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Introduction

A large demand for fresh, healthy, and convenient food has led to a tremendous
growth of ready-to-use (RTU) vegetable industry, as fresh cut fruits and vegetables
are defined products that have been trimmed and/or peeled and/or cut into 100 %
usable product that is offered to the customer and retains high nutrition value, con-
venience, and flavor (Rico et al. 2007).

Respiration of vegetables can be defined as the activity of degradation of com-
posite organic compounds such as sugars, organic acids, amino acids, and fatty
acids for the final result of energy production through oxidation. The enzymic reac-
tions are called respiration (Ooraikul and Stiles 1990). Ethylene has a leading role
on the metabolic activities of the plant, increasing respiration rate and accelerate
ripening and senescence (Nguyen-the and Carlin 1994; Lin and Zhao 2007).
Transpiration is the loss of humidity from plant tissues. Water loss can lead to a seri-
ous quality loss. Enzymic browning can be treated as one of the main causes for
quality loss in fruits and vegetables. In lettuce, altered phenol metabolism plays an
important role in tissue browning (Saltveit 2000).
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Chapter 1

Application of Modified Atmosphere
Packaging on Quality of Selected Vegetables:
A Review

1.1 Chemical and Microbiological Parameters
Affecting Shelf Life

The most common persistent organic pollutants (POPs) occurring were Dichloro-
diphenyl trichloroethane (DDT) and its metabolites (found in 21 % of samples
tested in 1998 and 22 % in 1999), and dieldrin (found in 10 % of samples tested in
1998 and 12 % in 1999) while residues of five and more chemicals could be occur-
ring in a single food item (Schafer and Kegley 2002). Lettuce was shown to have the
highest concentration of fungicides while Swiss chard appeared to have the highest
levels of insecticides. Washing, blanching, and peeling of vegetables led to a
50-100 % reduction in some cases of pesticide levels (Chavarri et al. 2005).
Cadmium, copper, lead, chromium, and mercury pose an important threat and can
be detected in high concentrations in vegetables (Islam et al. 2007).

The use of any microbial preventive technique is excluded in the case of mini-
mally processed vegetables because of the serious impact on their quality (Zagory
1999). Growth in open spaces and postharvest handling create an elaborate spoilage
microflora on vegetables due to contact with various types of microorganisms
(Villanueva et al. 2005). The type of the vegetable can determine both the type of
spoilage and subsequent quality deterioration (Jacxsens et al. 2003). Pseudomonas,
Enterobacter and Erwinia are the predominant species, while Gram™ amount to
80-90 % of bacteria detected (Francis et al. 1999).

Asparagus, broccoli, cauliflower, carrot, celery, cherry tomatoes, courgette,
cucumber, lettuce, mushroom, pepper, turnip, and watercress are some of the vege-
tables in which Aeromonas spp. was isolated (Merino et al. 1995). Mushrooms from
retail markets in United States and various produce items sampled from farmers’
markets in Canada were contaminated with Campylobacter (Harris et al. 2003). The
assembly of ready-to-eat (RTE) meals containing beef or other potential carriers of
E. coli 0157:H7 combined with raw salad vegetables may lead to their contamination
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(Abdul-Raouf et al. 1993). A number of surveys stated the presence of Listeria
monocytogenes on cucumber, peppers, potato, radish, leafy vegetables, bean sprouts,
broccoli, tomato, and cabbage at sailing points (Heaton and Jones 2008).

1.2 Modified Atmosphere Packaging (MAP)

MAP is a technique for extending the shelf life of fresh and minimally processed
food. During the atmosphere modification procedure the air surrounding the
product is replaced with the desired composition. MAP is applied in a wide variety
of products and the mixture of gases used are selected and affected by many factors
such as storage temperature, type of the product and packaging materials (Sandhya
2010).

In MAP/Controlled atmosphere (CA) oxygen, carbon dioxide and nitrogen are
the most common gases used. Nitrous and nitric oxides, sulfur dioxide, ethylene,
chlorine, as well as ozone and propylene oxide have been used in many experiments
to investigate their effect on the postharvest quality of vegetables. The afore-
mentioned gases did not find commercial use due to high cost and safety and regu-
latory considerations. The compositions of gases used in MA are, inert blanketing
using N,, semi-reactive blanketing using CO,/N, or O,/CO,/N,, or fully reactive
blanketing using CO, or CO,/O, (FDA/CFSAN 2001).

The use of MAP can result in reduction of respiratory activity, retardation of
softening and ripening and restraint of pathogens and reduced incidence of various
physiological disorders (Caleb et al. 2012).

In all food preservation techniques there are critical parameters that play an
important role in shelf life prolongation, functionality and effectiveness of the
method. The effect of storage temperature, gas composition, the nature of the
products and the wrapping film is important to be defined and evaluate any interac-
tions in order to achieve the optimal results of modified atmosphere packaging
(Arvanitoyannis and Bouletis 2012).

1.3 Temperature

Temperature is an extremely important factor during packaging design due to its
effect on the physiology of the product. One of the main responses to stress is pro-
tein dysfunction, disrupting cellular homeostasis, known as heat shock proteins.
The production of these proteins is triggered by conditions like oxidative stress,
low temperatures and fruit ripening. Exposure of sensitive products to low storage
temperatures may have beneficial effect on shelf life and preserve quality but there
are some limitations. If these limits are exceeded may lead to chilling injury
(Aghdama et al. 2013).
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Preserving the ideal storage temperature in all sections of the postharvest
handling chains is vital for the quality and the shelf life of the product. When truck
or sea transportation is involved, temperature limits can be attained but the extended
transport time may be prohibitive for short-life products to reach all the available
markets. On the other hand, air transport offers limited transportation time but a
significant transgression of temperature limitations is involved both during flight
and ground operations (Brecht et al. 2003).

1.4 Gas Composition

MAP conditions are usually used to prevent microbial growth and ensuing spoilage.
CO, is used for this purpose either alone (in 100 % concentrations) or combined
with O, and N, and plays an important role in shelf life extension of the product by
preventing the growth of aerobic microflora (Puligundla et al. 2012).

Oxygen is necessary for several processes that lead to quality degradation of the
product such as fat oxidation, browning and pigment oxidation. Furthermore an
atmosphere rich in O, favors the growth of all aerobic bacteria and fungi. Therefore,
to avoid any of these situations most of atmosphere modifications contain low
concentrations or absence of oxygen (Sandhya 2010).

N, is an inert gas used for filling the additional space in the package to prevent
potential collapse. It has low solubility in water and lipids (Phillips 1996).

CO is a gas not very soluble in water but with enhanced solubility in organic
solvents. Its use was permitted in the U.S. in packed lettuce due to its ability to
browning prevention. The very limited applications in the food industry are a result
of both its toxicity and its explosive nature (Sandhya 2010).

1.5 Nature of the Product

The process in which organic materials (carbohydrates, proteins and fats) are
degraded into simple end products with simultaneous energy emission is called res-
piration. Through this process, CO, is a final by-product and O, is consumed.
Respiration continues even after harvest and during storage, so it is crucial that each
type of vegetable interacts with the surrounding atmosphere and if the conditions
are not satisfactory, physiological disorder occurs (Workneh and Osthoff 2010).

Ethylene (C,H,) is a plant hormone that significantly affects the physiological
process of the plants. Storage temperature, injuries, disease occurrence and water
absence induce ethylene formation. Rapid ripening and increased respiration lead-
ing to shortened shelf life are directly affected by ethylene exposure. Specific pack-
aging conditions can lead to reduced ethylene formation and consequently to
prolonged shelf life (Irtwange 2006).
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Transpiration is another process that significantly affects post-harvest quality of
the product. When the produce is harvested from the growing plant, the continuous
water supply is interrupted and the only source for transpiration is the internal water
content. Therefore, increased post-harvest transpiration can result in weight loss
and shriveling, which may cause rejection of the product on the markets. Surface-
to-volume ratio, injuries, morphological and anatomical characteristics, maturity
stage and in package conditions such as temperature, relative humidity (RH), air
movement and atmospheric pressure are some of the factors that can affect transpi-
ration rate of fresh produce (Caleb et al. 2013).

1.6 Packaging Film

Polymeric compounds are the main materials for flexible package structures used
for MAP but they can also be applied to a rigid or semi-rigid packaging solution
such as a lidding on a tray. Low-density polyethylene (LDPE), linear low-den-
sity polyethylene (LLDPE), high-density polyethylene (HDPE), polypropylene
(PP), polyvinyl chloride (PVC), polyester, i.e. polyethylene terephthalate (PET),
polyvinylidene chloride (PVDC), polyamide (Nylon) are some of the plastic films
used in MAP (Mangaraj et al. 2009). Characteristics of the film that can affect atmo-
sphere modification and must be carefully selected are film permeability to O,, CO,
and water vapor, film thickness, package surface area and free volume inside the
package (Caleb et al. 2013).

The selection of the optimal packaging material for each vegetable depends on
several factors:

. The form of package (rigid tray or flexible pouch)

. 0,, CO, and water vapor transmission rates.

. Physical characteristics of film (clarity, durability, stretch capability, etc.)

. Heat sealing ability, anti-fogging properties

. Sealing properties

. Resistance to chemical factors

. Absence of toxicity and interaction with the product

. Itis a clear need for a printable, cheap and commercially suitable film (Mangaraj
et al. 2009).

0NN LN A~ W

Edible coatings are thin layers of edible material that provide either protection or
act as a barrier for moisture, oxygen and solute movement for the food and were first
recorded in the early twelfth century (wax coating). The main action of edible coat-
ings is the accumulation of CO, produced through respiration within the product
that eventually leads to partial anaerobic conditions. Thus the product consumes
less oxygen and ethylene production is restrained. Polysaccharides, proteins, lipids,
and composites are some of the materials used for edible coatings. (Dhall 2013).
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1.7 MAP Application on Vegetables

1.7.1 Roots
1.7.1.1 Lotus

Lotus roots were treated with chitosan coating and subsequently stored under MAP
at 4 °C for 10 days. L* values of treated samples differed significantly from the
control (68.8 and 48.9 for treated and control samples, respectively after 8 days of
storage). MDA (malondialdehyde) content (8.2 nmol/g after 8 days of storage) and
PPO (polyphenol oxidase) activity (520.7 U/min mL at the end of storage) were
lower compared to control (Xing et al. 2010).

1.7.1.2 Carrots

Growth potential of inoculated pathogens such as Escherichia coli O157:H7, was
tested on carrots stored under PMAP (two OPP films were used with OTR of 3,500
and 1,100 cm® m~2 day~! atm.™' for OPP 1 and OPP 2 respectively) at 5 and 25 °C
for 8 days. E. coli O157:H7 reached 7, 8 and 8.4 log CFU/g on samples stored in
OPP 1, OPP 2 and control bags, respectively after 3 days of storage at 25 °C. At
5 °C, pathogens strains survived but did not increase their populations (Abadias
et al. 2012).

Alasalvar et al. (2005) focused on shredded orange and purple carrots under
MAP (95 % O,/5 % CO,, 5 % Oy/5 % CO,) at 5+2 °C. A major decrease in antioxi-
dant activity (from 220 to 180 pmol TE/g) under specific conditions (95 % O,+5 %
CO,) was reported for purple carrots. A significant reduction of the accumulation of
total phenols resulted in better sensory quality and extended shelf-life for purple
carrots (for at least 2-3 more days).

Amanatidou et al. (2000) studied the impact of high O, and high CO, MA (90 %
0,/10 % CO,, 80 % 0,/20 % CO,, 50 % 0,/30 % CO,, 70 % 0,/30 % CO,, 1 %
0,/10 % CO,) in the presence of citric acid (0.1 or 0.5 %), hydrogen peroxide, chlo-
rine, CaCl, and an alginate edible coating on the preservation of carrots. The origi-
nal appearance of the carrots for 8 days at 8 °C was maintained by applying citric
acid 0.5 % (w/v). Firmness of carrots and initial pH were not affected by the chlo-
rine treatment. Satisfactory quality was recorded for carrots stored in lesser than
50 % 04/30 % CO,.

Passive MAP at both temperatures led to a severe decrease in pH of carrots.
Inoculation with microorganisms such as Listeria or Salmonella influences the
product’s pH probably because of metabolism by-products. Treatment with chlorine
dioxide induced minor pH changes versus storage (Fig. 1.1).

Ready-to-eat (RTE) carrots, after being peeled and sliced, were packed (4 °C)
under passive (PP film used) and A MAP at low (5 % O,, 10 % CO,,) and high
oxygen concentrations (80 % O,, 10 % CO,) after dipping into citric acid
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Fig. 1.1 Changes in pH of carrots under passive or active MAP vs. storage time [MAP 1 (2.1 %
0,/4.9 % CO2/93 % N,), Tassou and Boziaris (2002), PMAP 1 (P-Plus with equilibrium atmo-
spheric conditions of 10 % O,/10 % CO,), PMAP 2 (P-Plus with equilibrium atmospheric condi-
tions of 6 % O,/15 % CO,), Barry-Ryan et al. (2000), MAP 2 (4.5 % O,/8.9 % CO,/86.6 % N,) for
grated carrots, Gomez-Lopez et al. (2007a), MAP 3 (2.1 % O,/4.9 % CO,/93 % N, and inoculation
with Salmonella strains), MAP 4 (2.1 % 0,/4.9 % CO,/93 % N, and inoculation with L. monocy-
togenes strains), Kakiomenou et al. (1998)]

(0.1 % w/v for 15 min). The deterioration of the specimens’ texture at both passive
and A MAP conditions especially after 14 days of storage suggested significant
softening. However, there was neither yeast nor mould growth reported during the
21 days of storage in any of the applications (Ayhan et al. 2008).

Different packaging films (OPP, Pebax with hydrophilic coating, polyether block
amide, P-plus 1, P-plus 2) and storage temperatures (3 and 8 °C) were applied to set
up a range of EMA for storage of shredded carrots. The product packed in P-plus 1
at 3 °C and in OPP at 8 °C displayed the highest appearance scores, whereas the
highest aroma scores were attributed to product packed in the P-plus films. A P-plus
microporous film was found to be the most suitable for the storage of shredded
carrots according to Barry-Ryan et al. (2000).

Shredded, dipped in a chlorine solution, inoculated with L. monocytogenes
strains carrots, were stored (at 5 and 15 °C) under MAP (3 % O,). Cutting method
(whole or shredded carrots), chlorine additive, and MAP had no impact on the sur-
vival or growth of L. monocytogenes or naturally occurring microflora. Populations
of mesophilic aerobes, psychrophiles, and yeasts and moulds enhanced throughout
storage at 5 and 15 °C according to Beuchat and Brakett (1990).

Carrot discs at 4 and 8 °C with edible coating (Natureseal) prior to packaging
(OPP or microperforated polypropylene PA¢, film) were used by Cliffe-Byrnes and
O’Beirne (2007) to allow for MA conditions for storage. The use of Natureseal had
substantial beneficial effect on the appearance of carrot discs packaged with PAg,
improving sensory scores, which appeared to be due to a reduction in surface whit-
ening and moisture loss. No presence of ethanol was detected in PA4, packages.
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Gleeson and O’Beirne (2005) investigated the inoculation of sliced carrots (with
blunt or sharp machine blade and a razor blade) with E. coli and L. innocua and
storage under passive MAP (8 °C). They found that E. coli counts on razor sliced
carrots were approximately 1 log cycle lower than counts on the blunt or sharp
machine blade sliced carrots. Subsequently, E. coli survived better on carrots sliced
with blades that caused the most damage to cut surfaces.

Gomez-Lopez et al. (2007a) monitored the effect of gaseous chlorine dioxide
treatment in conjunction with MAP (4.5 % O,+8.9 % CO,) to reach shelf life exten-
sion of grated carrots stored at 7 °C. After ClO, treatment, the decontamination
levels (log CFU/g) obtained were 1.88, 1.71, 2.60, and 0.66 for mesophilic aerobic
bacteria, psychrotrophs, lactic acid bacteria (LAB) and yeasts, respectively. The
treated samples showed yeast counts that were initially only minimally reduced
with respect to the untreated ones, and reached the same level on the fifth day
(Table 1.1).

The survival of inoculated S. enteritidis and L. monocytogenes on shredded car-
rots under MAP (2.1 % 0,/4.9 % CO,, 5.2 % O,/5 % CO,) at 4 °C was analyzed by
Kakiomenou et al. (1998). Even though both pathogens survived they did not grow
regardless of the packaging system used. It was detected that numbers of total viable
counts (TVC) and LAB were always lower in samples stored under MA conditions
than in those stored aerobically.

Grated carrots, inoculated with E. coli (6 log CFU/g) and stored at 4+ 1 °C were
used to assess the efficiency of gamma irradiation (doses from 0.15 to 0.9 kGy) in
conjunction with MAP (60 % O,+30 % CO,) by Lacroix and Lafortune (2004).
Inoculated E. coli was completely eliminated at doses >0.3 kGy in samples treated
under MAP. A 4 and 3 log reduction in samples treated under MAP and under air
was reported.

Carrots were washed in hydro-alcoholic solution (30 % v/v in ethanol), coated
into a sodium alginic (4 % w/v) water solution and then washed again in the alco-
holic solution and subsequently stored under both PMAP (PP film with OTR:
2,076.9 cm*/m? day) and AMAP (10 % O,/10 % CO,) at 4 °C. Lag phase of micro-
bial population on coated samples was extended with cell loads remaining stable at
3 log CFU/g for the initial 7 days. Combination of both PMAP and AMAP and
coating of carrots offered a shelf life extension of 12 days compared to control
(Mastromatteo et al. 2012).

Pilon et al. (2006) investigated carrots stored under air, vacuum and MA condi-
tions (2 % O,+10 % CO,) at 1 +1 °C for 21 days (LDPE-BOPP film). Average val-
ues recorded for pH ranged from 6.2 to 6.5 for minimally processed carrot, over
different storage periods, whereas vitamin C remained intact up to 21 days of stor-
age. For the minimally processed carrot, faecal and total coliforms, anaerobic meso-
philes and Salmonella could not be detected in any of the treatments.

Grated carrots stored in air, MA (2.1 % O,, 4.9 % CO,) were used to monitor the
fate of inoculated Salmonella enteritidis and vacuum at 4 °C to trace the presence of
Lactobacillus irrespectively of the size of its inoculum. As Tassou and Boziaris
(2002) pointed out, acetic acid was produced mostly under modified atmosphere in
comparison with samples stored under vacuum or aerobic conditions.
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1.7.1.3 Ginseng

Passive MAP (PVC and LDPE films) at 0, 10 and 20 °C was applied to store fresh
ginseng. The lowest weight loss was recorded at 0 °C (1.9 and 4.9 % for PVC and
LDPE, respectively) and the highest weight loss at 20 °C (5.6 and 6.6 % for PVC
and LDPE, respectively). Storage at 0 °C, especially in PVC packages helped to
obtain lower decay rate (1 %) while at the same time its reducing sugar content
increased from initial 8.2 to 22, 23.2 and 39.9 mg/g at 0, 10 and 20 °C, respectively.
The shelf life of ginseng was prolonged up to 210 days (Hu et al. 2005).

American ginseng roots with an antimicrobial agent (dipping in 0.5 % DF-100
solution for 5 min), were stored at 2 °C under CA (2 % O, and 2, 5, and 8 % CO,)
or passive MA [PD-941 (high), PD-961 (medium) and PD-900 (low permeability)
polyolefin films used] conditions and studied by Jeon and Lee (1999). Ginseng sam-
ples stored under CA at 5 % CO, showed the least change in individual and total
ginsenosides. No changes in free sugars (17.74 % total sugars at harvest and 16.48
and 19.34 for CA at 5 % CO, and PD-961, respectively) were recorded after 3
months.

Macura et al. (2001) investigated the survival ratio of inoculated C. botulinum in
MA (Winpac medium transmission laminated film used) ginseng roots stored at 2,
10, and 21 °C. The development of anaerobic conditions was more rapid at higher
temperatures. C. botulinum toxin production at 10 °C was detected after 14 weeks
of storage, before all products were spoiled and rendered unfit for human consump-
tion. At 21 °C, the product spoiled first and then it became toxic.

1.7.2 Tubers
1.7.2.1 Sweet Potato

Sweet potatoes were sliced and stored under MA conditions using a low (PD-900),
medium (PD-961) and high (PD-941 polyolefin) permeability film at 2 °C or 8 °C
for 14 days. Samples stored in PD-900 and PD-961 films had significantly lower
weight losses compared to those in PD-941 film bags. Higher storage temperature
doubled the weight loss compared to samples stored at 2 °C. B-carotene content of
fresh-cut sweet potatoes at the end of storage had an average of 6.01 mg per 100 g
of FW (Erturk and Picha 2007).

McConnell et al. (2005) packed shredded sweet potatoes from two major com-
mercial cultivars (‘Beauregard’ and ‘Hernandez’) in low (PD-900) and medium
(PD-961) O, permeability bags at 4 °C and flushed them with gas composed of 5 %
0, and 4 % CO,. Samples from ‘Beauregard’ and ‘Hernandez’ cultivars stored under
MAP did not undergo any change in ascorbic acid contents (15.4 and 14.7 mg/100 g,
respectively). Sweet potatoes in PD-900 and PD-961 exhibited more than one log
lower total aerobic counts compared to control and PD-941 samples (7 and 8.2 log
CFU/g, respectively) for ‘Beauregard’ cultivar.
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1.7.2.2 Potato

In another research work, the effect of y-irradiation dose (0—1.5 kGy), citric acid
(0-1.0 %) and potassium metasulphite (KMS) dipping solutions concentration
(0-1.0 %) on potato cubes stored under MAP (PP film) at 4+ 1 °C for 4 weeks was
studied. At the end of the experiment the best quality parameters (L* value was
>48.50 %, a* value <0.95, b* value <7.5, hardness >100 N, sucrose concentration
<0.19 % and sensory score >6.0) obtained for samples irradiated (dose 1.0 kGy)
and dipped (citric acid concentration 0.33 % and KMS concentration 0.55 %) prior
to MAP (Baskaran et al. 2007).

The effectiveness of sanitizers [sodium sulphite (SS), sodium hypochlorite (SH),
Tsunami (T), ozone (O;) and the combination of ozone-Tsunami (O;T)] on the
sensory and microbial quality of fresh-cut potatoes stored under PMAP (LDPE
film) and vacuum packaging (VP) at 4 °C was investigated by Beltran et al. (2005b).
Browning was effectively controlled with maintenance of initial appearance only
for samples dipped in SS. The combination of O; and T was found to be the most
effective in reducing LAB, coliforms and anaerobic bacteria numbers by 3.3, 3.0
and 1.2 logs, respectively.

Gunes and Lee (1997) carried out an experiment within the frame of which pota-
toes were peeled with the abrasive peeler, a hand-peeler and a lye solution, treated
with antibrowning agents (dipping in 0.5 %L-cysteine, 0.5 % L-cysteine plus 2 %
citric acid mixture, 5 % ascorbic acid, 0.1 % potassium metabisulfite and stored
under AMAP with 9 % CO,/3 % O,) and stored under active (9 % CO,/3 % O,, 9 %
CO, and 100 % N, compositions) MAP at 2 °C. The incidence of browning was
reduced with the use of cysteine-citric acid mixture (6 % reduction of L*-value).
Manual peeling proved to be the best method with the lowest L*-value reduction
(3 %).

1.7.3 Leaves
1.7.3.1 Lettuce

The microbial quality of ‘Lollo Rosso’ lettuce under MAP at 5 °C with initial gas
atmosphere of 3 kPa O, and 5 kPa CO, was examined by Allende et al (2004b) and
showed that sensory attributes limited shelf life to 7 days due to severe off-odors.
LAB enhanced from 3 to 6 log CFU/g after 7 days of storage and for mesophiles and
psychrophiles there was a 3 log increase (from 5 to 8 log CFU/g) for the same
period. Subsequently, the sensory evaluation improved and tissue browning was
reduced due to the presence of low oxygen atmosphere.

Ares et al (2008) investigated the effect of both passive (PP film) and active (ini-
tial gas mixture of 5 % O, and 2.5 % CO,) MAP on the sensory shelf life of butter-
head lettuce leaves, stored at 5 and 10 °C. Lettuce leaves in PMAP, packaged and
stored at 5 °C, resulted in considerably higher off-odor, wilting appearance, and
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presence of stains on the leaf surface or browning on the midribs than those in
AMAP, thus indicating a higher rate of deterioration.

Combined ultraviolet-C radiation (0.4, 0.81, 2.44, 4.07, and 8.14 kJ/m?) and pas-
sive MAP (BOPP film used) were applied by Allende and Artes (2003a) to diminish
the growth of psychrotrophic (0.5-2 log CFU/g reduction) and coliform bacteria as
well as yeast growth. The sensory quality of lettuce pieces was not adversely
affected by this combined treatment when compared to control samples.

Aerobic counts with microbial limit of 7 log CFU/g were established by the
Spanish legislation exceeded on day 5 for control, and by day 8 for product treated
with 4.06 or 8.14 kJ/m? thereby showing that UV-C treatment and storage at 5 °C
under MAP (bioriented polypropylene film (BOPP) used) conditions prolonged
shelf life of ‘Lollo Rosso’ lettuce. Enhanced tissue brightness was due to the highest
dose whereas browning was reduced when 2.44, 4.07, and 8.14 kJ/m? were applied
(Allende and Artes 2003b).

Iceberg lettuce was examined in regard with the impact of packaging atmosphere
(PMAP with OPP film used with or without N, flushing) and storage temperature (3
and 8 °C) on total ascorbic acid (TAA) by Barry-Ryan and O’Beirne (1999). TAA
retention (14 and 12 mg/100 g for nitrogen flushed and OPP bags, respectively) over
that in unsealed bags (11 mg/100 g) increased by sealing the OPP bags (passive
MAP or nitrogen flush) and allowing a MA to develop.

AMAP (4 kPa O, and 12 kPa CQ,), as described by Beltran et al. (2005a), was
effective in controlling microbial growth in iceberg lettuce, thereby reaching 2.0 log
reduction in relation to samples stored in air. AMAP initiated a 2.0-3.5 log reduc-
tion of coliforms on sanitized samples [washing at 4 °C using three ozonated water
dips (10, 20, and 10 mg L' activated with ultraviolet-C light minimum total ozone
dose)], compared with water-washed samples. Shredded lettuce had an excellent
visual quality after washing for all treatments, and no browning was observed.

Two types of atmosphere modification (PMAP with PE bags used and A MAP
(AMAP) with the same bags and initial atmosphere 10 % O,—10 % CO,) and initial
wash with chlorinated water was tested on romaine lettuce stored at 8 and 20 °C. The
treatment with chlorinated water reduced initial mesophile counts by 1.5 log CFU/g.

Bidawid et al. (2001) investigated the effect of various modified atmospheres
(CO,, N, at 30:70, 50:50, 70:30 and 100 % CO,) on the survival rate of hepatitis A
virus (HAV) on romaine lettuce stored at 4 °C and at room temperature. Lettuce
stored under a MA of 70 % CO, was found to have the highest HAV survival rates
(83.6 %). The virus survival rates diminished significantly with an increase at stor-
age temperature. The higher CO, level caused injury and resulted in enhanced
browning, particularly under 100 % CO,.

Chua et al (2008) undertook the effort to evaluate the importance of temperature
abuse over the storage period. Several enterohemorrhagic E. coli strains, in spite of
their dysfunctional rpoS locus, were able to profit from applied MAP conditions and
metabolites presence from lettuce surfaces to induce acid resistance at growth per-
missive temperatures (>15 °C). However, for MAP-stored lettuce at tempera-
tures < 10 °C or for lettuce under aerobic conditions, no acid resistance was induced.
Low storage temperature and co-existence with L. innocua are hurdles for the
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E. coli inoculated.

—— PMAP |
—s— PMAP 2
—— PMAP 3
—— PMAP 4
—=— PMAP 5
—e— PMAP 6
4°c —+= PMAP 7
-=— PMAP 8

E. coli (log CFU/g)

0 2 4 6 8 10 12 14
Storage Time (Days)

Fig. 1.2 E. coli colonies inoculated on lettuce and stored under modified atmospheres. [PMAP 1
(with steady-state atmosphere of 3—4 % 0,/10-12 % CO,), for iceberg lettuce, PMAP 2 (with
steady-state atmosphere of 3—4 % O,/10-12 % CO,) for iceberg lettuce, Francis and O’Beirne
(2001), PMAP 3 (with oriented polypropylene as a packaging film) and inoculation with E. Coli
and L. innocua for razor blade cut iceberg lettuce, PMAP 4 (with oriented polypropylene as a
packaging film) and inoculation with E. coli and L. innocua for razor blade cut butterhead lettuce,
Gleeson and O’Beirne (2005), PMAP 5 and PMAP 6 (2 % 0,98 % N, and a film with OTR:
110 mL/m? cm?® day) and inoculation with E. coli O157:H7 strains and PMAP 7 and PMAP 8 (film
with OTR: 110 mL/m? cm® day and with 40 microperforations) and inoculation with E. coli
0157:H7 strains (Sharma et al. 2011)]

growth of inoculated E. coli, limiting its population down to acceptable levels, as
can be seen in Fig. 1.2.

An investigation was also carried out on the effect of different O, levels from 0
to 100 kPa in conjunction with 0, 10 and 20 kPa CO, on the respiration metabolism
of greenhouse grown fresh-cut butter lettuce. The concluding remark is that 80 kPa
O, (superatmospheric conditions) must be used in MAP to prevent fermentation of
lettuce when combined with 10-20 kPa CO, for the reduction of their respiration
rate (Escalona et al. 2006).

Fan and Sokorai (2011) investigated the effect of different irradiation doses (0.5
and 1 kGy) on quality of iceberg lettuce stored under MAP (nitrogen gas flush and
storage in bags with 6,000-8,000 mL/m?*/day OTR) at 4 °C for 14 days. The irradi-
ated samples stored under MAP maintained quality over the limit of sales appeal
(the limit was set to 5), while those stored at air showed extended tissue browning
and quality degradation (Table 1.2).

Treatment with warm water (dipping in water for 2 min in either 5 or 47 °C)
before irradiation (0, 0.5, 1 or 2 kGy) of iceberg lettuce and packaging under passive
MAP (films with OTR: 4,000 mL/h m?) at 3 °C was studied by Fan et al. (2003).
Less tissue browning was reported for lettuce dipped at 47 °C and irradiated at 0.5
and 1 kGy in comparison to corresponding irradiated samples dipped at
5 °C. Irradiated lettuce had better overall physical and sensory properties than non-
irradiated lettuce dipped at either 47 or 5 °C. Application of irradiation induced
higher antioxidant content which was nulled by the 47 °C water dip effect.
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Francis and O’Beirne (1997) studied the effect of temperature, antimicrobial
dips (100 ppm chlorine solution or 1 % citric acid solution for 5 min) and gas atmo-
sphere (initial gas flush with 100 % N, or passive MAP) on L. innocua and L. mono-
cytogenes inoculated on iceberg lettuce. Nitrogen flushing favored the Listeria
growth more than in unflushed packages while the use of antimicrobial dips led to
better survival of L. innocua at 3 °C.

Francis and O’Beirne (2001) investigated shredded iceberg lettuce during stor-
age at 4 and 8 °C and under PMAP in regard to the survival and growth of inocu-
lated L. monocytogenes and E. coli O157:H7 [oriented PP (OPP) film used]. L.
monocytogenes populations rose by approximately 1.5 log cycles during the 12-day
storage period at 8 °C, whereas final population densities of E. coli O157:H7 varied
in the range 6.5-7.0 log CFU/g.

Gleeson and O’Beirne (2005) analyzed the effects of different slicing methods
during storage (8 °C) on subsequent growth and survival of inoculated L. innocua
and E. coli on passive MAP (PMAP) preserved vegetables (sliced iceberg and but-
terhead lettuce). The slicing instrument is of great importance since slicing with a
blunt knife resulted in consistently higher E. coli and L. innocua counts during stor-
age than slicing with a razor blade (1.2 log CFU/g lower for L. innocua and 0.6 log
CFU/g for E. coli on butterhead lettuce).

Gomez-Lopez et al (2005) focused on the impact of intense light pulses decon-
tamination on the shelf-life of minimally processed lettuce stored at 7 °C in equilib-
rium MAP (films with OTR: 2,290 mL/kg h). Five days of experimentation made
evident that the psychrotrophic count of treated samples was kept lower (0.46 log
CFU/g reduction) than that for the controls whilst yeasts counts amount to 1.8 log
CFU/g at day 5 for treated lettuce were higher, but still at low levels.

Iceberg lettuce was treated with gaseous chlorine oxide and cysteine (0.5 % solu-
tion) and stored under MAP at 7 °C (initial atmosphere of 24 % O, and 9 % CO,)
conditions. Microorganisms (mesophiles and psychrotrophs) surviving decontami-
nation grew more rapidly than those present in non-decontaminated samples, as
reported by Gomez-Lopez et al. (2008). Therefore, decontamination can consider-
ably accelerate the spoilage rate.

Fresh-cut lettuce, washed with chlorinated water and stored under PMAP (poly-
olefin laminated film used) was irradiated at a mean dosage of 0.19 kGy. The result-
ing product had, 8 days after irradiation, microbial population of 290 CFU/g and
yeast population of 60 CFU/g, compared with values of 220,000 and 1,400 CFU/g,
respectively, for the non-irradiated control. Lettuce irradiated at 0.81 kGy required
a mean force of 1,236 N compared to 1,311 N for control (Hagenmaier and Baker
1997).

Jacxsens et al (2002a) used active atmosphere modification (AAM) (3 % O, and
5 % CO,) in order to assess temperature dependence of shelf life of mixed lettuce
(mixture of 20 % endive, 20 % curled endive, 20 % radicchio lettuce, 20 % lollo
rosso and 20 % lollo bionta lettuces) as affected by microbial proliferation. The
result of the temperature rise was a decrease of the lag-phase of spoilage micro-
organisms (105 h reduction from 2 to 4 °C). Lettuce retained its organoleptic char-
acteristics best at a storage temperature of 4 °C.
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Jacxsens et al (2002b) also investigated packaged minimally processed mixed
lettuce under various temperatures (from 5 to 20 °C) in a simulated cold distribution
chain, typical of commercial practice, on the microbial quality of EMA (3 % O, and
5 % CO,). The internal atmosphere in the packages remained in its aerobic range
during storage in the chain. However, yeasts were shown to be the shelf life limiting
group (day 4). Finally, color limited sensorial shelf life down to 5 days.

Jacxsens et al. (2003) attempted to evaluate the quality of mixed lettuce (mixture
of endive, curled endive, radicchio lettuce, lollo rosso and lollo bionta lettuces) with
an initial atmosphere of 3 % O, and 2-5 % CO, and two types of films (low and high
permeability). Lettuce stored under EMA (equilibrium modified atmosphere) (high
permeability film) had a shelf life of 6 days (limited by growth of psychrotrophs and
yeasts) whereas anaerobic conditions in packages of low permeability film resulted
in limited shelf life up to 3 days (due to ethanol production release).

Salmonella enteritidis and L. monocytogenes was inoculated to fresh lettuce that
was afterwards stored under MAP with initial head-spaces of 4.9 % CO,/2.1 %
0,/93 % N, and 5 % CO,/5.2 % 0,/89.8 % N,, respectively. Total aerobic counts and
lactic acid bacteria (LAB) were lower (0.4 and 0.5 log CFU/g, respectively) in the
treated samples. However, both studied pathogens survived but showed no growth
regardless of the packaging system applied (Kakiomenou et al. 1998).

Romaine lettuce leaves were sliced, washed, dried and packaged in films with
oxygen transmission rates (OTR) of 8.0 and 16.6 pmol s~' m= Pa~!, and with initial
O, headspace of 0, 1, 2.5, 10 and 21 kPa and stored at 5 °C. Ethanol accumulation
in 16.6 OTR packages was less than half of that in 8.0 OTR packages flushed with
<10 kPa O,. For both package types, the onset and the intensity of off-odors was
further delayed when flushed with 21 kPa O, than flushing with <10 kPa O,. Samples
flushed with 0 or 1 kPa O, displayed higher electrolyte leakage than those flushed
with higher concentrations of O, (Kim et al. 2005).

Romaine lettuce was stored under passive MAP (an LDPE and a medium density
PE film was used) under 0 or 5 °C for a storage period of 14 days. Ascorbic acid was
better preserved in LDPE packages at 0 °C (81.1 and 77.5 mg/100 g at 0 and 5 °C,
respectively). The best visual quality was recorded for samples stored in LDPE bags
at 0 °C (Manolopoulou et al. 2010).

The impact of cutting method and packaging film [BOPP and a polyolefin (PO)]
on sensory quality of butterhead lettuce stored at 5 °C was studied by Martinez et al.
(2008). In comparison with the fresh sample, dark stains significantly developed on
the 8th storage day for the lettuce stored in the BOPP film and cut manually with a
knife, on the 10th day for the lettuce stored both in the BOPP and PD-961 films
when cut, and on the 17th day in the PD-961 film and cut manually.

Winter harvested iceberg lettuce was vacuum-cooled and stored under PMAP
(perforated PP, PP 25, 30 and 40 pm) and AMAP (5 % O, and 0 % CO,), while
brown stain and heart leaf injury were only detected on heads packaged in unperfo-
rated bags. The best treatments for ensuring visual quality were the passive MAP in
40 mm PP and A MAP in 30 mm PP. Pink rib and heart-leaf injury were both
reduced by vacuum cooling but the effect only showed up during their shelf-life
period (Martinez and Artes 1999).
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Romaine lettuce was stored either under AMAP or under PMAP (a film with
507 mL 25 pm/m? day atm. was used) and at dark, light and a photoperiod consist-
ing of 12 h of light and 12 h of darkness for 3 days at 4 °C plus 7 days at 7 °C. A
steady-state atmosphere of low pO, (0.2-0.5) led to better overall quality, preven-
tion of browning, off-colors and off-odors. All sensory attributes were negatively
affected by light exposure compared to darkness, mainly because of excessive
browning effect, due to increased headspace pO, (Martinez-Sanchez et al. 2011).

Romaine lettuce samples were inoculated with strains of E. coli O157:H7, L.
monocytogenes and Salmonella choleraesuis and subsequently stored under passive
MAP (PMAP) [films with 3,500 (film 1) and 1,100 (film 2) mL/m? day atm. OTR
were used] at 5 and 25 °C for 10 and 3 days, respectively. The storage at 5 °C led to
a 1 log decrease of both Salmonella and E. coli populations while Listeria increased
by 1 log. The increase of pathogens at higher temperatures varied between 2.44 and
4.19 log CFU/g (Oliveira et al. 2010).

MAs passively developed in the selected packages [mono-oriented PP film
(MOPP), PE trays overwrapped with a multilayer PO or PVC film] and dipping in
an ascorbic acid (0.3 %) and citric acid (0.3 %) solution at the storage temperature
of 4 °C, were studied by Pirovani et al (1998). No substantial changes in psychro-
trophic and mesophilic aerobic microbial populations were reported. Lettuce stored
in OPP retained better sensory characteristics than products stored in other films.

Inoculation of E. coli O157:H7 strains and subsequent storage under MAP A
(2 % 0,98 % N, and a film with OTR 110 mL/m? cm? day), MAP B (the same film
with 40 microperforations) at 4 and 15 °C (for the lettuce inoculated with 5.58 and
3.98 log CFU/g E. coli O157:H7 respectively) for 10 days resulted in decrease of E.
coli populations on lettuce at 4 °C under all treatments, but especially under MAP
B. Temperature elevation led to a considerable increase in E. coli numbers with
MAP B displaying the smallest increase (2.5 log CFU/g) (Sharma et al. 2011).

Low storage atmospheres tend to affect L. monocytogenes with a descending
growth rate as the temperature reduced. Listeria strains are prohibited from growing
by low oxygen and high carbon dioxide conditions. Since L. Innocua and
L. Monocytogenes have the same growth patterns, their co-existence may have
affected both their growth rate negatively (Fig. 1.3).

1.7.3.2 Rocket

Rocket leaves were stored either alone or with the addition of lettuce ‘Lollo verde’
leaves under MAP (5 % O,/10 % CO, for MAP A and 2 % O,/5 % CO, for MAP B)
at 5x1 °C for 10 days. Mesophiles were significantly reduced by both atmosphere
modifications 0.7 to 1 log CFU/g reduction, while psychrotrophs were also affected
by the initial CO, (0.7 log CFU reduction at the end of storage). The use of MAP A
led to a shelf life extension of 4 days for mixed rocket and lettuce samples remain-
ing acceptable for the whole 10-day period (Arvanitoyannis et al. 2011a, b).
Addition of “Aceto balsamico di Modena” wine vinegar and extra virgin olive
oil on a mixed lettuce and rocket salad and subsequent storage under MAP
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Fig. 1.3 Changes in inoculated L. monocytogenes numbers for iceberg lettuce under MAP [MAP
1 2.1 % 0,/4.9 % CO,) with inoculation with L. monocytogenes, Kakiomenou et al. (1998),
PMAP 1 (with steady-state atmosphere of 3—4 % 0,/10-12 % CO,), for iceberg lettuce, PMAP 2
(with steady-state atmosphere of 3—4 % O,/10-12 % CQO,),, Francis and O’Beirne (2001), PMAP
3 (with OPP for packaging film) and inoculation with L. innocua strains, PMAP 4 (with OPP for
packaging film) and inoculation with L. innocua strains, Francis and O’Beirne (1997)]. L. mono-
cytogenes is affected by low storage atmospheres with a descending growth rate as the temperature
is reduced

(5 % 0O,/10 % CO, for MAP A and 2 % Oy/5 % CO, for MAP B) at 5+1 °C for 10
days was studied by Arvanitoyannis et al. (2011a, b). The addition of vinegar and
both applied MA had a negative effect on microbial growth. Physical attributes were
severely affected by vinegar, limiting shelf life to 3 days, while samples with olive
oil under MAP A were acceptable for the whole the storage period. Psychrotrophs
and mesophiles were reduced in MAP packages with olive oil (1 and 0.5 log CFU/g
reductions, respectively) on day 10.

The effect of cutting whole leaves into two or four similar parts combined with
passive MAP storage (a film with OTR: 583 mL/m? day atm. was used) at 8 °C for
7 or 14 days was investigated by Koukounaras et al. (2010). There were no signifi-
cant differences in ethylene concentration (0.39 on the 7th day and 0.06 uL/L on the
14th day of storage for the whole leaves) between the different storage conditions.
The degree of cutting affected the DPPH radical scavenging activity (16.03, 16.33
and 18.09 Ascorbic Acid Equivalent Antioxidant Capacity/100 g FW for whole
leaves, cut in half and in four pieces respectively, at the 14th day of storage).

1.7.3.3 Spinach

The effect of super atmospheric O, (80 and 100 kPa O, gas flush with two PE films
used) and passive MAP (PE; with high permeability and PE, barrier films used) on
quality of minimally processed baby spinach stored at 5 °C was investigated.
Samples in both PMAP-PE, (7.7 log CFU/g) and 100-PE, (8.3 log CFU/g)
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displayed reductions in aerobic mesophiles compared to those in perforated film
(8.7 and 8.8 log CFU/g). Superatmospheric O, and passive MAP also managed to
maintain at low amounts total Enterobacteriaceae numbers (Allende et al. 2004a).

The effect of atmosphere modification (12 % O,+7 % CO, on day 3 and 6 %
0,+ 14 % CO, on day 7) on the antioxidant constituents of fresh cut spinach stored
at 10 °C for 7 days was evaluated by Gil et al. (1999). The effect of both air and
MAP on ascorbic acid content was identical to a decrease to one-half of the initial
value (630 mg/kg) after 3 days of storage and a higher reduction at the end of the
storage period (120 and 100 mg/kg for air and MAP). Within the same period an
accumulation of DHAA was observed on both storage conditions (270 and 650 mg/
kg for air and MAP, respectively).

The effect of irradiation on the elimination of pathogens (Salmonella spp. and
Listeria spp.) combined with MAP (100 % O, and an 1:1 O,:N, atmosphere) inocu-
lated on baby spinach leaves was investigated by Gomez et al. (2011). A 5 log
reduction on both studied pathogens can be reached by the application of 0.7 kGy
irradiation and subsequent storage under superatmospheric MAP. The enhanced O,
in the packages led to a higher irradiation sensitivity (7 to 25 % reduction in Dy,
values) that can be attributed to the produced ozone.

Kaur et al. (2011) investigated the effect of MAP storage (LDPE and PP films
were used) on spinach leaves of variable in-pack weight (200, 400 and 600 g of
leaves per pack) stored at 15 °C for 4 days. Carotene and ascorbic acid were better
preserved in LDPE packages (22 to 24 and 16 to 23 mg/100 g for carotene in LDPE
packages and PP packages, respectively) compared to PP ones. Phenolic com-
pounds were higher in LDPE packages; 190 to 250 and 30 to 80 mg/100 g FW in
LDPE packages and PP packages, respectively.

According to Lee and Baek (2008), spinach inoculated with E. coli O157:H7 was
packed under four different environments (air, vacuum, 100 % N, gas, and 100 %
CO, gas packaging) following treatment with water, 100 ppm chlorine dioxide, or
100 ppm sodium hypochlorite for 5 min and stored at 7+2 °C. The lowest levels of
E. coli O157:H7 were detected in samples CIO, treated and stored under vacuum;
1.8, 2.3, 2.6 log CFU/g and 3.9, 3.1, and 4.0 log CFU/g for samples packaged in
vacuum, N, gas, and CO, gas following treatment with ClO, and NaOCl, respec-
tively after 7 days of storage.

Fresh-cut spinach was treated with citric acid and ascorbic acid solutions (varia-
tions from 0 % to 1 %) and packaged in OPP or LDPE bags (passive MAP) and
stored at 4 °C. Mesophiles were affected and their number decreased as citric acid
concentration rose. Even though the citric and ascorbic acid treatment reduced the
pH and the initial microbial load, these effects were neutralized over storage
(Piagentini et al. 2003).

Rodriguez-Hidalgo et al. (2010) examined the effect of fertilization (8, 12 or
16 mmol N L) combined with MAP storage (passive with a BOPP film used, a
N,O enriched atmosphere and a superatmospheric atmosphere with 100 % O,) on
quality of fresh baby spinach leaves stored at 5 °C for 10 days. The use of fertilizers
(12 and 16 mmol concentrations) and N,O MAP led to the lowest microbial growth
(6.7 and 6.4 log CFU/g for mesophiles for 12 and 16 mmol concentrations, respec-
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tively) with overall good sensory quality after 8 days of storage. Total antioxidant
capacity of these samples was preserved close to the initial levels (8 g ascorbic acid
equivalent antioxidant capacity kg=' FW).

1.7.3.4 Cabbage

Cut salted Chinese cabbage with air, 100 % CO, or 25 % CO,/75 % N, packaging
was irradiated with 0.5, 1 and 2 kGy and the microbiological and physicochemical
parameters were investigated during storage at 4 °C for 3 weeks. Gamma irradiation
at 0.5 kGy was found to have a significant effect on initial TVC (2-3 log CFU/g
reduction) that continued with MAP storage (0.9-1.9 log CFU/g reduction com-
pared to aerobic packaging). Texture was maintained close to the values of the fresh
product on MAP samples (Ahn et al. 2005).

Shredded cabbage was immersed in neutral electrolyzed oxidizing water (NEW)
containing 40 mg/L of free chlorine up to 5 min, and then stored under EMAP (film
with 4,600 mL O,/m? 24 h atm. was used at 7 °C) at 4 and 7 °C. Water washed
samples had higher pH values than those undergone NEW treatment (6.17 and 6.07,
respectively). LAB counts varied from 1.9 up to 3.5 log CFU/g throughout the
study. Overall visual quality (OVQ) was the key factor in determining the shredded
cabbage shelf life. Treated samples showed a shelf life extension of 3 days (shelf
life of control samples was 6 days) and were finally rejected due to poor OVQ,
browning and dryness (Gomez-Lopez et al. 2007b).

The combination of AMAP (MAP A: 70 kPa O, and 15 kPa CO, and MAP B: 5
kPa O, and 15 kPa CO,) and MVP with different type of films (Ny/PE with OTR:
54.8 0.7 mL/m? day atm. and LDPE with OTR: 1.277 + 159 mL/m? day atm.) was
used for fresh cabbage preservation for 10 days at 5 °C. The use of MAP A with
both films led to a significant microbial inhibition (4.82, 4.28, 4.99, 5.2, 4.28 and
4.91 log CFU/g for P. fluorescens, E. coli, E. coli O157:H7, S. Typhimurium, S.
aureus and L. monocytogenes, respectively for MAP A and PE). Application of bar-
rier films led to better appearance scores (Lee et al. 2011).

Pirovani et al. (1997) investigated the effect of passive MAP [OPP (treat. 1), PE
trays overwrapped with multilayer polyolefin (PO) (treat. 2), or with a plasticized
PVC (treat. 3)] and storage at 3 °C on quality of cabbage. The weight loss remained
within acceptable levels for all 3 treatments (0.08, 0.4 and 0.93 % for treat. 1, 2 and
3 respectively). General appearance of samples in OPP bags was better preserved
exhibiting less wilting and browning.

1.7.3.5 Kale

Kobori et al (2011) investigated the effect of different storage temperatures (1 and
11 °C) and storage conditions (light exposure) on the shelf life and behavior of fla-
vonols and carotenoids of kale leaves stored under passive MAP (stretched PVC
film with OTR: 12,889 mL/m? day). Shelf life was limited to 6 and 3 days for
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samples stored at 11 °C at dark and light conditions respectively while kale leaves
at 1 °C had their sensory quality decreased during the 17-day storage period.
Quercetin and kaempferol were found to be relatively stable at light exposure posi-
tively affecting them. Neoxanthin, violaxanthin, lutein, and p-carotene decreased
(16.1, 13.2, 24.1 and 23.7 %, respectively) after 10 days at 11 °C in the dark.

1.7.3.6 Betel Leaves

Rai et al. (2010) investigated the effect of atmosphere modification (a PP film was
used with OTR: 1.49 x 10~® mL m/m?*h/kPa and with three different in-pack weights
250, 500 and 750 g) on betel leaves stored at 20 °C for 10 days. Chlorophyll was
better preserved in 750 g packages. Presence of high CO, atmospheres proved to be
capable of preserving chlorophyll and preventing browning of the leaves.

1.7.3.7 Chicory Endive

Airtight containers with continuous flow of gas mixture (1.5 % O, and 20 %
CO,/0 % O, and 20 % CO,) were used by Bennik et al (1996) to monitor the growth
of inoculated L. monocytogenes on chicory endives stored at 8 °C. The rate of spoil-
age proceeded much rapidly at ambient conditions, since all subpopulations reached
the 10° CFU/g level within 2 days of storage. Four days were adequate for this level
to be reached under low O, and high CO, contents.

Minimally processed fresh broad-leaved endives were stored at 3 and 10 °C in
modified atmospheres containing 10 % O,/10 % CO,, 10 % 0,/30 % CO, and 10 %
0,/50 % CO, and control samples (air). The highest increase in aerobic bacteria
occurred in air (78 %), then in 10 % O,/10 % CO, (67 %), whereas the lowest
increase at 10 % O,/50 % CO, (51 %). At 10 °C inoculated L. monocytogenes tended
to grow very rapidly as the concentration of CO, increased (8-8.2 log CFU/g at
50 % CQO,) as proved by Carlin et al. (1996).

Charles et al. (2008) utilized oxygen scavengers to make up for modified atmo-
sphere conditions at LDPE bags to investigate the effect of packaging conditions on
quality changes of endives stored at 20 °C. A higher greening in control [macrope-
rforated oriented polypropylene (MPOPP) and passive MAP (LDPE pouches with-
out oxygen scavengers)] samples than in A MAP was evident (3, 2.7 and 2 for
control, passive and active MAP samples, respectively after 7 days of storage).

High oxygen atmosphere (70, 80 and 95 % O,) was also used by Jacxsens et al.
(2001) as an alternative for EMA to prolong the shelf life of shredded chicory
endive. The packages of shredded chicory endives under low O, concentrations
exceeded the limit for yeasts (10° CFU/g) by the fourth day while the high O, pack-
ages exceeded the limit by the seventh day. The evolution of the enzymatic discol-
oration of chicory endive evolved rapidly under EMA limiting shelf life to 3 days,
whereas no unacceptable scores were obtained for the MAP packaged vegetables.
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Jacxsens etal. (2003) evaluated the quality of shredded chicory endives, packaged
in consumer-sized packages under EMA (initial atmosphere of 3 % O, and 2-5 %
CO,) and stored at 7 °C. Shredded chicory endives were found to have after day 8
more than 10% CFU/g total psychrotrophic counts. The pH of the product remained
stable around 6 over the entire storage period of 13 days. The color was shown to be
the limiting sensory property at day 6.

The effect of irradiation (0.3 or 0.6 kGy) combined with passive (laminated foil/
plastic barrier bag) or A MAP (5 % O, and 5 % CO,/10 % O, and 10 % CO,) on
survival of inoculated L. monocytogenes and sensory qualities of endive stored at
4 °C was investigated by Niemira et al. (2005). L. monocytogenes and total micro-
bial populations on the irradiated MAP samples were either lower than or not differ-
ent compared to the initial levels, whereas irradiated leaf material in air retained
their color attributes over storage better than non-irradiated.

1.7.4  Fruits—Vegetables
1.74.1 Tomato

Active (3 kPa O,+0 kPa CO, and 3 kPa O,+4 kPa CO,) and passive (OPP film of
35 pm thickness) MAPs were used at 0 and 5 °C for tomato storage. The highest
C,H, level was found in passive MAP packages at 5 °C (15 pL/L) while in A MAP,
at both temperatures about 6 pL/L C,H, were accumulated. Sensorial parameters
were preserved by both passive and AMAP above the acceptable limit of market-
ability and lowered the weight losses even at higher temperatures (5 °C) (Aguayo
et al. 2004).

Artes et al. (1999) investigated the effect of calcium chloride washings (0.7 mM
chlorinated water with or without 0.09 M CaCl,) in conjunction with passive or
AMAP (7.5 % O,) stored at 2 and 10 °C on fresh-cut tomato quality preservation. In
samples that were kept at 10 °C, a significant reduction in firmness (38.5 and 37.3 %
for passive and A MAP) was recorded. At 10 °C, tomato slices under passive or
AMAP did not reveal any change in color compared with the other treatments.

Bailen et al. (2006) assessed the use of granular-activated carbon (GAC) alone or
impregnated with palladium as a catalyst inside tomato packages (OPP film used)
under PMAP. Ethylene was lower in MAP packages with GAC and especially in
those with GAC-Pd (8 pL/L). Control tomatoes displayed the highest weight loss
(0.72 %), although weight loss was very low. No off-flavor was detected in those
packages with GAC and especially with GAC-Pd.

Four different packaging films (PE-20 p and 50 p, PVC-10 p, PP-25 p) were used
by Batu and Thompson (1998) to determine the ideal conditions to preserve pink
tomatoes stored at 13 °C. While in storage, all fruit softened progressively but those
sealed in plastic films softened significantly more slowly than those stored
unwrapped whereas PP and PEs, had both the lowest gas permeability and weight
loss (1.6-1.9 %).
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The effect of passive MAP (LDPE film used), CA (5 % CO,) and gaseous ozone
treatment in regard with the survival of inoculated (low and high inoculum levels)
S. enteritidis on cherry tomatoes was investigated by Das et al. (2006). The S. enter-
itidis had a higher death rate on the tomato surfaces stored in MAP than on tomatoes
stored in air and in CA. In an initial population of 3.0 log,, CFU/tomato, cells died
completely on day 4 during MAP storage and on day 6 during both CA and air stor-
age. Moreover, gaseous ozone treatment was shown to have a strong bactericidal
effect on S. enteritidis.

Fresh cut tomato slices at 0 and 5 °C under active (12-14 kPa O,+0 kPa CO,)
MAP [Composite (Vascolan) or BOPP film] with or without an ethylene absorber
(EAP) were packaged by Gil et al. (2002). Decrease of titratable acidity was
recorded over storage at both temperatures, except for tomato slices kept in compos-
ite packages with EAP (0.34 and 0.32 for 0 and 5 °C, respectively) and for control
samples packed in composite film at 5 °C (0.33).

Cold storage (5-10 °C) was used to assess the quality of fresh-cut tomato slices
under various MAP conditions (4 % CO,+1 or 20 % O,, 8 % CO,+1 or 20 % O,,
or 12 % CO,+1 or 20 % O,) and various packaging films [film A and Film B (87.4
and 60 mL/h m? atm., respectively)]. Ethylene concentration in containers with four
slices held at 5 °C was higher with film B than for film A. The slices in containers
of 12 % CO,+1 % O, gave the highest firmness values (3.7 N). Application of MAP
resulted in good quality tomato slices with a shelf life of 2 weeks or more at 5 °C
(Hong and Gross 2001).

Six different tomato cultivars were stored under MAP (5 % O,+5 % CO,) and
refrigeration (4 °C) in a study by Odriozola-Serrano et al. (2008). A significant
increase in phenolic compounds was recorded beyond the 14th day of storage [max-
imum values of 347.5 mg gallic acid/kg (FW) for fresh-cut Durinta tomatoes].
Overall, the main antioxidant compounds (lycopene, vitamin C and phenolic com-
pounds) and color parameters were preserved in fresh-cut tomatoes for 21 days.

The effect of 1-methylcyclopropene (1-MCP) (1,000 nL/L dosage) in combina-
tion with PMAP (a film with CO,TR, 2,023 cm*/m? day) on quality of pink or light
red tomatoes stored at 12 °C for 21 days was studied by Sabir and Agar (2011).
Weight was better preserved with MAP and 1-MCP combination (1.43 % weight
loss at the end of the storage period). Lycopene accumulation was preserved under
MAP and 1-MCP treatment (7.48, 15.61 and 16.1 mg/kg for treated, MAP and con-
trol samples, respectively). Storage life of tomatoes was extended up to 21 days
with MAP and 1-MCP application (Table 1.3).

Mature green cherry tomato was dipped in hot water (at 39 °C for 90 min) and
subsequently stored in plastic films with various O, but similar CO, permeabilities
at 15 °C. The fruit subjected to HWT with the low O, permeability film demon-
strated the lowest color development (33.04, 41.46 and 1.13 C*, h° and a*/b* val-
ues, respectively). Thus, the heat treatment in conjunction with film packaging
suppressed the color development of cherry tomato more than that of individual heat
treatment or packaging (Sayed Ali et al. 2004).

Tomatoes were immersed in hot water (42.5 °C) for 30 min and stored under
passive MAP (LDPE film) for 14 days at 10 °C and then at 22 °C for 3 days without
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packaging. The rates of ethylene production of HWT tomatoes were slightly higher
than controls (28.4 and 23.1 ppm for treated and untreated samples after 4 days).
Suparlan and Itoh (2003) suggested that the HWT and MAP usage caused the reduc-
tion of weight loss and decay and the inhibition of color development as well as the
preservation of firmness.

Mature green tomatoes stored in MA containers with steady state atmospheres of
5 % 0O, and 5 % CO, at 13 °C and subjected to a sequence of temperature fluctua-
tions (AT=10 °C) over 35 days to simulate storage and transport conditions were
studied by Tano et al. (2007). Accumulation of higher levels of both ethanol and
acetaldehyde was observed in tomatoes stored under MA (49.5 and 5.1 mg/kg,
respectively) and that tendency became more apparent with temperature fluctuation
conditions.

1.7.4.2 Eggplant

Arvanitoyannis et al. (2005) examined the effect of grafting [with S. sisymbrifolium
(gr. 1), S. torvum (gr. 2), methylbromide (gr. 3) and Perlka (gr. 4)] and storage under
MAP (30 % CO, in HDPE bags) at 10 °C on quality parameters of eggplant. Vitamin
C decreased after 7 days and its drop became substantial after 14 days (27, 34, 33,
and 45 mg/100 g for gr. 1, 2, 3 and 4, respectively). Storage under MAP resulted in
better maintenance of saltiness, acridness, grassiness, metal, hardness and overall
impression, in comparison with the values obtained under air storage.

1.7.4.3 Cucumbers

The effect of storage conditions [storage under CA at normal and superatmospheric
(70 % 0O,) conditions] and physical tissue damage (bruising due to weight drop) on
membrane peroxidation in minimally processed cucumber tissue stored at 4 °C or
20 °C was studied. Bruised samples showed a continuous increase in lipid hydro-
peroxides levels (5.5 and 5.2 pmol H,0O, equivalents/g for normal and superatmo-
spheric conditions, respectively) whereas in non-bruised samples there was a
different pattern with an increase within the first three days followed by a decrease
for the rest of the storage time (Karakas and Yildiz 2007).

Wang and Qi (1997) investigated the cucumbers storage under passive MA con-
ditions (microperforated and intact LDPE films) at 5 °C for 18 days. MAP stored
samples showed chilling injury symptoms on the 12th day of storage while control
samples had significant losses starting on the 6th day. Samples in perforated bags
were found unacceptable because of decay occurrence on the 15th day of storage.
Samples in sealed packages did not display any sign of off-flavor even at the end of
the experiment.
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1.7.4.4 Pepper

Gonzalez-Aguilar et al. (2004) investigated the effect of VP (Saran film used) and
passive MAP (PD-961 polyolefin films used) at 5 and 10 °C on quality and shelf life
of bell peppers. At 5 and 10 °C the ethanol and acetaldehyde contents were signifi-
cantly lower (0.04 and 0.18 pL/g, at 5 °C and 0.36 and 0.5 pL/g at 10 °C for ethanol
and acetaldehyde, respectively) on peppers under MAP compared to samples under
vacuum (0.41 and 0.78 pL/g for ethanol and acetaldehyde, respectively). The shelf
life at 5 and 10 °C was limited to 21 and 14 days, respectively due to microbiologi-
cal and quality parameters.

A combination of biodegradable film (PLA based film) and LDPE (perforated or
not) was used to provide MA conditions for storage of green peppers at 10 °C for 7
days. Hue angle and chroma did not display any considerable change in all treat-
ments. Aerobic bacteria populations did not increase significantly (<1 log CFU/g) in
PLA, LDPE and p-LDPE film packages and the same pattern was depicted in coli-
form growth (0.2, 2.3 and 0.9 log CFU/g increase for PLA, LDPE and p-LDPE,
respectively) (Koide and Shi 2007).

Green chili peppers were stored under passive MAP (LDPE, PVC and cast PP
films were used) at 10 °C for 14 days. Ascorbic acid was higher in packaged peppers
compared to control samples (67.4, 69.3, 64.8 and 63.3 mg/100 g for LDPE, CPP,
PVC and control samples, respectively). The equilibrium atmospheres in LDPE and
cast PP packages were very close to the optimal gas concentrations (3 % O, and 5 %
CO,) and so they had a beneficial role in quality maintenance (Lee et al. 1994).

Sliced bell peppers were washed once, twice or three sequential times in fresh
distilled water and stored under MAP (polyethylene film used) at 7 °C for 10 days.
Packages with unwashed samples always had higher CO, content. Washed slices
were significantly firmer than unwashed and this effect improved incrementally
with the number of washes (284, 287, 288 and 293 g/force for unwashed, 1, 2 and 3
washes, respectively) (Toivonen and Stan 2004).

Wall and Berghage (1996) used pressed cardboard trays overwrapped with
VE-71 PE and LDPE bags for MA storage of green chile peppers at 8 or 24 °C. Weight
loss at 8 °C was 18 %, 6 % and 0.3 % for control, PE and LDPE storage, respectively
after 6 weeks while at 24 °C the loss was 68 %, 37 % and 0.6 % for control, PE and
LDPE storage, respectively after 4 weeks. The postharvest disease ratings for pep-
pers stored in trays were 1.0 and 1.6 after 2 and 4 weeks at 24 °C respectively,
whereas the ratings for peppers in bags were 1.4 and 1.6 for the same time periods.

1.7.4.5 Pumpkin

Cut pieces of pumpkin were dip treated [in citric acid (0.2 %) and potassium metabi-
sulfite (0.1 %) for 3 min (treat. 1), soluble starch (0.2 %) extrapure plus calcium
chloride (0.1 %) for 3 min (treat. 2) and mannose (0.1 %), and vacuumized for 5 min
(treat 3)] and stored in LDPE or PP bags, sealed both with and without vacuum and
stored at 5+2 °C, 13+2 °C and 23 +2 °C. All samples stored under 5+2 °C became
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gradually softer toward the end of storage (LDPE decrease 16.9 %). The shelf life
of treated diced pumpkin stored in LDPE film bags at 5+2 °C was extended to 25
days (Habibunnisa et al. 2001).

1.7.4.6 Zucchini

Two different zucchini cultivars (Sofia and Diamante cultivars) were sliced and sub-
sequently stored in bags from two packaging materials [OPP with 90 pm thickness
and biodegradable coextruded polyesters (CoEX) with 35 pm thickness] under both
PMAP and AMAP (5 % O,/5 % CO»90 % N, for MAP 1 with OPP and 15 %
0,/10 % CO,/75 % N, for MAP 2 with CoEX) at 5 °C for 9 days. Zucchini slices
stored either passively or under AMAP into OPP bags had longer shelf lives (6 and
7 days for Diamante cultivar and 5 and 3 days for Sofia cultivar under AMAP and
PMAP, respectively) (Lucera et al. 2010).

1.7.5 Bulbs
1.7.5.1 Garlic

Fresh garlic sprouts were stored under passive MAP (PVC with OTR: 5,500 mL/
m? day atm. and CO,TR: 10,000 mL/m? day atm. and LDPE with OTR: 7,000 mL/
m? day atm. and CO,TR: 35,000 mL/m? day atm. films were used) for 15 days at
4 °C. Microbial growth was limited by MAP conditions (a 3 log reduction for psy-
chrotrophs in PVC samples compared to control). PVC packages gave the best
results for keeping the overall quality of garlic sprouts (Li et al. 2010).

1.7.5.2 Onions

Five different packaging treatments (PMAP with LDPE and PP, A MAP with LDPE
and an ethylene scavenger used, LDPE with initial gas concentration of 9.5 kPa
CO,+18.2 kPa O, and moderate vacuum packaging) were used for bunched onions
stored at 10 °C for 28 days to determine the optimum packing method. Samples
packaged in PE +ES displayed greater weight loss (3.1 % at 14th day) than for other
treatments. MVP limited microbial growth more effectively than the rest of the
treatments (Hong and Kim 2004).

Liu and Li (20006) tested the microbial proliferation and sensory quality aspects
of sliced onions at three temperatures (-2 °C, 4 °C and 10 °C) and atmospheric
conditions [LDPE with (A MAP) or without (PMAP) 40 % CO,+1 % O,]. The b*
values were significantly affected by the storage temperature and were higher at
10 °C than at -2 and 4 °C under the same storage conditions after 17 days of stor-
age. Spoilage of the product was mainly attributed to psychrotroph growth.
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1.7.6 Stems and Shoots
1.7.6.1 Kohlrabi

Escalona et al. (2007a) studied the effect of passive MAP (with OPP and amide PE
films used after washing in a NaOCl water solution) to preserve kohlrabi sticks at
0 °C for 14 days. Kohlrabi reached a very low C,H, release of 5-10 nL. C,H,/kg/h
from the beginning till the end of storage. The L*, a*, b*, and chroma parameters
decreased after 7 days at in all treatments (36.3, 36.1, 36.5, for L*, -2.5, -2.6, -2.4
for a*,2.4,2.3, 1.8 for b* and 3.5, 3.5 and 3 for chroma control, OPP and Amide PE
samples respectively, after 14 days of storage). The sticks stored under MAP condi-
tions scored above the limit of marketability for organoleptic attributes on the 14th
day of storage.

Kohlrabi stems were stored under MAP (with OPP and Amide-PE and washed in
a NaOCl water solution) for 60 days at 0 °C, while an additional retail sale period
of 3 days at 12 °C after each cold storage evaluation (30 and 60 days) was applied.
A minor yellowing representing lower hue value on the skin after 60+3 days
appeared on the MAP kohlrabi stems. The weight loss on control stems from day 30
to 60, as indicated by Escalona et al. (2007b) for amide-PE and OPP were 0.24,0.31
and 0.1 %, respectively.

Passive MAP (OPP 20 pm, OPP 40 pm, and amide polyethylene films) applied
on stored kohlrabi stems at 0 °C for 14 days and at 10 °C for 3 days was monitored
by Escalona et al. (2007c). The ethylene production was higher than 0.05 pL/kg/h
throughout storage. The citric acid content (79.3 mg/100 mL at harvest) did not
display any significant changes (64.8, 73, 72.2 mg/100 mL for OPP,,, OPP,, and
amide-PE, respectively). Although the appearance and texture of kohlrabi deterio-
rated compared to values at harvest, the scores were maintained throughout the
retail sale period.

1.7.6.2 Bamboo Shoots

An effort was made to prolong the shelf life of bamboo shoots by applying MAP
(LDPE film with initial atmosphere of 2 % O, and 5 % CO,) on bamboo shoots
stored at 10 °C by Shen and his co-workers (2006). A browning process began in the
bamboo shoots of MAP treatment at the sixth day and their browning index reached
1.2 on day 10. MAP treatment inhibited the activity of POD (32 with 55 u/min g FW
for the control samples) and PAL (1.25 with 2.0 nmol/h g FW for the control
samples).
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1.7.6.3 Fennel

Artes et al. (2002) in a series of experiments, looked into the treatment of fennel
with ascorbic (1 %) and citric (5 %) acids, packed in PP baskets sealed with PP film
to generate a MA and stored for 14 days at 0 °C followed by 4 days in air at
15 °C. The use of antioxidant solutions did not affect the weight loss with samples
in OPP having a significantly lower weight loss compared to control (0.1 % and 3.5
to 3.9 % respectively) after cold storage. Flavor evaluation at harvest (8.2) revealed
no changes after cold storage, but deteriorated significantly in both control (7.1) and
OPP (7.3) after the 4-day period.

The effects of PMAP [OPP bags (treat. 1) and plastic baskets with OPP film
(treat. 2)] to inhibit browning of the butt end cut zone of fennel bulbs stored over 14
days at 0 °C followed by complementary air storage during 3 days at 15 °C were
studied. The color of bulbs stored in OPP bags was not negatively affected during
complementary shelf life storage remaining in the cold storage levels. An increase
by 3 to 4 % was in all treatments after complementary shelf life hardly revealed any
significant differences between treatments (Escalona et al. 2004).

Diced fennel washed in chlorinated water (100 mg/L) was stored under PMAP
[OPP bags (treat. 1) and plastic baskets with OPP film (treat. 2)] at 0 °C for 14 days.
Both treatments limited effectively the TPC growth (5.3 log CFU/g for treat. 1 and
to 5.4 log CFU/g for treat. 2) compared to control samples (6.4 log CFU/g).
A remarkable decrease in L* value was recorded (from 72.8 at harvest to 60.8 for
control and to 55.6 or 62.3 for samples stored in bags and baskets, respectively) for
both treatments compared to initial values (Escalona et al. 2005).

1.7.6.4 Asparagus

The changes in lignifying, antioxidant enzyme activities and cell wall compositions
of fresh-cut green asparagus in 1 mg/L aqueous ozone pretreated, and subsequent
MAP (LDPE film) during storage at 3 °C for 25 days were investigated. For samples
treated with O; and subsequent MAP storage, PAL activity reached its highest value
on the tenth day (0.33 U/mg) but at the end of storage was lower than the control
(0.22 and 0.38 U/mg, respectively) (An et al. 2007).

An et al. (2006) treated asparagus [dipping in 20 ppm 6-benzylaminopurine
(6-BA) for 10 min] and stored it under active (LDPE 25 pm film with 10 % O./5 %
CO, initial atmosphere) and passive MAP (LDPE 15 pm film used) at 2 °C for 25
days. The use of 6-BA had a beneficial effect on chlorophyll content in both MAP
applications (65 and 69 pg/g for passive and A MAP). The use of AMAP helped
asparagus to retain the greatest lightness (L*), greenness (a*), hue angle (h°) and the
least AE*.

Simon and Gonzalez-Fantos (2011) investigated the changes in sensory and
microbiological quality of white asparagus stored under PMAP (2 OPP films, film
A and film B with OTR: 13,200 and 45,000 mL/m? day atm. respectively) at 5 and
10 °C for up to 14 days. Shelf life was limited to 6 days at 10 °C. On samples stored
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at 5 °C, the use of film A proved beneficial with mesophile and Enterobacteriaceae
counts being around 7 log/CFU/g at the end of storage thus prolonging the shelf life
up to 14 days.

Simon et al. (2004) evaluated the microbiological, quality and sensorial charac-
teristics of white asparagus washed with chlorine or water and packaged under
MAP (perforated PVC and P-Plus 160 films used) at 4 °C for 15 days. P-Plus had
the lowest weight loss (0.2 %) while samples in PVC suffered higher losses (5.5 %).
Water and chlorine treatment caused a reduction in mesophile and psychrotroph
initial counts by 1 to 1.5 log cycles. Enterobacteriaceae counts in P-Plus packages
were 1.6 logs higher on water washed samples (6.5 and 4.9 log CFU/g for water and
chlorine treatments, respectively) (Table 1.4).

White asparagus spears were over-wrapped with a 16 mm stretch film (in 5 L
glass jars with ethylene—free air passing through) and kept at 2.5, 5, 10, 15, 20 and
25 °C under darkness or light for 6 days. Ethanol in spear tissues was shown to
increase linearly with storage temperature (100 and 800 pL/L at 2.5 and 20 °C,
respectively). Weight loss of samples stored at 2.5-15 °C was less than 1 % while
as temperature increased (20 °C and 25 °C) the losses amounted to 1.9 and 2.9 %,
respectively. Spear quality was preserved in packages at 2.5 °C and 5 °C after 6 days
of storage (Siomos et al. 2000).

Green asparagus spears were stored under refrigeration at 2 °C (first treatment),
MAP (OPP P-Plus film was used) at 2 °C (second), and MAP at 10 °C after 5 days
at 2 °C (third) until they were not suitable for consumption. The overall shelf-life
was limited to 9-12, 26 and 14 days for the first, second and third treatment, respec-
tively. Shear force of the basal segment increased during storage in all samples
(70.2, 14.8 and 4.28 % for refrigerated samples, MAP samples at 10 °C and MAP
samples at 2 °C, respectively) (Villanueva et al. 2005).

Asparagus spears treated with compressed argon and xenon (Ar/Xe 2/9 v:v)
stored at 4 °C were compared to MAP (A MAP with 5 % O,/5 % CO, initial atmo-
sphere). MA packed samples had the lowest weight loss (0.5 %) after 18 days of
storage. The use of Ar and Xe blocked the increase in cell permeability compared to
control samples. Due to this effect, respiration peak and crude fiber formation was
effectively restrained compared to MAP samples (Zhang et al. 2008).

1.7.6.5 Celery

LDPE and OPP were used to provide MA conditions for storage of celery sticks at
4 °C for 15 days. No significant changes in TSS (3.93°Brix for both films), TA
(0.089 and 0.091 g citric acid/100 mL for LDPE and OPP) and pH (5.96 and 5.93
for LDPE and OPP) were recorded. The use of both films led to the products with
an acceptable green color at the end of storage whereas samples stored under air
displayed a 10 % decay rate (Gomez and Artes 2005).

Several CO, contents (0 %, 5 %, 10 %, 20 %, 30 %, 50 %) plus 2 % O, were used
to preserve celeriac flakes at 4 °C and 15 °C (only for 0 %, 5 %, and 10 % CO, packs
made from oriented polyamide/polyethylene laminated film). Mesophiles (not found
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1.7 MAP Application on Vegetables 61

and 9.0x 10> CFU/g for 5 and 10 % CO,), psychrophiles (5.8 x 10°and 1.2 x 10* CFU/g
for 5 and 10 % CO,) and coliforms (3.0x 10! and 5.8 x 10> CFU/g for 5 and 10 %
CO,) dropped under MAP at 4 °C (Radziejewska-Kubzdela et al. 2007).

1.7.7 Flowers
1.7.7.1 Artichoke

Five films (PVC, LDPE and three microperforated PP films PP,, PP, and PP;) were
used to create MA conditions for artichokes stored at 5 °C for 8 days. A greater
degree in water loss was found in control (1.7 %) and PVC (1.3 %) samples.
Samples stored under low CO, atmospheres displayed increased phenolic com-
pounds content compared to higher CO, packages (PP, PP, and PP;) (Gil-Izquierdo
et al. 2002).

1.7.7.2 Broccoli

MAP (PVC, LDPE 11, 15 and 20 pm were used) was applied to broccoli florets at
1 °C for 7 days and at 20 °C for 2.5 days to simulate the retail sale period. During
shelf life, the weight losses varied from 7 to 15 times lower in florets wrapped in
LDPE compared to those wrapped in PVC. Artes et al. (2001) came up with a
minor trend to increase TA, generally not significant but remarkable in LDPE,,
(0.102 from 0.056 mg/100 mL at harvest), whereas the best results were obtained
with LDPE; film.

Broccoli florets stored at 5 °C were monitored under the effect of PMAP (Xironet
a 105 pm film), vent packaging (film with uniform perforations), and automatic
misting (AM) by Barth and Zhuang (1996). Total carotenoids were preserved under
MAP, but a loss (4257 %) was observed in all other treatments by 6 days. However,
vitamin C was preserved best in MAP samples (—100 %) whereas control and VP
samples retained only 14—46 %. A decrease in levels of moisture was recorded in
VP samples (76 %) and both VP/AM and AM samples (84 %).

De Ell et al. (2006) studied the combination of sorbitol (water absorbent) and
KMnO, (ethylene absorbent) in passive MAP (PD-961 film) for broccoli heads
stored at 0—1 °C. The least amount of off-odor was found in broccoli in MAP con-
taining 20 g of sorbitol. The weight loss of broccoli also enhanced with increasing
content sorbitol (0.6-1.3 %). The amount of ethanol was greater in control bags
(0.13 pL/L) and those with only KMnO, (0.12 pL/L), compared to the bags with
sorbitol added (>0.6 pL/L).

Jacobsson et al. (2004a) analyzed the aroma compounds accumulated in broccoli
stored at different passive MA [OPP, PVC, and LDPE with ethylene absorbing
sachet at 10 °C for 7 days (1) or 4 °C for 3 days and 10 °C for the other 4 days (2)].
The original fresh weight diminished due to weight losses that varied between 0.6
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and 1.6 %. Dimethylsulphide was detected in broccoli in case 2 (4.8-8.1 ppb), but
not in case 1. In contrast, heat treatment increased aroma compounds as well as
volatiles containing sulphur.

Broccoli stored under passive MA with OPP, LDPE with ethylene absorbing
sachet and PVC at 10 °C for 7 days (1) or 4 °C for 3 days and 10 °C for the next 4
days (2). The materials under analysis revealed weight losses varied between 0.6
and 1.6 % of original fresh weight after 7 days of storage. The broccoli stored under
condition 2, gave a more fresh impression than that of condition 1. Jacobsson et al.
(2004b) showed that broccoli packaged in LDPE in the presence of an ethylene
absorber displayed the most similar behavior to fresh.

The effect of passive MAP created by 4 films (OPP, PVC, 2 LDPE films one of
which contained an ethylene absorber sachet) was studied by Jacobsson et al.
(2004c¢) at 4 °C and 10 °C for 28 days. Although no chlorophyll degradation could
be traced, in the broccoli a decrease in chlorophyll content was detected in broccoli
stored at 10 °C. LDPE 2 maintained chlorophyll content better than the other pack-
aging materials (25 % reduction at condition 2). Packaging prolonged the broccoli
shelf-life up to 14 days (Table 1.5).

PE bags with no holes (M), 2 (M;) and 4 (M,) microholes were used to store
broccoli florets at 4 and 20 °C. M, treatment maintained both total aliphatic and
indole glucosinolates for 13 days, but decreased thereafter (26 and 15 % losses at
4 °C). The losses of aliphatic glucosinolates were 28 % and 15 % with M, and M,
and the losses of indole glucosinolates amounted to 11 % and 8 %, respectively, for
the same time period (13 days). Jia et al. (2009) demonstrated that the shelf life of
broccoli florets stored under M at either 4 or 20 °C was tripled.

The effects of packaging treatments (CA with 1.5 % O,/6 % CO,, passive MAP
with microperforated LDPE on broccoli during storage time (10 and 25 days)) was
investigated. Glucoraphanin in broccoli heads varied slightly during 25 days of stor-
age under both air (9.2 pmol/g D/W) and CA (11.7 pmol/g D/W) at4 °C. Rangkadilok
et al. (2002) showed that in the CA, vegetables maintained their green color and
freshness up to 25 days while yellowing (trace yellow) was observed only in broc-
coli heads stored under air.

Schreiner et al. (2007) monitored the effect of passive MAP [biaxial OPP with 2
(PMAP-1) and 8 (PMAP-2) microholes] on postharvest glucosinolate dynamics in
mixed broccoli and cauliflower florets stored at 8 °C for 7 days. A minor decrease
in the concentrations of glucoraphanin and glucoiberin at both treatments was
observed (1.37, 0.28 and 1.43, 0.31 for PMAP-1 and PMAP-2, respectively with
initial values 1.99 and 0.43).

Serrano et al. (2006) applied passive MAP with three types of film [macro (Ma-
P), micro (Mi-P) and non-perforated (No-P) polypropylene] to broccoli at 1 °C for
28 days. Broccoli packaged with No-P and Mi-P films lost less than 1.5 % of their
initial fresh weight, while this value increased up to 13.33+0.60 % for broccoli in
Ma-P film. Broccoli in Mi-P or No-P displayed a slight drop in texture over storage,
with final force values being 116.68 +£4.98 and 100.66+7.58 N, respectively.

Broccoli buds were stored under passive MAP (PD-941 polymer film) or automatic
misting (AM) treatment for 96 h at 5 °C and were studied by Zhuang et al. (1995).
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The moisture of buds decreased down to 80 % for both treatments. However, no
significant changes were recorded in Chla, Chlb, and TChl of MAP-treated broccoli
whereas for control samples about 50 % of Chla (1.0 pmol/g of DW), Chlb (0.4
pmol/g of DW) and TChl (1.4 pmol/g of DW) were lost. In samples treated with AM,
the protein level amounted to 85 mg/g of DW by 96 h that is lower by 20 % than the
initial level.

1.7.7.3 Cauliflower

Simon et al. (2008) used two different films (non-perforated PVC and OPP) to gen-
erate atmosphere modification for cauliflowers stored at 4 °C and 8 °C for 20 days.
Samples from PVC and PP bags had lower shear force values compared to control
(2,520, 2,480 N for PVC and PP, respectively). Weight losses were greater for cau-
liflowers in PVC films than those stored in PP (2 and 0.61 % and 2.3 and 0.61 % at
4 °C and 8 °C, respectively). Samples in PP bags were given higher appearance
scores.

Eight varieties of cauliflower (Abruzzi, Dulis, Casper, Serrano, Caprio, Nautilus,
Beluga and Arbon) were stored under MAP (microperforated PVC, P-Plus 120, 160
and 240 films) at 4 °C for 25 days Sanz et al. (2007). The high initial microbial
count was one of the reasons that samples from the Serrano variety in PVC film
reached the microbial legal limit (7 log CFU/g) in only 3 days. P-Plus film proved
to be the most suitable film for maintaining sensory attributes in Abruzzi, Dulis,
Casper and Serrano varieties.

1.7.8 Seeds
1.7.8.1 Mung bean

Chlorine dioxide (dipping in 100 ppm ClO, solution for 5 min) was applied in com-
bination with MAP (passive MA with AVR 008 film used, vacuum and A MA with
100 % CO, and 100 % N,) in mung bean sprouts during storage at 5+2 °C for 7
days. Treatment with ClO, under vacuum, N, gas, and CO, gas led to reduction of
total mesophiles (7.34, 7.51 and 7.22 log,, CFU/g, respectively) at the end of stor-
age. The use of CIO, as a disinfectant in conjunction with high CO, MAP was suc-
cessful in inhibiting microbial growth (Jin and Lee 2007).

1.7.8.2 Snow Peas

The impact of precooling, PMAP [polymethyl pentene 25 pm (PMP-1) and 35 pm
(PMP-2), LDPE and OPP were used] and CA (2.5, 5 and 10 kPa O, with 5 kPa CO,,
0, 5 and 10 kPa CO, with 5 kPa O,) storage on the preservation of snow pea pods at
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5 °C was determined. PMP pods were the best and OPP the worst in terms of
external appearance while precooling proved helpful. The application of CA with
5-10 kPa O, with 5 kPa CO, proved to be the most effective, since the changes in
organic acid, free amino acid, sugar contents, and sensory attributes were negligible
(Pariasca et al. 2000).

1.7.8.3 Fungi
Truffles

Gamma irradiation (doses of 1.5 kGy and 2.5 kGy of either one) and subsequent
PMAP (a 25 pm film was used) storage was used for Tuber aestivum truffles
preservation. Treatment with 2.5 kGy irradiation led to doubling the shelf life of
samples (42 days) by restraining microbial populations (5.8, 5.1, >6, 2.8, and >2.4
log CFU/g reduction on mesophile, Pseudomonas, Enterobacteriaceae, LAB and
yeasts counts, respectively compared to control) and preserving texture and aroma
characteristics (Rivera et al. 2011a).

Treatments with electron beam and gamma irradiation (doses of 1.5 kGy and
2.5 kGy of either one) were tested on Tuber melanosporum truffles stored under
MAP for 35 days at 4 °C. Mesophile growth was reduced by both treatments (4.3,
5.6, 6.4 and 6.6 log CFU/g for 1.5, 2.5 respectively). Candida sake and Candida
membranifaciens var. santamariae survived and were the dominant microbial popu-
lations. The use of high irradiation dosages did not favor texture characteristics
thereby limiting the shelf life to 28 days (Rivera et al. 2011b).

A shelf life of 28 and 21 days was achieved for T. melanosporum and T. aestivum
truffles respectively stored at 4 °C under PMAP (a Mi-P film was used) microbial
load was reduced (2 and 1.2 log CFU/g reduction for mesophiles, 3.7 and 1 log
CFU/g reduction for Enterobacteriaceae and 2.8 and 0.8 log CFU/g reduction for
Pseudomonas on T. melanosporum and T. aestivum samples, respectively stored
under MAP when compared with air stored samples) and texture and sensory charac-
teristics (aroma, color) where better preserved on MAP samples (Rivera et al. 2010).

A 4 log reduction for pseudomonads, more than 2 log reductions for
Enterobacteriacae, moulds and LAB and 1.5 log reductions for yeasts on Tuber
aestivum and Tuber melanosporum truffles surface was achieved by dipping in 70 %
ethanol combined with 35 Hz ultrasound treatment. The subsequent storage under
MAP (a microperforated LDPE film was used) at 4 °C led to a shelf life of 28 days
for both truffles species (Rivera et al. 201 1c).

Mushrooms
Antmann et al. (2008) investigated shiitake mushrooms stored under passive (two

macroperforated PE films used, PE, and PEg) and active (15 % O, and 25 % O, in a
LDPE film) atmosphere for 18 days at 5 °C. AMAP samples manage to retain their
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initial weight through the whole storage period while both control and PMAP
samples had significant losses (>10 % and <5 % weight loss for films A and B
respectively). Mushrooms in packages B had a shelf life of 10 days due to their sen-
sory deterioration, particularly by changes in the color and uniformity of their gills.

A macroperforated (control) PP, a LDPE and a PP film were used for MA pack-
aging of shiitake mushrooms at 5 °C for 16 days. Control samples had a weight loss
that reached 47.5 % whereas samples stored in PP or PE exhibited a weight loss of
5.6 %. The use of MAP reduced the estimated shelf life reaching 5+2 days for
mushrooms stored in PE or PP, and 12+2 days for MA-PP for a 25 % consumer
rejection (Ares et al. 2006).

Combinations of antimicrobial (C10, and H,O, were tested in various concentra-
tions and washing duration) and antibrowning (sodium d-isoascorbate and H,O, in
various concentrations) treatments were tested on sliced mushrooms stored under
PMAP (PA-190 OPP was used) at 4 and 8 °C for 7 days. The use of ClO, had satis-
factory antimicrobial effect. H,O, washing for 60 s produced best quality (higher L*
values) and (>1 log CFU reduction) was superior to ClO, in reducing pseudomonad
counts (Cliffe-Byrnes and O’Beirne 2008).

The effect of a biobased packaging material (paper coated with a wheat gluten
solution) on the quality of common mushrooms stored at 20 °C was examined
by Guillaume et al. (2010). Shelf life of samples was extended by 2 days, while
the main disadvantage of the material was a significant weight loss observed (3.8 %
on day 3).

High oxygen atmosphere (70, 80 and 95 % O, in a barrier film) and PMAP
(bioriented PP film used) were compared for preserving sliced mushrooms at 4 °C
for 7 days. Mushrooms stored under low O, atmospheres had a reduced shelf life
(by 3 days) compared to samples under high O, MA (6 days). High O, levels had a
beneficial effect on product acceptability (7 days, while EMA samples were rejected
on the sixth day due to off-odors) (Jacxsens et al. 2001).

Oyster mushrooms were washed with water, 0.5 % citric acid, 0.5 % calcium
chloride, and 0.5 % citric acid with 0.5 % calcium chloride and stored under PMAP
(PP, 0.075, 0.05 and 0.0375 mm LDPE and LLDPE films were used) at 8 °C for 8
days. Mushrooms packaged in 0.015-mm LLDPE after washing with 0.5 % calcium
chloride and 0.5 % citric acid produced the least off odors and had the least off-color
development (Jayathunge and Illeperuma 2005).

Shiitake mushrooms were stored under PMAP (an LDPE film used with OTR:
1,078 x 107!* mol/m s Pa) after UV-C irradiation treatment and were stored at
1+1 °C for 16 days and finally held at 20 °C for 3 days. UV-C treated samples
retained higher ascorbic acid and flavonoid levels (32 and 22 mg/kg at day 16,
respectively) while the decrease in firmness was reduced (Jiang et al 2010a).

An atmosphere modification of 12 O, and 2.5 CO, and PMAP with the use of
LDPE film (OTR: 1,078 x 10~!® mol/m s Pa) was used by Jiang et al. (2010b) for
preserving Agaricus bisporus mushrooms for 15 days at 4+ 1 °C. The use of a pro-
tective atmosphere reduced browning by inhibiting POD activity and the accumula-
tion of lignin (3.5 2.3 and 2.2 x103A280/kg for control, AMAP and PMAP samples,
respectively).
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Jiang et al. (2010c) investigated the effect of gamma irradiation (1.0, 1.5 and
2 kGy) on shiitake mushrooms stored under PMAP (BOPP film was used) at 4 °C
for 20 days. Mushrooms irradiated with 1.0 kGy maintained firmness, phenolic and
flavonoid compounds and had a shelf life of 20 days.

Jiang et al. (2010d) investigated the structural changes of the cell wall of shiitake
mushrooms stored under PMAP (LDPE film used with 0, 2 and 4 microholes) at
4 °C for 16 days. The film with 4 microholes proved effective in maintaining firm-
ness, reducing losses in protein (46 %) and retarded cellulose increase (35 g/kg DW).

Agaricus bisporus mushrooms were dipped in 2.2-(hydroxynitrosohydrazino)-
bisethanamine (DETANO), a nitric oxide donor (0.5, 1, and 2 mM concentrations)
and subsequently stored under MAP (BOPP film) and stored at 4 °C for 16 days.
Firmness was better maintained with 1 mM DETANO and MAP and the use of
DETANO led to a lower browning incidence. The use of NO combined with MAP
can lead to shelf life extension up to 12 days (Jiang et al. 2011).

Enoki mushrooms were packaged under various conditions (full and half vac-
uum with RD-106 polyolefin for packaging film, half vacuum with cast polypropyl-
ene and polyolefins RD-106 and PD-941 for films and RD-106 packages stored at
5, 10 and 15 °C) and stored at 10 °C for 14 days. The higher the degree of vacuum
the lower the weight loss the samples had (1.3, 1.1 and 1 % for air, partial and fully
vacuumized samples). A higher degree of initial vacuum in RD-106 film packages
suppressed stripe elongation (6.5 %) (Kang et al. 2000).

Sliced and whole mushrooms were spray-coated with solution of chitosan and
CaCl, (2 g per 100 mL) and packaged with a PVC wrap or two polyolefins (PD-941
and PD-961) at 12 °C for 6 days. Coated sliced mushrooms exhibited higher AE
than uncoated mushrooms while the use of PD-961 film had the best color results in
terms of L* value. Products coated with chitosan were less mature at the end of the
experiment compared to uncoated ones (Kim et al. 2006).

CaCl,0; (0.4 and 0.8 g/L) treatment and passive (LDPE with 2 or 4 perforations
or PVC) or active atmosphere modification (10 mg/100 mL O,/10 mg/100 mL CO,)
was tested for the preservation of mushrooms stored at 5+1 °C for 10 days.
Coliforms [6x 108, 7x 10* and 4 x 10° CFU/g for treated LDPE (4 per.) with MAP,
PVC and perforated PVC] and the total plate counts [10%, 10° and 4 x 10° CFU/g for
treated LDPE (4 per.) with MAP, PVC and perforated PVC] of all packaging meth-
ods were lower with the addition of 0.8 g/L. CaCl,O, (Kuyper et al. 1993).

Pseudomonas fluorescens and Candida sake were inoculated into homogenized
mushrooms and stored wunder different gaseous atmospheres [CO,/O,
(25 %/1 %)-MAP, and CO,/O, (50 %/1 %)-MAP,] at 5 and 10 °C for 18 days. pH
was greatly reduced in MAP, storage conditions (5.06 and 5.79 for MAP, at 5 and
10 °C, respectively were the lowest pH values). The presence of CO, played an
important role in increasing the lag time of Pseudomonas and Candida (Masson
et al. 2002).

Figure 1.4 shows that the use of LDPE as a packaging film and treatment with
calcium hypochlorite had a beneficial effect on retention of pseudomonads. The
combination of hydrogen peroxide and sodium isoascorbate reduced the initial
microbial load but did not have the same effect on the population’s growth rate.
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Fig. 1.4 Pseudomonas growth on mushrooms treated and stored under modified atmosphere con-
ditions [PMAP 1 and 2 with microperforated oriented polypropylene used as packaging film (with
45,000 and 2,400 mL/m? day atm. O, permeabilities respectively), Simon et al. (2005), for PMAP
3 mushrooms treated with CaCl,O, spray (0.4 mg/mL) were packed in perforated LDPE bags, for
PMAP 4 perforated LDPE was the packaging film, Kuyper et al. (1993), washing with CIO,
(50 mg/mL) for 60 s and stored under PMAP 5 (PA-160 OPP film used), washing with H,O, 3 %
for 60 s and then stored under PMAP 6 (PA-160 used), washing into a H,O, (3 %) and sodium
isoascorbate (4 %) solution and stored under PMAP 7 (PA-160 used) and PMAP 8 was created
with the use of PA-160 film after washing with H,O, (3 %) for 60 s and spraying the products with
sodium isoascorbate (4 %), Cliffe-Byrnes and O’Beirne (2008). Shiitake mushrooms were stored
under PMAP 9 and PMAP 10 after gamma irradiation with a dose of 1.0 and 2.0 kGy, respectively
(Jiang et al. 2010a, b, ¢, d) PMAP 11 was prepared with the use of a PVC film (12 pm thickness,
OTR: 25,000 mL/m? day atm.) after immersion of the Agaricus bisporus mushrooms in an aqueous
solution with 10 g/L of citric acid for 5 min (Simon et al. 2010)

Parentelli et al. (2007) used a combination of passive (LDPE and PP films) and
active (5 % 0,/2.5 % CO,) atmosphere conditions for storage of shiitake mush-
rooms at 5 °C for 20 days. MAP retained weight loss under 6.5 % at the end of
storage. The use of atmosphere modification, both passive and active, increased
deterioration rate and deteriorated sensory attributes, compared to control samples.

Roy et al. (1996) used sorbitol and sodium chloride (5, 10 or 15 g) in an attempt
to modify the in-package relative humidity (IPRH) of mushrooms (water irrigated
and CaCl, irrigated) stored in MAP (polyethylene film) at 12 °C. The addition of
sorbitol kept IPRH over 80 % during the storage period. Packages containing CaCl,
irrigated mushrooms had lower IPRH than normally grown mushrooms. NG mush-
rooms stored with 10 and 15 g sorbitol had higher L* values and lower AE values
than without sorbitol.

A research conducted led to the conclusions that Agaricus bisporus mushrooms
can safely be stored for 32, 44 and 108 h under passive MAP conditions with the use
of LDPE, PP and OPP films, respectively.

Simon et al. (2005) applied MA conditions that were created passively (PVC,
OPP, and OPP, films with high and low O, permeability were respectively, used) for
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the storage of sliced mushrooms at 4+1 °C for 13 days. The increase in the shear
force needed was bigger in the control and PVC samples (1,020 N), while there was
less force needed for the shearing of samples stored in PP, (890 N) and PP, (780 N)
bags. The use of PP, bags did not prevent the detection of off-odors, although the
samples had the best appearance scores (no deformation, blotch absence).

A reduction by 2.5 log CFU/g was achieved with the immersion of Agaricus
bisporus mushrooms in an aqueous citric acid solution (10 g/L) and subsequent
storage under passive MAP (PVC film used with OTR: 25,000 mL/m? day atm.).
Shelf life of samples washed with the citric acid solution and stored under PMAP
was 13 days due to microbial spoilage (Simon et al 2010).

Mushrooms were stored in plastic containers (creating modified atmosphere con-
ditions) and subjected to temperature fluctuations (TF) (4 and 14 °C for 2 days
alternatively) during the 12-day storage period. The RH levels were temperature
dependent and with each temperature increase RH dropped rapidly (90 %) and
returning to 100 % when temperature was reaching the initial value. Due to TF,
there was a high ethanol content increase (24.4-fold) in MA packages compared to
ones with stable temperature conditions (1.9-fold) (Tano et al. 2007).

The effects of vacuum cooling prior to packaging under MAP (5+1 % O/3+1 %
CO; initial atmosphere with LDPE film used) or hypobaric conditions (20-30 kPa
total pressure) at 4+ 1 °C were evaluated by Tao et al. (2006). The weight loss was
restrained under MAP whereas it was relatively extensive on mushrooms under HC
(>1 % and 14.78 %, respectively). The membrane permeability of mushrooms under
MAP was 15 %.

VC and AMAP (51 % O,/3+1 % CO, initial atmosphere with LDPE film used)
at 4+1 °C were applied and well defined by Tao et al. (2007). The activities of
superoxide dismutase, catalase, peroxidase and polyphenol oxidase were positively
affected by vacuum cooling resulting in a 1.2-, 1.2-, 1.1- and 1.1-fold increase,
respectively. Browning was more apparent in control samples than in MA packaged
and VC treated ones (1.5° of browning).

Villaescusa and Gil (2003) tested various storage temperatures (0, 4 and 7 °C)
MA conditions [PVC, two microperforated polypropylenes (MPP, and MPP,) and a
LDPE film were used for storage at 4 °C] and different moisture absorbers (10, 15
and 20 g of sorbitol and 3, 5, 7, and 15 g of silica gel in MPP, film) for prolonging
the shelf life of mushrooms. The optimal temperature for mushroom storage was
0 °C since all the quality characteristics remained close to the initial levels (2.0 %
weight loss, 4.2°Brix SSC, 6.2 pH and 0.09 g citric acid/100 mL TA).

The use of superatmospheric conditions (50, 70, 80, 90 and 100 % O,) for the
preservation of needle mushrooms (PE film, 10 g of bentonite as a moisture absorber
and 8 g of active carbon as a deodorant were used) at 3 °C for 34 days was examined
by Wang et al. (2011). Mushrooms under 80 % O, had the best appearance scores,
the lowest POD and PPO levels (4.26 and 3.25 U/g, respectively) and the highest
SOD levels (0.73 U/g %) leading to the lowest browning levels and an increased
shelf life.



74 1 Application of Modified Atmosphere Packaging on Quality...

Weight loss e PMAP 1
—=— MAP 1
—— PMAP 2

—=— PMAP 3

—— MAP 2

—e— PMAP 4

Weight loss (%)

—— PMAP S

—— PMAP6
0 2 4 6 8 10 12 14 16 18  20|-— MAP3

Storage Time (Days)

Fig. 1.5 Weight loss in mushrooms stored under passive or active modified atmosphere conditions
[PMAP 1 was created in polyolefin pouches with OTR: 13,800 mL/m? day atm., Roy et al. (1996),
MAP 1 with initial atmosphere of 5+1 % O,/3+1 % CO, and LDPE film used after vacuum cool-
ing treatment at 5 °C, Tao et al. (2006), PMAP 2 and 3 with microperforated OPP used as packag-
ing film (with 45,000 and 2,400 mL/m? day atm. O, permeabilities, respectively), Simon et al.
(2005), MAP 2 was created in PE packages with initial conditions of 15 % O,, a macroperforated
PE (17 perforations/m* with 0.1 mm? surface) was used for shiitake mushrooms storage at PMAP
4, Antmann et al. (2008), for PMAP 5 an PO film was used to preserve fresh enoki mushrooms,
Kang et al. (2000), for common mushrooms stored under PMAP 6 a paper film coated with a wheat
gluten solution was used (Guillaume et al. 2010) and MAP 3 for Agaricus bisporus mushrooms
stored under MAP (12 O, and 2.5 CO,) by Jiang et al. (2010a, b, c, d)]

An evaluation of Fig. 1.5 leads to the conclusion that packaging under passive or
active atmosphere conditions has beneficial effects on weight loss (all samples but
one were under 2.5 %). Storage under low temperatures and the selection of films
with low water vapor transmission rate can reduce water loss and increase shelf life
of the product.

1.7.9 Other
1.7.9.1 Coleslaw mix (80 % Shredded Cabbage, 20 % Shredded Carrots)

Coleslaw mix inoculated with L. monocytogenes and L. innocua and then stored
under PMAP (OPP and four microperforated OPP films, PA-120, PA-160, PA-190
and PA-210) at 3 and 8 °C was studied by Bourke and O’Beirne (2004). By day 12,
L. innocua counts fell rapidly in PA-120 (1.7 log CFU/g) than in all other PA films.
The initial record of approximately 105 CFU/g total aerobic mesophiles at 3 °C
increased by 2 more log cycles by day 7 and finally remained at this level in the PA
films, while OPP counts declined.

Different packaging treatments (PMAP with OPP and four microperforated OPP
films, PA-120, PA-160, PA-190 and PA-210) were used to determine the effects of
different packaging treatments on the quality of dry coleslaw stored at 4 and 8 °C
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for 9 days (Cliffe-Byrnes et al. 2003). The rate of deterioration on sensory scores
was significantly greater at 8 °C with PA films scoring significantly higher than
OPP. The Weight loss was considerably higher in air and statistically greater at
8 °C. Although it may not seem to be the best option, packaging within microperfo-
rated films allowed better preservation of quality.

The effect of chlorine treatment (washing in a 100 ppm chlorine solution for
5 min) and PMAP (microperforated OPP films PA-160 and PA-210 used) on cole-
slaw mix stored at 4 and 8 °C for 9 days was monitored by Cliffe-Byrnes and
O’Beirne (2005). Chlorine washed coleslaw at 4 °C remained within sensory
acceptable limits throughout the storage period. Chlorine also reduced the initial
counts of Pseudomonas species, at both 4 (7.05 and 7.04 log CFU/g) and 8 °C (7.3
and 7.33 log CFU/g) for both films (PA-160 and 210). PA-160 with chlorine wash-
ing at 4 °C was found to be the best combination.

Coleslaw mix inoculated with L. monocytogenes and two strains of E. coli and
stored afterwards under passive MAP (OPP film) at 4 and 8 °C for 12 days was
analyzed by Francis and O’Beirne (2001). L. monocytogenes numbers was shown to
decrease by 1.5 log cycles during storage at 8 °C, and by approximately 2.0 log
cycles when samples were held at 4 °C. Populations of E. coli O157:H7 on coleslaw
mix increased by approximately 1.5 log cycles by day 5, whereas they declined by
1 to 2 log cycles, depending on strain, with further storage at 8 °C.

Francis et al. (2007) focused on the contribution of the glutamate decarboxylase
(GAD) acid resistance system to survival and growth of L. monocytogenes LO28 in
PMAP (OPP 35 pm) coleslaw stored at 4, 8 and 15 °C for 12 days. A wild strain of
L. monocytogenes and 4 strains with mutant genes (AgadA, AgadB, AgadC,
AgadAB) of negligible GAD activity were inoculated on the coleslaw. At 4 °C, the
populations of the AgadAB (2.7 log CFU/g) were lower than the wild-type or other
strains (about 4.1 log). At 15 °C, the order of survival was LO28>AgadA > AgadC
>AgadB>AgadAB.

1.8 Conclusions

According to the already previously presented experimental researches, the ability
of different packaging conditions to delay the quality loss of the vegetables was
explained. Factors such as storage temperature, use of several pretreatments, film
permeability or light and dark storage conditions combined with atmosphere modi-
fication led to shelf life extension. Shelf life extension achieved on chicory endive
varied from 2 to 3 days. A 14 to 60-day storage life was observed in tomato samples
stored under MAP. Carrots stored under MAP remained edible from a time period
of 7 to 15 days, while broccoli under MAP gained a 7 to 14-day storage period elon-
gation. For 7 to 14 days mushrooms that underwent MAP storage were organolepti-
cally acceptable, while 28 days was the shelf life limit for asparagus in MA packages.
Postharvest quality of peppers was maintained for 15 to 28 days by altering the in-
package atmosphere and lettuce preservation reached 10 days under MAP. A sum-
mary referring to shelf life of vegetables stored under MAP is given in Table 1.6.
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