analysed over 12 days storage. The vegetable was treated with 120 ppm
chlorine and with 15 g/L calcium lactate at room temperature ($18–20 °C) and at 50 °C (heat-shock). Texturometer analysis showed that
samples washed with calcium lactate had significantly (p > 0.05) higher crispness values than samples washed with chlorine. However the
use of 50 °C treatment (heat-shock) gave better textural properties at the end of storage and significantly retarded the softening process,
being in agreement with the sensorial results. Cryo-SEM micrographs showed a loss of turgor (shrinkage) of the tissue cells in the samples
washed with chlorine, eﬀect not so evident in calcium lactate treated samples. The use of heat-shock in combination with calcium lactate
reduced this phenomenon better than the other two treatments. Pectin methyl esterase (PME), enzyme related to textural changes,
showed higher activity in samples treated with calcium lactate at 50 °C. The combination of calcium lactate and 50 °C washing temperature maintained objective and sensorial textural properties of fresh-cut lettuce better than the calcium lactate or chlorine washing treatments at room temperature.
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1. Introduction
Consumers attitudes have changed during recent
decades: sales of ready-to-use fresh vegetables have grown
rapidly as result of consumers demand. The main food
trends are towards product quality, convenience and
fresh-like character (Ohlsson, 1994). The association between fresh vegetables consumption and the reduction in
the risk of certain chronic diseases (Ruowei, Serdula,
Bland, Mokdad Bowman, & Nelson, 2000; Subar et al.,
1995) have contributed to these trends.
Fresh-cut processed vegetables are defined as those subjected to some processing techniques of lesser magnitude

than canning or freezing, but which nevertheless added
value to the product before distribution and consumption
(King & Bolin, 1989). The marketing of fresh-cut vegetables, especially leaf vegetables, is limited by a short shelflife and rapid deterioration of their components due to
tissue damage as a result of washing, cutting etc. (Watada
& Qui, 1999).
Iceberg lettuce is a species of lettuce more popular
than others such as butterhead, lollo rosso, and romaine.
This is probably due to its crispness and attractive yellow–green colour. However, after the cutting, the product
undergoes diﬀerent undesirable biochemical reactions
associated with wounding (Brecht, 1995; Watada & Qui,
1999).
Textural changes are among the main causes of quality
loss for these products. Texture is seldom maintained for
more than ten days, even under optimal storage conditions.
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Minimally processed vegetables that maintain firm, crunchy textures are highly desirable because consumers associate these textures with freshness and wholesomeness
(Bourne, 2002; Fillion & Kilcast, 2000, 2002; Szczesniak,
1998). Indeed, the appearance of a soft or limp product
may give rise to consumer rejection prior to consumption.
Diﬀerent preservation methods are used in order to improve the textural properties during storage such as vacuum impregnation (Grass, Vidal, Betoret, Chiralt, &
Fito, 2003), preheating (Vu et al., 2004), electric pulses
(Giner et al., 2000), irradiation (Han, Gomes-Feitosa,
Castell-Perez, Moreira, & Silva, 2004), amongst others.
The consumption of functional foods has increased
greatly during the last decade (Mazza, 1998). For this reason, finding preservation methods that extend shelf-life (reduce browning, maintain texture and control microbial
population) and at the same time enhance the nutritional
value of the product is one of the priorities of the food
industry.
Calcium is associated with maintaining the cell wall
structure of vegetables by interacting with pectin to form
calcium pectate. Calcium is reported to maintain firmness
by cross-linking with both cell wall and middle lamella pectin (Grant, Morris, Rees, Smith, & Thom, 1973). Thus,
fruit and vegetables treated with calcium are generally firmer than controls during storage (Camire, Ismail, Work,
Bushway, & Halteman, 1994; Lester & Grusak, 1999;
Luna-Guzman, Cantwell, & Barrett, 1999; Suutarinen,
Anakainen, & Autio, 1999). Calcium lactate 5–30 g/L has
been used as a firming agent for fruits such as cantaloupes,
strawberry and carrots among others (Main, Morris, &
Wehunt, 1986; Martin-Diana et al., 2005-a; Morris,
Sistrunk, Sims, Main, & Wehunt, 1985). It has been
reported that calcium lactate is a good alternative to calcium chloride because avoids the bitterness or oﬀ-flavours
associated with the chloride salt (Luna-Guzman & Barrett,
2000). Moreover, the calcium content of the diet is critical
in most stages of life (Grass et al., 2003).
Heat-shock treatments, alone or combined with other
agents (calcium, chlorine), have also been used to prevent
browning reactions and maintain texture in various vegetables and fruits (Hisaminato, Murata, & Homma, 2001;
Loaiza-Velarde, Tomas-Barberan, & Salveit, 1997). Heat
treatment results in tissue firming in potatoes (Bartolome
& Hoﬀ, 1972) and tomatoes (Floros, Ekanayake, Abide,
& Nelson, 1992). Firming eﬀects obtained from heat treatments alone or combined with calcium treatments have
been attributed to the action of heat-activated pectin
methyl esterase (PME) and/or to increased calcium diﬀusion into tissues at higher temperatures (Bartolome & Hoﬀ,
1972; Garcia, Herrera, & Morilla, 1996).
The texture evaluation of the lettuce is relatively diﬃcult
due to the heterogeneity of the product. Photosynthetic
and vascular tissues present vastly diﬀerent textural properties (Toole, Parker, Smith, & Waldron, 2000).
Another problem is the diﬃculty of how to evaluate the
crispness characteristic using the readings obtained from

the texture tests (Harker, Stec, Hallett, & Bennett, 1997;
Vickers, 1988). Previous experience in this laboratory
showed the use of a penetrometer cell (puncture cell) in
fresh-cut Iceberg lettuce (Martin-Diana et al., 2005-a) not
sensitive enough to find diﬀerences between treatments.
Moreover, a penetrometer test might not be appropriate
to test a textural property which is based in breaking and
chewing characteristic responses. Furthermore, the small
surface area exposed to analysis combined with the high
tissue variability may contribute to poor repeatability.
Later studies showed higher sensitivity and repeatability
using the Kramer cell to evaluate texture in lettuce, in
agreement to other authors (Baur, Klaiber, Wei, Hammes,
& Carle, 2005; Han et al., 2004). In these studies the texture
is evaluated using the maximum load to break the sample.
However, our experience makes us to consider than this
does not reflect the crispiness attribute, which is the first
textural characteristic related to freshness for lettuce.
Crispness can be more related to the type of breaking
and sound produced than the maximum load needed. Also,
crispness has been proposed to be an auditory sensation
(Vickers, 1988).
Studies on lettuce have generally been limited to sensory
attributes, general appearance, wilting, decay and physiological disorders conducted mostly during investigations
on the packaging and storage conditions (Alsadon, 1993;
´Artes & Martinez, 1996; Heimdal, Kuhn, Poll, & Larsen,¨
1995; Toole et al., 2000). For this reason in this study
objective (Instron texturometer, Cryo-SEM, PME activity)
and subjective (sensorial analysis) measurements were
carried out to analyse the eﬀect of diﬀerent washing treatments on textural changes during storage of fresh-cut
lettuce.

2. Materials and methods
2.1. Processing and experimental set up
Iceberg lettuce (Lactuca sativa sp.) was purchased in a
local supermarket and stored at 4 °C before processing.
Three washing treatments were conducted in parallel, prepared from the same batch of product. The two outer
leaves were removed by hand and the core was excised with
a stainless steel knife. The other parts of the lettuce were
cut in half and each half was further cut into four pieces.
The temperature in the processing plant was $18–20 °C
(room temperature).
Washing treatments of lettuce were performed by
immersion of the fresh-cut lettuce in each treatment solution. The samples were sanitised with chlorinated water
(120 ppm) and calcium lactate (15 g/L) at room temperature ($18–20 °C) and 50 °C. Chlorinated water was prepared by adding sodium hypochlorite solution (P120 g/L
available chlorine) to distilled water to obtain 120 mg/L
free chlorine (pH $ 8). Calcium lactate (Sigma, USA)
was diluted to 15 g/L (pH = 6.5). For all treatments the
solutions were prepared using distilled water stored at
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room temperature ($18–20 °C). Each treatment was carried out in diﬀerent baskets ($200 g vegetable product/L)
and immersed in the corresponding washing solution for
1 min with agitation and subsequently dried for 5 min
using an automatic salad spinner.
Free chlorine concentration in the washing water was
determined using a DREl/2000 spectrometer with appropriate AccuVacÒ pillows (Hach Company, Loveland, Colorado, USA), using the DPD method.
Processed vegetables were pooled, mixed and subsequently packaged in bags (200 · 320 mm) of 35 lm oriented
polypropylene (OPP) (Amcor Flexibles Europe-Brighouse,
United Kingdom). Each package contained $100 g of product. The packages were chilled in a blast freezer at 0 °C for
2 min before heat-sealing under atmospheric conditions and
stored at 4 °C for 12 days.
Three independent batches were carried out. Each batch
consisted in $12 kg ($34 heads of lettuce of $350 g), and
32 bags per treatment ($100 g per bag) were packaged.
The total number of bag per batch was 96.

2.2. Cryo scanning electron microscopy (Cryo-SEM)
Cryo-SEM was used to observe the eﬀects of wounding
stress on processed samples. Rectangular pieces 4 · 5 mm
were cut from the wounded area to the centre of the
samples.
The samples were frozen by immersion in Slush Nitrogen (À210 °C). After that, the samples were fractured,
etched (at À94.5 °C, 10À5 Torr vacuum, for 15 min), gold
coated and viewed in the cold-stage scanning electron
microscope (JEOL JSM-5410). Using this technique, the
fractured surface of the frozen sample was viewed directly
while being maintained at À150 °C or lower (Bomben &
King, 1982). Two samples per treatment and day were used
and $10 micrographs per sample were obtained.

2.3. Instron analysis
Texture properties of lettuce were assessed using an
Instron texture analyser (Instron 4302 Universal Testing
Machine, Canton MA, USA). A 500 N load cell was
attached. For lettuce a Kramer shear cell with an 8 blade
probe attached to the instrument was used. The speed
setting for the experiment was 100 (mm/min) and load
was reported (KN/g). Segregation of tissue and orientation
were done for the analysis. All tests were performed with
photosynthetic tissue. Rectangular pieces (3 · 6.5 cm) were
cut and put in the Kramer cell. Maximum load (load at
rupture point)/sample weight and the coeﬃcient [(max
load-min load/max load)/sample weight], which was
defined like crispiness coeﬃcient (CC) were analysed.
Previous results showed that it was necessary to obtain a
minimum of 25 samples, to approximate results to a log
normal curve. Data were analysed with the Instron series
IX software for Windows.

2.4. Dry matter
A piece of lettuce was heated at 100 °C for 2 h in a
Universal Oven (Memmert, Schwabach, Germany) and
weighted before and after the heating. Four replicates per
treatment and day were carried out. The dry matter was
calculated as percentage (%) of dry matter weight related
to fresh product weight.

2.5. Sensory texture analysis
Sensory analysis was performed for lettuce over 12 days
of storage time by a panel with an age range of 25–40 years.
Texture was scored on a hedonic scale of 0–5. The texture
was evaluated by the fracture of diﬀerent pieces of lettuce
with the fingers. The 12-member sensory panel was selected
from among the members of the department and the evaluation was carried out in the sensory evaluation laboratory. Data analysis was carried out with CompusenseÒ
Five software (Release 4.4, Ontario, Canada).

2.6. Pectin methyl esterase activity (PME) E.C.3.1.1.11
PME activity was measured using the method described
by Kimball (1991). Briefly, 10 g of tissue was diluted in an
extraction solution (0.2 M sodium phosphate buﬀer, pH
7.5 containing 1 M sodium chloride and 10 mM dithiothreitol) and homogenised at 4 °C for 2 min at 5500 rpm. The
macerate was incubated at 4 °C for 30 min with agitation
and centrifuged at 12,500 g for 30 min at 4 °C. One milliliter of this extract was mixed with 40 mL of substrate solution (0.1% pectin). The solution was adjusted to pH 7.0
with 1.0 M NaOH, and the pH of the solution was re-adjusted to pH 7.5 with 0.05 M NaOH. After the pH reached
7.5; 0.2 mL of 0.05 N NaOH was added. The time required
to return to pH 7.5 was recorded. Activity was quantified
as carboxyl groups formed by the hydrolysis of methyl esters of pectin and was measured tritrimetrically using a pH
electrode to monitor the production of H+. PME activity
units were calculated using the following formula (Kimball,
1991), the enzymatic activity can be described by

Two macerates per treatment and day were prepared.
Triplicates of the enzymatic activity were completed.
2.7. Statistical analysis
Diﬀerences among the treatment and storage samples
were tested by multi analysis of variance (MANOVA). Differences are reported as significant to 95% LSD interval.
Statgraphics software (version 2.1; Statistical Graphics
Co., Rockville, USA) was used to analyse the data. Three
independent trials or batches were carried out.
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3. Results and discussion
Preliminary studies in this laboratory have shown the
eﬀectiveness of using calcium lactate washing treatments
to extend the shelf-life of fresh-cut vegetables (MartinDiana et al., 2005-a). Further investigations showed that
the use of heat-shock (50 °C) combined with the use of
calcium lactate (15 g/L) was the most eﬀective treatment
for the control of enzymes which play an important role
in the loss (polyphenol oxidase and peroxidase) and
maintenance (pectin methyl esterase) of quality (MartinDiana et al., 2005-b, 2005-c).

3.1. Cryo scanning electron microscopy (Cryo-SEM)
Scanning electron microscopy of lettuce samples was
carried out over 12 days storage at 4 °C for samples treated
with chlorine and calcium lactate at room temperature (18–
20 °C) and calcium lactate at 50 °C (heat-shock) (Figs. 1
and 2). Photosynthetic tissues from each lettuce sample
were analysed in order to observe microscopic structural
changes. The observation of the sample, in all the cases,
was performed after fracturing the tissue perpendicular to
vascular axes.
Cryo-SEM images showed the internal cellular features
as a dispersed network that in agreement with other
authors (Roy, Watada, Conway, Erbe, & Wergin, 1994)
might correspond to membrane and cell wall fragments
which are dispersed after the sublimation process used
for sample preparation.
In Fig. 1 the eﬀect of the washing treatment on tissue
morphology after 1 day of storage can be observed. For
all treatments the cell walls appeared well-defined and there
was no visible gap between cell wall and membrane. The
development of a gap between cell wall and membrane is
often referred to an incipient plasmolysis and has been described in other vegetables and fruits (Rojas, Gerschenson,
& Marangoni, 2001). However after the treatment the
fresh-cut lettuce treated with chlorine showed a higher loss
of turgor than samples treated with calcium lactate at room
temperature and at 50 °C. This loss of turgor could be related to a higher loss of water in lettuce treated with chlorine, due to the higher stress produced by this treatment
during processing (Roy et al., 1994). These diﬀerences in
turgor could be explained by changes in osmotic pressure
(Rojas et al., 2001), which can aﬀect to the cell shape after
wounding. Thus, we observed a better maintenance of turgor in fresh-cut lettuce treated with calcium lactate (Fig. 1).
This may be associated with the eﬀect of calcium on the
maintenance of cell wall structure by its interaction with
pectic acid in the cell wall to form calcium pectate.
Samples treated with chlorine showed a reduction in size
cell compared with other treatments (Fig. 2). This may be
associated with the loss of turgor after the treatment. The
crispness textural characteristic has been associated with
cell turgor (Bourne, 1976). Rojas et al. (2001) have suggested that since the plasmalemma has little mechanical

Fig. 1. Cryo-scanning electron micrographs of fresh-cut lettuce washed
with 120 mg/L chlorine, 15 g/L calcium lactate at room temperature (18–
20 °C) and 50 °C (heat-shock) after 1 day of storage at 4 °C.

resistance it is the pressure exerted on the cell wall that accounts for the turgor pressure-induced elasticity of cells
and tissues. This would suggest that the loss of turgor observed for chlorine samples (Fig. 1) might produce a loss of
crispness. This suggestion was confirmed using texturometer measurements (see data below) which found lower
crispness coeﬃcient values in samples treated with chlorine.
An advanced state of plasmolysis and/or shrinkage of
the cells were observed in samples treated with chlorine
or calcium lactate at room temperature after 10 days storage (Fig. 2). This degradation is involved in the ripening
process and is associated with enzymatic pectin hydrolysis
during post-harvest storage. Samples washed with calcium
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Fig. 2. Cryo-scanning electron micrographs of fresh-cut lettuce washed with 120 mg/L chlorine, 15 g/L calcium lactate at room temperature (18–20 °C)
and 50 °C (heat-shock) after 10 days of storage at 4 °C.

lactate at 50 °C maintained a better structure at the end of
the storage compared with chlorine and calcium lactate
(room temperature) treated samples.
Thus, calcium lactate helped to maintain cell turgor better than chlorine after the first day of storage while for
longer storage times the use of high temperatures showed
better preservation of turgor. The eﬀect of temperature
on the diﬀusion of calcium may be an important factor,
increasing the permeability and solubility of the calcium
throughout the tissues (Bartolome & Hoﬀ, 1972; Garcia
et al., 1996). Also, the treatment at 50 °C might have expanded the air within the lettuce tissues, and the subsequent cooling and contraction of this air would have
absorbed the surrounding water into the lettuce, therefore
keeping better the moisture and turgor of the cells.

3.2. Instron analysis
The instrumental measurement of lettuce texture is diﬃcult to carry out, due mainly to the high variability of the
product. Lettuce contains two diﬀerent types of tissue (vascular and photosynthetic) which are not always easy to differentiate and have an irregular distribution. The relative
position of vascular packages (parallel, oblique and perpendicular orientations) with respect to the texturometer
cell blades directly aﬀects the measurement (Toole et al.,
2000).
The texturometer analyses showed that lettuce pieces
with the vascular tissue oriented perpendicular or oblique
with respect to the Kramer blades needed significant
(p < 0.05) higher load values to be broken than pieces with

parallel orientation (data not shown). The vascular veins
which transport nutrients and water are reinforced with a
matrix (parenchyma). When this parenchyma had a perpendicular or oblique orientation the force to shear the
veins was higher than when in the parallel orientation.
Thus, in the parallel orientation the force was employed
in the separation of the vascular fibres and breaking of
the tissue while in the other two positions the vascular
parenchyma needed to be broken (Toole et al., 2000).
A significant (p < 0.05) correlation between weight and
maximum load needed to break the sample was observed,
as expected. The ratio maximum load/weight significantly
(p < 0.05) changed during storage. This behaviour may be
related with a loss of turgor producing a decrease in the
maximum load needed for the test. This decrease in maximum load was observed in all the samples during storage
(data not shown). However, significant diﬀerences between
treatments were not found.
Diﬀerent behaviours of the load–displacement profile
using the Kramer cell were observed depending on the
crispness of the samples. In Fig. 3 the profiles for a crispy
sample (Fig. 3(a)) and a soft (limp) sample (Fig. 3(b)) are
shown. Samples with higher crispness showed an increase
in the maximum load, reaching the maximum at the rupture point, followed by a rapid decrease to values close to
zero after breaking (Fig. 3(a)). However, in the limp samples the maximum load increased to the rupture point
(which was a lower value than for to crispy samples), but
due to the elasticity of these samples the drop in load
immediately after this point was less noticeable
(Fig. 3(b)). The use of a coeﬃcient based on the maximum

6

Rupture point
(Maximum load)
0.18
0.16
0.14
0.12
0.1
Load (KN)
0.08
0.06
0.04
0.02
0

Minimum load
after rupture
point

0

10

20

30

(a)

50

60

70

80

90

100

Displacement (mm)

0.1
0.09
0.08
0.07
0.06
Load (KN)
0.05
0.04
0.03
0.02
0.01
0

0

(b)

40

calcium lactate at 50 °C showed higher CC values after
the initial treatment (day 1) than samples washed with
calcium lactate and chlorine at room temperature. In addition, the former showed higher maximum load at breaking
point than the latter. These results were in agreement with
the microstructural analysis (Figs. 1 and 2) where the
lettuce treated with chlorine showed a greater loss of turgor
in the cells than samples treated with calcium. This loss in
turgor might have produced a loss of crispness and thus
lower load would be needed to break the tissue.
At the end of storage (day 12) the samples treated with
calcium and heat-shock showed higher CC values, which
was interpreted as a higher crispness (Fig. 4).

3.3. Dry matter
Rupture point
(Maximum load)

Minimum load
after rupture
point
10

20 30

40 50 60 70
Displacement (mm)

80

90

100

Fig. 3. Displacement (mm) versus load (KN) of a crispy fresh-cut lettuce
sample (a) and soft-limp fresh-cut lettuce sample (b) analysed with a
Kramer shear cell.

A significant (p < 0.05) decrease in dry matter was observed during storage for all samples (Table 1). The samples treated with calcium lactate had a significant
(p > 0.05) lower loss of water than the samples treated with
chlorine. This might correspond to the formation of calcium pectate in the cell wall which is associated with a
higher water retention capacity (Jackman & Stanley,
1995). Samples treated with heat-shock and calcium
showed a lower loss of dry matter, which may be correlated
with better turgor maintenance (Figs. 1 and 2).

3.4. Sensory analysis
load and the minimum load immediately after the breaking
point, which was called crispiness coeﬃcient (CC), was a
useful tool to distinguish between treatments, which could
not be distinguished by means of the ratio maximum load/
weight.
Significantly higher values (p < 0.05) of CC were
observed in samples treated with calcium lactate than chlorine and the diﬀerences between vascular tissue orientations
observed in the maximum load/weight ratio disappeared
when the CC was used (Fig. 4). Samples treated with

Sensorial analysis of the texture attributes (crispiness)
was carried out in samples during storage (Fig. 5). Significant changes in the texture during storage were observed
(p < 0.05). The samples treated with calcium lactate at
50 °C scored higher values for texture (crispness) than samples treated with chlorine over the storage period.
These results were supported by the findings in the SEM
micrographs, where samples treated with calcium lactate at
50 °C showed higher cell turgor (less shrinkage) than samples treated at room temperature with chlorine and calcium
lactate. The CC values were also higher in samples treated
with calcium lactate at 50 °C.

Table 1
Dry matter values for fresh-cut lettuce washed with 120 mg/L chlorine,
calcium lactate at room temperature and calcium lactate at 50 °C and
stored 12 days at 4 °C
Storage

1
3
7
10
12
Fig. 4. Eﬀect of washing treatment (120 mg/L chlorine, calcium lactate at
room temperature and calcium lactate at 50 °C) in Kramer texture analysis
(crispness coeﬃcient (CC)) in fresh-cut lettuce stored 12 days at 4 °C.

Dry matter (%)
Chlorine

Calcium lactate 25 °C

Calcium lactate 50 °C

3.36 ± 0.01b
3.05 ± 0.10ab
2.86 ± 0.10a
3.18 ± 0.10a
3.23 ± 0.10ab

3.60 ± 0.1bc
3.27 ± 0.08b
2.82 ± 0.2a
2.97 ± 0.14a
3.02 ± 0.10ab

4.18 ± 0.37c
2.94 ± 0.11ab
3.30 ± 0.01b
3.32 ± 0.21b
3.38 ± 0.20b

Values designated by the same letter are not significantly diﬀerent
(p > 0.05). Lower case letter are used for comparisons during storage.
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PME activity (Bartolome & Hoﬀ, 1972; Garcia et al.,
1996).
The beneficial eﬀects on texture of heat treatments and
calcium solution washes have usually been explained in
terms of the activation of pectin methyl esterase (PME)
(Bartolome & Hoﬀ, 1972). PME is responsible for cleaving
the methoxyl groups from methylated pectic substances,
generating free pectic acids (Belitz & Grosh, 1986), which
contain newly available carboxyl groups. Endogenous
and added calcium can make plant tissue firmer by binding
to the pectin carboxyl groups that are generated through
the action of PME (Stanley, Bourne, Stone, & Wismer,
1995).
Fig. 5. Sensory analysis (texture) for fresh-cut lettuce washed with
120 mg/L chlorine, calcium lactate at room temperature and calcium
lactate at 50 °C and stored 12 days at 4 °C. A hedonic scale (0–5) was used
to evaluate texture. Scores of 2.5 was considered a limit as acceptable for
the consumerÕs acceptance.

3.5. Pectin methyl esterase
Overall, PME activity increased significantly during
storage for all the treatments (Fig. 6) although its activity
fluctuated within the storage period. This irregular behaviour may be due to a wounding response and/or to changes
in the solubility of the enzyme during storage (Masih,
Roginski, Premier, Tomkins, & Ajlounia, 2002). Such
behaviour has been observed for certain browning-related
enzymes (Cantos, Espin, & Tomas-Barberan, 2001).
Neither calcium lactate nor chlorine showed a significant eﬀect on PME activity (Fig. 6). Treatment with high
temperature (50 °C) was the only parameter that significantly aﬀected the PME activity. PME activity was higher
in samples treated at 50 °C than at 25 °C (Fig. 6). These results are consistent with other studies that show treatments
with calcium solutions at temperatures over 50 °C increase

4. Conclusion
The crispness coeﬃcient (CC) showed higher values in
samples treated with 15 g/L calcium lactate, compared with
120 ppm chlorine treatment, in agreement with the sensory
result and Crio-SEM micrographs. The use of 50 °C temperature revealed fundamental in maintaining the crispness
of the vegetable. Calcium lactate avoided the loss of turgor
during the first days of storage; however the combination
with 50 °C temperature (heat-shock) extended this benefit
to the end of the storage (12 days). Possible mechanism
suggested to be involved in this eﬀect are the activation
of texture-related enzymes, as the PME, an eﬀect of
washing solution absorption into the lettuce, which might
increase the amount of calcium retained by vegetable or
the increasing in the diﬀusive processes by temperature,
including the calcium.
The CC revealed useful for measuring the crispy property of fresh-cut lettuce. Combined heat-shock (50 °C)
and calcium lactate treatment resulted better for
maintaining the texture of the fresh-cut lettuce than the
treatments with calcium lactate and chlorine at room
temperature.
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