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The effect of different modified atmosphere packaging (MAP) treatments on the headspace
gas concentrations and sensorial attributes of fresh-cut lettuce cv. GKL-2 during
refrigerated storage (5±10C) was studied at Post harvest Laboratory of Horticulture
Section, College of Agriculture, Kolhapur. Five different MAP packaging viz., 100%
nitrogen (N2), 95% nitrogen (N2) plus 5% oxygen (O2), 10% carbon dioxide plus 3%
oxygen, and perforated film packaging (10 holes @ 1.5 mm per packet) including air
(Passive MAP) as control treatment were undertaken for study. The changes in headspace
gas concentrations including volatiles were slow in the fresh-cut lettuce packaged with
10% carbon dioxide and 3% oxygen upto 15 days at 5±1 0C. Decrease in oxygen (%) and
increase in carbon dioxide (%), ethylene (ppm), acetaldehyde (µLL-1) and ethanol
concentration was observed in all post-harvest treatments. The packaging of lettuce with
carbon dioxide (10%) and oxygen (3%) recorded minimum decrease in oxygen and
increase in carbon dioxide, ethylene, acetaldehyde and ethanol concentrations. The
maximum changes in headspace gas concentrations including volatiles viz. acetaldehyde
and ethanol were observed in perforated packaging treatment followed by air/passive
MAP. Carbon dioxide (10%) and oxygen (3%) MAP was best in retaining the sensory
attributes viz. color and appearance, taste, flavor, crispness and overall acceptability.

Introduction
The preparation and distribution of fresh-cut
vegetables is a rapidly developing industry
that
provides
the
consumers
with
conventional and nutritious food. Fresh-cut
products are commonly consumed directly
from the bags without any further rinse, a
convenience that is one of the main reasons
for the growing popularity of these products
(Rico et al., 2006). The beneficial effect has
been attributed to non-essential food
constituents, phytonutrients that pose a

relevant
bioactivity
when
frequently
consumed as a part of regular diet (Steinmetz
and Potter, 1996). Fresh-cut fruits &
vegetables emerged to fulfill this new
consumer’s demands of healthy palatable and
easy to prepare plant food (Allende et al.,
2006). Over the last years, the market for
minimally processed vegetables is growing
both in sales volume and assortment of
vegetables, e.g. vegetables salads of endive,
lettuce, carrots, pepper, potatoes, onions,
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cabbage, soybean, both as single vegetables
and in mixtures, completed with sauces and
dressings, as well as vegetables mixtures for
soups and stew (Dash et al., 2013). Lettuce is
currently consumed in minimally processed
fresh-cut and ready to use forms. Fresh-cut
lettuce, which represent more than 80% of the
total production of fresh-cut produce, has
been one of the more highly requested
commodities by fast food services and salad
bars over the past decade (Beltran et al.,
2005). But the minimal processing cause
surface damage increasing lightly the tissue
respiration and leading to biochemical
deterioration of the fresh-cut fruits and
vegetables (Martin-Belloso et al., 2006).
Therefore, new technique for maintaining
quality and inhibiting undesired microbial
growth of fresh cut products are demanded in
all steps of the production and distribution
chain. The number of processing techniques
currently used by the fresh cut industry is use
of antioxidants, surfactants, sanitizers and
modified atmosphere packaging (MAP).
Modifying the atmosphere surrounding a food
product allow the preservation of fresh state
of the product without the temperature or
chemical treatments used by competitive
preservation techniques, such as canning,
freezing, dehydration and other processes.
Oxygen carbon dioxide and nitrous oxide are
most often used in MAP (Sandhya, 2015).
Oxygen is probably the most important gas in
this context being used metabolically by both
aerobic spoilage microorganisms and plant
tissues and taking part in some enzymatic
reactions in food including the compounds
such as vitamins and flavours. Carbon dioxide
is most effective in foods where the normal
spoilage organisms consist of aerobic, gramnegative psychrotropic bacteria (Church,
1994). The objective of this research was to
determine the effect of modified atmosphere
gas
packagings
on
headspace
gas
concentrations including volatiles and
sensorial attributes of fresh-cut lettuce.

Materials and Methods
Sample preparation
The healthy and fresh lettuce leaves cv. GKL2 obtained from the Instructional-cumresearch farm of Horticulture section, College
of Agriculture, were used for experiment.
Lettuce leaves were hand-harvested using
disinfected scissors. On the same day, the
lettuce leaves were transported to the
laboratory in a thermocole boxes. The leaves
were washed in 200 µLL-1 chlorine solution
and were surface dried under ambient
conditions. Defective and damaged leaves
were discarded. After weighing, the lettuce
leaves were gently cut in pieces of 5 cm wide
using a sharp knife. The cut lettuce was held
for 1 min in running tap water immediately,
and then excess water drained on a stainless
steel mesh for 5 minutes. The fresh-cut lettuce
pretreated with ozonated water plus calcium
lactate solution was air dried and packed in
polypropylene bags with different atmosphere
modifications. The packagings were carried
out with hand sealer in a closed glass chamber
with
desirable
modified
atmosphere
concentrations. The healthy and fresh-cuts
pretreated leaves were divided into lots for
further packaging treatment viz. Air or
passive MAP, 100% nitrogen (N2), 95%
nitrogen (N2) plus 5% oxygen (O2), 10%
carbon dioxide (CO2) and 3 % oxygen (O2).
The pretreated fresh-cut lettuce leaves
weighing 250g were filled in each presterlized
polypropylene bag and were flushed with
different modified atmosphere packaging.
Flushed pretreated fresh-cut lettuce leaves
samples sealed in polypropylene bags were
kept in refrigerated storage at 5±10C.
Head space gas concentrations including
volatiles
The in-package atmosphere (O2, CO2) was
measured with a portable headspace O2 and
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CO2 gas analyzer drawing up to 2 mL of air
samples. Sampling was done with a
hypodermic needle through a silicon septum
pasted on the packaging. The headspace
volatiles ethylene, ethanol and acetaldehyde
were sampled from the package on the initial
and end of storage period.
The headspace volatiles were determined by
injecting 1 mL gas sample into a gas
chromatograph equipped with alumina
60/80/100 mesh packed column. Ethylene,
CO2 and O2 standards were obtained as a
mixture of 1 ppm ethylene, 1 % O2 and 5 %
CO2. A 98 ppm acetaldehyde standard was
made at 2°C by pipetting 1 ml of pure
acetaldehyde on a piece of filter paper and
moved to 23°C and allowed to come to
equilibrium.
Sensorial analysis
Overall acceptability score determined on the
basis of flavor, appearance, taste, crispness
and microbial limit tests parameters of
samples by a panel of testers based on rating
with nine point Hedonic scale given by
Amerine et al., (1965) was considered.
Overall rating was calculated and a score of
5.0 and above was considered as acceptable.
Products that obtained less than 5.0 score
were terminated.
Statistical analysis
The data was reported as an average value of
replicates with standard deviation. Analysis of
variance (ANOVA) was performed using
IBM SPSS statistics 22 (Windows 8.1,
Statistical analysis). The level of significance
for all the tests was α=0.05. Followed by
Duncan’s Multiple Range Test (P≤0.05) was
carried out to evaluate significant statistical
difference of data. For the data expressed as
proportions arcsine transformation was
applied before analysis.

Results and Discussion
Headspace gas concentrations
Oxygen, carbon dioxide and ethylene content
in the modified atmosphere packagings with
different composition of gases containing
fresh-cut lettuce leaves were analyzed (Fig.
1). Changes in package compositions during
storage are a function of different gas
compositions undertaken for study. In M1
treatment percent oxygen in packaged freshcut lettuce was 20.97. In M2, M3 and M4
oxygen maintained was 0.00, 5.00 and 3.00 %
respectively (Fig. 1). The maximum
concentration of oxygen (14.6%) recorded in
M1 (control) in the headspace while M2, M3
and M4 recorded 0.567, 2.827 and 2.547
percent headspace oxygen concentration
respectively (Fig. 1). During entire storage
period of up to 15 days at 50C, M4 packagings
treatment (10% carbon dioxide plus 3%
oxygen) showed minimum oxygen (0.037%)
in headspace (Fig. 1) The maximum
consumption of oxygen was recorded in the
M1(control)indicating oxygen utilization in
physiological processes (Fig. 1).
During measurement before storage, carbon
dioxide concentration increased in all
treatment (Fig. 1). The carbon dioxide
concentration in headspace of packages had
shown increasing trend irrespective of
modified atmosphere packagings. During
entire storage period of up to 15 days at 50C,
M4 packagings treatment (10% carbon dioxide
plus 3% oxygen) registered minimum changes
in carbon dioxide concentration (9.798 to
10.820%) in headspace while treatment
M1recorded maximum increase of carbon
dioxide (from 5.045 to 10.043%) at all the
stages of storage (Fig. 1).
Decrease in oxygen concentrations and
increase in CO2 was less in M4 (10% CO2 plus
3%O2). It might be due to less respiration rate
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as reported by Kim et al., (2005) and Mattos
et al., (2013) on Crisphead lettuce in fresh-cut
Romaine lettuce study. A rapid consumption
of oxygen and evolution of CO2 was noticed
in M1 (Control) (Fig. 1). This might be due to
high rate of physiological activities like
respiration, polyphenol oxidase activities and
transpiration losses as reported by MartinBelloso et al., (2006) in fresh-cut fruits and
vegetables and by Manolopoulou et al.,
(2010) in fresh-cut Romaine lettuce.

atmosphere
packagings
treatments.
Significantly high ethylene concentration
(0.676 ppm) was recorded in M1 (Passive
MAP) at 3rdday of storage (Fig. 1). Among all
the MAP treatments, M4registered the
minimum ethylene concentration (0.844%)
throughout the storage period (Fig. 1). The
ethylene biosynthesis is relatively very less in
fresh-cut lettuce leaves packed in different
atmospheric compositions over 15 days of
storage period (Fig. 1). This might be due to
the occurrence of climacteric peak of ethylene
production in early hours after minimal
processing as reported by Kim et al., (2005)
and Mattos et al., (2013) in minimally
processed lettuce.

At the beginning of the storage, initial
ethylene concentration in the headspace of
fresh-cut lettuce was 0.548 ppm and
significantly influenced by various modified

Table.1 Effect of modified atmosphere packagings on the colour appearance and flavour of the
pretreated fresh-cut lettuce stored at 5±10C
Treatment
Initial value
M1
M2
M3
M4
M5
SE
CD at 1%

Color and appearance (Score)
Storage period in days
3
6
9
9.00
9.00
9.00
8.650b
8.050c
7.550d
8.800a
8.650a
8.025b
8.775ab
8.500b
7.850c
a
a
8.850
8.675
8.250a
8.650b
6.475d
0.033
0.039
0.035
0.137
0.164
0.150

12
9.00
6.800c
7.550a
7.375b
7.600a
0.028
0.121

15
9.00
7.300b
6.85c
7.500a
0.037
0.171

Flavor (Score)
Storage period in days
3
6
9
9.00
9.00
9.00
8.550b
8.250b
7.650c
8.625b
8.425a
8.125b
8.575b
8.275b
8.025b
a
a
8.875
8.500
8.325a
8.325c
7.550c
0.032
0.030
0.048
0.132
0.126
0.209

12
9.00
6.850d
7.450b
7.350c
7.650a
0.029
0.125

15
9.00
7.200b
6.825c
7.300a
0.026
0.108

‘-‘ indicates termination of treatments
*Duncan’s Multiple Range Test (P≤0.05)
M1 : Air/ Passive MAP
M2: 100% Nitrogen flushing
M3: 95% Nitrogen + 5% Oxygen flushing
M4 : 10% Carbon dioxide + 3% Oxygen flushing
M5: Perforated Film Packagings (10 holes @1.5 mm per packet)

Table.2 Effect of post-harvest treatments on the taste, crispness and overall acceptability score
of the pretreated fresh-cut lettuce stored at5±10C
Treatments
3
Initial
Value
M1
M2
M3
M4
M5
SE
CD at 1%

Taste
Storage period in days
6
9
12

15

3

Crispness
Storage period in days
6
9
12

15

3

Overall acceptability
Storage period in days
6
9
12

15

9.00

9.00

9.00

9.00

9.00

9.00

9.00

9.00

9.00

9.00

9.00

9.00

9.00

9.00

9.00

8.625b
8.675b
8.650b
8.925a
8.300c
0.039
0.163

8.375c
8.500b
8.400c
8.700a
6.450d
0.036
0.149

7.700d
8.350b
8.250c
8.450a
0.032
0.139

7.375c
7.550a
7.675b
7.750a
0.104
0.146

7.350b
7.250c
7.525a
0.028
0.127

8.625
8.675
8.65
8.925
8.3
0.039
0.164

8.375
8.5
8.4
8.7
6.45
0.036
0.150

7.7
8.35
8.25
8.45
0.032
0.139

7.375
7.675
7.55
7.75
0.034
0.146

7.450
7.250
7.525
0.028
0.127

8.650b
8.800a
8.775ab
8.850a
8.650b
0.033
0.137

8.050c
8.650a
8.500b
8.675a
6.475d
0.039
0.164

7.550d
8.025b
7.850c
8.250a

6.800c
7.55a
7.375b
7.600a

7.300b
6.850c
7.500a

0.035
0.150

0.028
0.121

0.037
0.171

‘‘-‘ indicates termination of treatments
*Duncan’s Multiple Range Test (P≤0.05)
M1 : Air/ Passive MAP
M2: 100% Nitrogen flushing
M3: 95% Nitrogen + 5% Oxygen flushing
M4 : 10% Carbon dioxide + 3% Oxygen flushing
M5: Perforated Film Packagings (10 holes @1.5 mm per packet)
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Fig.1 Effect of modified atmosphere packagings on headspace gas concentrations in the
packages of pretreated fresh-cut lettuce stored at 5±10C

M-1 : Air/ Passive MAP
M-2: 100% Nitrogen flushing
M-3: 95% Nitrogen + 5% Oxygen flushing
M-4 : 10% Carbon dioxide + 3% Oxygen flushing
M-5: Perforated Film Packagings (10 holes @1.5 mm per packet)
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After that a slight change was observed in all
packagings
irrespective
of
packagings
treatments. However, minimum increase was
observed in CO2 enriched atmosphere (M4)
because of less respiration and antimicrobial
effect of carbon dioxide which was
supplemented with low storage temperature
(50C) as reported by Sandhya (2010) in fresh
produce. At 50C, as the storage period
advanced, ethanol concentration in the
headspace was increased gradually (Fig. 1). The
maximum increase in the headspace ethanol
concentration (3.954 µLL-1) was recorded by
M1. M4 (10% carbon dioxide plus 3% oxygen)
registered the minimum ethanol concentration
(0.696µLL-1) in the headspace of lettuce
packages over the storage period (Fig. 1).
Initial acetaldehyde concentration in the
headspace of modified atmosphere packaged
fresh-cut lettuce bags was significantly
influenced by treatments under study. Among
all MAP treatments, M4 (10% carbon dioxide
plus 3% oxygen) treatment registered the
minimum acetaldehyde release (4.050 µLL-1) in
headspace of fresh cut lettuce packages up to
15th day of storage at 50C while maximum
concentration (5.17 µLL-1) of acetaldehyde was
recorded in control (M1) up to 12 days (Fig. 1).
Variation in fermentative volatile production
among modified atmosphere packagings
treatments was observed (Fig. 1). This might be
due to the different rates of oxygen
concentration and CO2 accumulation inside the
package. Maximum ethanol and acetaldehyde
was observed in M1 (control). This might be to
the higher respiratory activity on initial stages
and anaerobic conditions in late stages which
led to fermentation process. The Similar results
were reported by Kim et al., (2005) on Romaine
lettuce and by Escalaona et al., (2007) in freshcut lettuce.
Sensorial analysis
With the advancement of storage period, overall
acceptability of fresh-cut lettuce decreased
irrespective MAP treatment (Table 2). Score for
overall acceptability of fresh-cut lettuce was

significantly influenced by MAP conditions. At
the end of 6th day of storage, M5 (perforated
packaging) treatment registered lowest score
(6.475) for the overall acceptability. The MAP
conditions M4 (10% carbon dioxide plus 3%
oxygen) recorded maximum acceptability score
(7.500) throughout the storage period of 15 days
(Table 2). The pre-treated lettuce fresh-cut
leaves packaged with 10 % carbon dioxide and
3% oxygen maintained or enhanced colour and
appearance, taste, flavor, retained freshness,
crispness and recorded maximum acceptability
score (7.500) throughout the storage period of
15 days (Table 1 and 2).This maintained fresh
like quality upto 15 days at 50C followed by 100
% nitrogen flushing packagings (Table 1 and
Table 2).The carbon dioxide enriched
atmosphere, M4 (10% CO2+3%O2) reported
higher score at all stages (days) for all visual
quality markers viz., appearance, taste, flavor,
crispness and overall acceptability (Table 1 and
2). The modified atmosphere packagings
recorded maximum score at the end of storage
period as compared to control (M1). This
maximum overall acceptability in M4 might be
due to the effectiveness of carbon dioxide
enrichment which led to reduced enzymatic
browning, minimum decay, minimum moisture
and physiological loss in weight. The similar
results were reported by Escalano et al., (2007),
Hamza et al., (2007) and Barriga et al., (2006)
in minimally processed lettuce at cold storage
conditions.
MAP with 10% carbon dioxide plus 3% oxygen
flushing and MAP with 100% nitrogen flushing
extended shelf life of pretreated fresh cut lettuce
up to 12-15 days when stored at 5±10C.
Pretreated fresh-cut lettuce packaged in
perforated bags (M5) recorded shelf life up to 6
days only. The control (air/passive MAP)
treatment recorded maximum decrease in
physicochemical and sensorial parameters with
rapid increase in microbial count at 5±10C.
Decrease in percent moisture, ascorbic acid,
polyphenol, headspace oxygen and sensory
parameters while increase in physiological loss
in weight, headspace carbon dioxide, ethylene,
ethanol, acetaldehyde concentrations and
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microbial count was recorded in all MAP
conditions. The MAP treatment, M4 (10%CO2
plus 3% O2) recorded minimum changes in
physico-chemical parameter, headspace gas
concentrations with minimum accumulation of
volatiles, and minimum microbial count under
refrigerated storage.
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