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Abstract

Modified atmosphere packaging and related technologies are increasingly used to extend shelf-life of fresh products. This
paper covers the effect of such techniques on increasing shelf life. Salad-cut lettuce was washed in different solutions for a
period of 1 min. Then, salad-cut lettuce was packed in modified atmosphere (3—5% CO,, 3-5% O,, 97-95% N,) and stored
at 4 °C for 12 days. Quality indicators of packaged lettuce including color, texture, sensory properties, total phenol content
and antioxidant activity were analyzed at 1, 3, 6, 9 and 12 days of storage. This study showed that combination of sodium
hypochlorite and ascorbic acid was the best treatment to maintain most of the qualitative indicators of lettuce during stor-
age at 4 °C (p<0.05). Ascorbic acid and cysteine caused synergistic effect in preventing oxidation. Treatments containing
calcium lactate and heat shock, caused better crispiness till the 9th day of storage. According to the results of current study,
application of MAP alongside implementation of food grade chemicals showed to be remarkably effective in increasing the

shelf life of lettuce.
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Introduction

Fresh-cut product hint at fruit or vegetables having been
catered and thereafter packaged to provide comfortable and
protected ready-to-eat products for consumers, whereas
keeping their fresh nature [1, 2]. There are a lot of con-
sumers who are fan of leafy vegetables, especially lettuce;
however, these products are very soft and susceptible to pro-
cessing conditions [3, 4]. Innovative technologies should
be followed to gain maximum results of fresh-cut process-
ing conditions [5-8]. A fresh-cut product changes from its
natural conditions during processing such as trimming or
washing functions. Fresh-cut product keeps its overall pris-
tine condition and is specified by living cells which stand or
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are sensitive to internal or external deterioration activities
such as enzymatic rottenness or microbial spoilage [9—13].
In the fresh-cut industry, expiration date is determined by the
loss of quality indicators like firmness, color or nutritional
profile to an extent, which is not tolerable, by consumers
anymore. Processing practices, packaging and storage tem-
perature manipulation, do not terminate quality deteriora-
tion, they can only slow down the rate at which deterioration
happens [14—17].Fresh fruit and vegetable postharvest losses
have been evaluated to be between 2 and 20% in developed
countries and between 24 and 40% in developing countries,
respectively [18-20]. Most fruits and vegetables are cost
effective foods having small fat level and high levels of nutri-
tionally important ingredients such as vitamins or minerals,
most of that could not be synthesized by the human body
[20-22]. Alteration of eating habits, snacking, inclination
towards year-round food access as well as increasing ten-
dency to vegetarianism have led to an enhancing requirement
for comfortable but healthy products matching the new-
fashioned consumer lifestyle in sustainable food systems.
It should be noted that the growth in quality preservation of
fresh-cut food is of paramountcy for food plants because of
its financial effect [23]. Keeping quality indicators such as
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color and texture is a prerequisite for every rinsing operation
employed for fresh vegetable and fruit because consumers
call for natural and comfortable food with extended shelf life
[24]. Enzymatic browning of fresh-cut products emerging
across the cutting side is well-established to be the result
of oxidation by polyphenol oxidase (PPO) and peroxidase
(POD) [25, 26]. It has been recognized that the catalysis
of phenylalanine ammonia lyase produced phenolic com-
pounds. To control aforementioned occurrence, some chemi-
cal compounds including chelating and reducing agents are
applied in food plants [27, 28].

Besides, various treatments such as calcium lactate, heat
shock, hypochlorite, ascorbic acid, cysteine and controlled
atmospheres could potentially be effective in extending food
shelf-life [29]. Calcium is known to interact with pectin and
creates calcium pectate, thereby, holding the cell wall frame
of plants. Besides, its interaction with middle lamella pectin
causes more rigid texture for vegetables treated with calcium
(compared with control samples) during their shelf life [30].
Calcium lactate has been found to be an appropriate substi-
tution to calcium chloride since it prevents the bitterness or
off-flavors brought about by this salt [31]. Incremental firm-
ness impact is achieved when calcium treatment is combined
by heating treatment. Heat causes calcium diffusion into the
vegetable tissue, followed by demethylation of pectin methyl
esterase and generation of carboxyl groups which cross link
with calcium cations and, as a result, the above-mentioned
firmness effect [32]. Among the compounds which prevent
browning, there are sulphites, ascorbic acid and thiol com-
pounds such as cysteine [33, 34].

Therefore, the main aim of the current study was to evalu-
ate the physicochemical effects of different washing treat-
ments on increasing shelf life of minimally processed lettuce
packed under modified atmospheric packaging.

Materials and methods
Material

Iceberg lettuce (Lactuca sativa sp.) was obtained from Khuz-
estan (South of Iran). L-cysteine monohydrate, Ascorbic
acid, Calcium lactate, Sodium hypochlorite, Folin-Ciocalteu,
DPPH (2,2-diphenyl-1-picrylhydrazyl) were purchased from
Titrachem, Germany.

Vegetable processing
Iceberg lettuce (Lactuca sativa sp.) grown in Khuzestan

(South of Iran) and stored at 4 °C (2 h) was used. The
most outside leaf was discarded, fresh-cut product was

prepared and the core of the heads of lettuce was removed
with a stainless steel knife. The lettuce was halved and each
half was cut into four equal parts [35, 36]. The tempera-
ture in the processing plant was nearly 18-20 °C (room
temperature).

Shelf-life tests

Salad-cut lettuce was washed in different solutions
for 1 min. Treatments included: T;: sodium hypochlo-
rite (100 mg/L) + cysteine (0.5%), T,: calcium lactate
(1.5%) + heat shock (50 °C), T;: sodium hypochlo-
rite (100 mg/L) + ascorbic acid (0.5%) and T,: sodium
hypochlorite (100 mg/L) + calcium lactate (1.5%) + heat
shock (50 °C), Ts: calcium lactate (1.5%) + heat
shock (50 °C) + hypochlorite (100 mg/L) + cysteine
(0.5%) + ascorbic acid (0.5%) and tap water was used
as the control treatment. Washing solution was removed
using a spin dryer for 5 min; then salad-cut lettuce was
packaged in modified atmosphere (3-5% CO,, 3-5% O,,
97-95% N,) and stored at 4 °C for 12 days (Allende and
Artes, 2003). Each package contained 150 g of salad-cut
lettuce.

Quality indicators
pH measurement

20 g sample of lettuce tissue was blended for 2 min in
40 mL of deionized water. The pH of the mixture was
measured at room temperature using a pH meter)
Metrohm, Switzerland)

Exudates

A weighed piece of lettuce tissue was placed between fil-
ter paper No. 595 (Albet, Germany) and a force of 10 kg
applied for 2 s [37]. The sample was weighed and the per-
centage of weight loss was recorded as the exudate. The
average of triplicate values was expressed as percentage
of exudate/vegetable [37].

Texture analysis
Texture properties of iceberg lettuce were assessed by
Instron texture analyzer (LFRA texture analyzer, USA)

fitted with a puncture cell (6 mm, 10 m/s, Germany) The
speed applied in the experiment was 10 mm/s [35, 38].
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Sensory analysis

Sensory analysis was carried out for lettuce over 12 days
of storage by twelve trained panelists from department
with an age range of 25-40 years. Fresh appearance, brit-
tleness, off-flavors and color were evaluated on a hedonic
scale of 1-7, where 7 stands for the best quality and 1
stands for very poor quality [35].

Color measurement

The samples photos were taken inside the Panasonic camera
model TH 5 box in 4 replications. Applying the RAL cards
and Photoshop (Version CC), RGB images were determined
for standards, and standard curves were plotted. Then, RGB
of samples were obtained in Photoshop. Finally, using a lin-
ear equation, the color parameters of the standard sample
and RGB values of the samples were reported. Hue values
indicated product color, Chroma values indicated color satu-
ration and variation of color (AE) was calculated by using
the following formula:
1/2
AE = [(Lf—Li)2+(af—ai)2+(bf— bi)z] / 1)
where L; is the initial luminosity, L, the final luminosity,
as the a* value at final time, a; the a* value at initial time, bf
the b* at final time and b, is the value b* at initial time. L*
(lightness index scale) ranged from O for black to 100 for
white. The a* scale assesses the degree of red (+a) or green

(— a*) colors and the b* scale evaluates the degree of yellow
(+b) or blue (— b*) color [35].

Extraction conditions

Dried lettuce powder (1 g) was extracted in 25 mL meth-
anol/water (30%, v/v) at 60 °C for 10 min under stirring.
This procedure was repeated three times and aluminum foil
was used to hamper light degradation; after the process and

reaching ambient temperature, filtering of the extract was
carried out [39].

Antioxidant capacity by DPPH

One of the most popular techniques to evaluate the anti-
oxidant capacity of food matrices is the method employing
the stable 2,2-diphenyl-1-picrylhydrazyl (DPPH) [40]. The
free radical scavenging activity was determined according
to the method described by [39]. 0.3 mL of extract solution
was added to 2,2-diphenyl-1-picrylhydrazyl (DPPH) solu-
tion (2.7 mL, 6 x 10~ mol/L). After mixing, the solution
was kept in the dark for 60 min. Measuring the absorbance
was carried out at 517 nm and DPPH value was calculated
accordingly: (Thermo Electro Corporation Genesys 10
UV-Vis Spectrophotometer).

DPPH scavenging activity (%) = [(Apppy — As)/ Apppn] X 100
(2)

Determination of total phenolic compounds

Total phenolic content of the extract was determined by the
Folin-Ciocaltiue method [41]. 20 pL aliquot of extract solu-
tion was mixed with 1.16 mL distilled water and 100 pL of
Folin-Ciocaltiue reagent, followed by the addition of 300 pL
Na,CO; solution (20% w/v) Subsequently, the mixture was
incubated in a shaking incubator at 40 °C for 30 min and its
absorbance was measured at 769 nm. Gallic acid was used
as a standard for calibration curve. Total phenol content was
expressed as mg of Gallic acid equivalents per g of lettuce
dry matter.

Statistical analysis

The experiment was conducted in a factorial form, using a
completely randomized design to study the effects of time
and washing treatments on physicochemical characteristics
of lettuce. Experiments were carried out in triplicate. Mean

Table 1 Effect of washing treatments and time on color, total phenol activity, antioxidant activity, texture, exudate and pH of lettuce

Color Total phenolic Antioxidant activity Texture Exudate pH
compound
(%) (%) €9) ®
Washing treatments 4.05%* 0.125%* 1457.51%* 1505.45%* 0.027%** 0.96%*
Time 7.42%* 0.210%* 3757.96%* 19,344 .4%%* 0.057%** 4.15%*
Washing treatments X Time 3.25%%* 0.002%* 256.04%* 2578.25%* 24X 1073+ 0.55%%*

**Significant at 99%
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Fig. 1 Effect of washing treatments on pH in fresh-cut lettuce stored
at 4 °C for 12 days.T,: sodium hypochlorite + cysteine; T,: calcium
lactate +heat shock; T;: sodium hypochlorite +ascorbic acid; T:
sodium hypochlorite 4 calcium lactate 4+ heat shock; Ts: Calcium lac-
tate +heat shock +hypochlorite + cysteine + ascorbic acid; Control:
tap water
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Fig.2 Effect of washing treatments on exudate in fresh-cut lettuce
stored at 4 °C for 12 days. T,: sodium hypochlorite +cysteine; T):
calcium lactate 4 heat shock; T;: sodium hypochlorite 4 ascorbic acid;
T,: sodium hypochlorite + calcium lactate +heat shock; Ts: Calcium
lactate + heat shock +hypochlorite + cysteine + ascorbic acid; Control:
tap water
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comparison was carried out using LSD test (P <0.05). The
results were expressed as mean + SD (standard deviation).

Results and discussion
pH measurement

Data presented in Table 1 indicates that effect of washing
treatment and storage time and their interaction on pH val-
ues were significant (P <0.05). As shown in Fig. 1, the pH
of salad-cut lettuce in all treatments increased significantly
with storage time. In all treatments, pH showed an increasing
trend until third or 6th day, and then decreased. T,, T, and
Ts had significant differences with other treatments. This
impact has been attributed to the preventive influence of
temperature on microbial growth [42]. Warm water could
cause a decrease in microbial population.Ts had significant
differences with other treatment on the 9th day as well. The
decreasing trend of pH for T; was slow and, till 9th day, it
was maintained at an appropriate level. T; had the highest
pH at the end of storage period (P <0.05).

Exudate values

The effect of washing treatment and storage time and their
interaction on exudates values were significant (Table 1).
As obvious in Fig. 2, exudate values increased significantly
in all treatments during storage (P <0.05). The level of exu-
date in T, T4, and T5 were more than other treatments. The
exudate in T, and T; was low till 9" day. Samples treated at
50 °C showed the lowest exudate values. This finding was in
agreement with those reported by Martin-Diana et al. [33].
T; had the lowest pH at the end of storage period (P <0.05).
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Texture analysis

Firmness was evaluated by a puncture cell attachment. The
maximum puncture load resembles crispiness index in salad-
cut lettuce. The effect of washing treatment and storage
time and their interaction on texture values were significant
(Table 1). On the first day of storage the highest puncture
force was observed in T, following by Ts and T, (Fig. 3).
T, and Tj contained cysteine, while T5 and T, contained
calcium lactate and heat shock which caused diffusion of
calcium to the tissue. Calcium lactate (T,) concentration did
not significantly affect the maximum load measurement on
the first day of storage but calcium lactate in combination
with other factors in T5 and T, was more effective on the first
day. Figure 3 shows a considerable increase in the maximum
load was obtained in all of the treatments at day 12. The dif-
ference of load was not significant on the last day of storage.
Increased load values during storage could be attributed to
flexibility rise and crispness reduction [35]. In fact, loss of
the cell moisture leads to tissue dehydration and elasticity
promotion.

Color measurement

Color parameters were estimated with digital image analysis
on the surface of salad-cut lettuce during storage. The effects
of washing treatments and storage time and their interaction
on color were significant (Table 1). Color changes increased
during storage in control samples. The highest color change
was observed on the third day in T, containing cysteine and
sodium hypochlorite which increase L* intensively. As illus-
trated in Fig. 4, the processes at higher temperatures resulted
in increased luminosity (P <0.05), attributed to the lack of
polyphenol oxidase activity at higher temperature. Small
luminosity values represent great browning indices as dark-
ness is related to browning. This finding was in agreement

Fig.4 Effect of washing
treatments on color of fresh-
cut lettuce stored at 4 °C for
12 days. T,: sodium hypochlo-
rite 4+ cysteine; T,: calcium
lactate + heat shock; T:
sodium hypochlorite + ascorbic
acid; T,: sodium hypochlo-
rite + calcium lactate + heat
shock; Ts: Calcium lac-

tate + heat shock + hypochlo-
rite + cysteine 4 ascorbic acid;
Control: tap water

AE

@ Springer

with King et al. [43]. Also, a* value is relevant to browning
index as it is associated with the breakdown of chlorophyll.
The salad-cut lettuce treated at high temperatures (T, and
T5) showed a significantly lower variation of color (P <0.05)
compared to the other treatments (Fig. 4) and their color
variation was similar to Tj.

Antioxidant activity

The antioxidant activity of lettuce is derived from its phe-
nolic compounds. Ascorbic acid quenches free radicals by
the growth in active ascorbyl radicals. The ene-diol com-
pound exhibits an impressive effect in scavenging free radi-
cals. Cysteine functions as a free radical scavenger due to
the availability of a thiol group. In fact, cysteine contains
three reactive groups: the carboxylic acid, the amino group
and the Sulphur center. The only reactivity of physiological
significance is at the Sulphur center. Reactions of cysteine

ODay 1 ODay 3

BDay 6 BDay 9 BDay 12

Antioxidant (%)

‘Washing treatments

Fig.5 Effect of washing treatments on antioxidant activity of
fresh-cut lettuce stored in 12 days of storage at 4 °C. T,: sodium
hypochlorite + cysteine; T,: calcium lactate 4+ heat shock; T;: sodium
hypochlorite +ascorbic acid; T,: sodium hypochlorite + calcium
lactate +heat shock; Ts: Calcium lactate+heat shock+ hypochlo-
rite + cysteine + ascorbic acid; Control: tap water
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with radicals demonstrated the ability of its thiol group to
clear free radicals and revealed that a positive conjugation
impact applied by Sulphur, attenuating the O—H links of the
phenolics, is the main reason of an observed antioxidant
activity [44]. Data showed that on the first day, antioxidant
activity of T and T; increased significantly compared to
the control. This is because of the role of antioxidant activ-
ity of ascorbic acid (Fig. 5). On the third day, no significant
difference among the treatments was found (except of Ts).
Antioxidant activity of T5 was remarkably higher than other
treatments on each day of the study indicating the synergistic
effect of ascorbic acid and cysteine in preventing oxidation.
On the sixth day up to end of storage time, antioxidant activ-
ity reduced slowly in all of the treatments but this trend was
slower (Fig. 5).

Total phenolic compounds

Changes in total phenolic content were observed during stor-
age, in all the treatments. Total phenol content showed a
decreasing trend with time and this was in agreement with
data reported by other researchers [44]. The decrease in
antioxidant activity paralleled the decrease in total phenol
content (Fig. 6). The results also showed that there was a
substantial link between antioxidant activity and total phenol
content of the Ts. These results reveal suppressors could be
applied to prevent damage of antioxidant activity and loss
of antioxidants, such as polyphenols.

Sensory analysis

As indicated Table 2 the sensory panel analysis showed sig-
nificant differences over the storage time (P <0.05). Fresh

ODay 1 DDay 3
0.70
0.65
0.60
0.55
0.50
0.45
0.40
0.35
0.30
0.25
0.20

Total phenolic compounds (mg/ g dry
mass)

Table 2 Sensory analysis (color, crispiness, freshness, taste) of fresh-
cut lettuce washed with six washing treatment and stored at 4 °C for
12 days

Color  Crispiness Freshness Taste
Washing treatments 6.28%*%  3.20%* 4.06%*  3.25%*
Time 42.85%*% 25.00%*%  41.56%*%  4.5]%**
Washing treat- 1.46%*%  2.02%* 1.25%%  1.05%

ments X Time

*Significant at 95%
**Significant at 99%

vegetables lose their typical fresh appearance and texture
following processing after a short storage time. Crispness,
flavor and freshness in all treatments were acceptable up to
day 6. T, and T showed better result in case of maintaining
flavor, crispness and freshness up to the 9th day of storage.

Conclusion

Commercially packaged lettuce loses its quality over time
and during its shelf time; two significant reasons of this qual-
ity loss are intensified browning and the damage to crispy
texture. In an attempt to maintain quality indicators, various
washing treatments were investigated in this study. Accord-
ing to the results, application of Calcium lactate 4+ heat shock
(50 °C) +hypochlorite + cysteine + ascorbic acid showed the
highest effects on preserving antioxidant activity and total
phenolic compounds of modified atmospheric packed lettuce
during 12 days of cold storage. Evaluation of current treat-
ments and procedures revealed that application of ascorbic
acid and sodium hypochlorite was useful in maintaining

®Day 6 8Day 9 BDay 12

‘Washing treatments

Fig.6 Effect of washing treatments on total phenolic compounds of
fresh-cut lettuce stored at 4 °C for 12 days. T;: sodium hypochlo-
rite+cysteine; T,: calcium lactate+heat shock; T;: sodium

hypochlorite +ascorbic acid; T,: sodium hypochlorite 4 calcium
lactate +heat shock; Ts: Calcium lactate+heat shock+ hypochlo-
rite 4 cysteine + ascorbic acid; Control: tap water
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most of the quality indicators. Combination of this treat-
ment with cysteine is suggested due to maintenance of more
phenolic compounds and providing more satisfaction of
consumers.
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