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® Modified-atmosphere packaging (MAP): the replacement of air in a
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pack by a different mixture of gases, where the proportion of each
component is fixed when the mixture is introduced, but no further

control is exercised during storage. 2| # 48 ¢
® Controlled-atmosphere packaging (CAP): packaging in an atmosphere
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where the composition of gases is continuously controlled throughout
storage. This technique is used primarily for the bulk storage of products
and requires constant monitoring and control of the gas composition.
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e Equilibrium- modzﬁed atmosphere (EMA): used primarily for fruit and
vegetables; either the pack is flushed with the required gas mix or the
produce is sealed within the pack with no modification to the atmosphere.
Subsequent respiration of the produce and the gas permeability of the
packaging allow an equilibrium-modified atmosphere to be reached.

® Vacuum packaging (VP): the product is placed in a pack of low oxygen
permeability, air is evacuated and the package sealed. The gaseous
atmosphere of the vacuum package is likely to change during storage
(from metabolism of the product or microorganisms) and therefore the

atmosphere becomes modified indirectly. -
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~ Role of gases MAPL & ez W5 » F 4 » = § o4

The three major gases used commercially in MAP are oxygen, nitrogen
and carbon dioxide, although several other gases have been investigated,
e.g. carbon monoxide, sulphur dioxide, nitrous oxide, ozone and chlorine.
However, the use of these has been limited by safety concerns, legislation,
‘negative effects on organoleptic properties and cost. -F '“‘”‘\ - ¥ ‘"“
Oxygen (O,) will generally stimulate the growth of aerobic bacteria and
can inhibit the growth of strictly anaerobic bacteria, although there is a
very wide variation in the sensitivity of anaerobes to oxygen (Farber,
1991). Oxygen is very important in fresh meats to maintain myoglobin in
its oxygenated form (oxymyoglobin), which gives fresh meat its bright red
colour. Its presence may cause problems with oxidative rancidity or colour
in some products (e.g. fatty fish and cured meats, respectively). -/
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Nitrogen (N,) is an inert tasteless gas with low solubility in both water

" and lipid. It is used to replace oxygen in packs so as to delay oxidative

rancidity and inhibit the growth of aerobic microorganisms (Farber, 1991).
Because of its low solubility, it is used as a filler gas to prevent the pack
collapse which may occur in high CO,-containing atmospheres.

Carbon dioxide (CO,) is both water- and lipid-soluble and is mainly
responsible for the bacteriostatic effects seen on microorganisms in modi-
fied atmospheres (Farber, 1991). The overall effect on microorganisms is
an extension of the lag phase of growth and a decrease in the growth rate
during the logarithmic phase (Farber, 1991). This bacteriostatic effect is
influenced by the concentration of CO,, the age and load of the initial
bacterial population, storage temperature and the type of product to be
packaged (Reddy et al., 1992). Although the bacteriostatic effect of CO,
has been known for many years, the precise mechanism of its action is still
not clearly understood. Farber (1991) summarised the theories regarding
the influence of CO, on the bacterial cell as:
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~—" e alteration of cell membrane function including effects on

uptake and absorption;

tions;
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nutrient

e direct inhibition of enzymes or decreases in the rate of enzyme reac-

® penetration of bacterial membranes, leading to intracellular pH

changes;
e direct changes to the physicochemical properties of proteins.

With high-moisture/high-fat foods such as meat, poultry and seafood,
excessive absorption of CO, can lead to the phenomenon known as ‘pack
collapse’ (Parry, 1993). Increased in-pack drip is also caused by dissolution
of the gas into the surface of fresh muscle foods which reduces their pH
values sufficiently to weaken the water-holding capacity of the proteins
(Parry, 1993).
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Fig. 3. Effect of carbon dioxide and bicarbonate ion concentrations on the
growth of Pseudomonas aeruginosa in nitrate broth at various temperatures:

Dissolved carbon dioxide (a) or bicarbonate (b) concentrations determined £
from the medium pH using a pX, value of 4-75. Inhibition was measured as a
percentage decrease in turbidity compared to a control without carbon J
dioxide/bicarbonate at the same pH. Incubation temperatures were 20°C (M),
25°C (O) and 37°C (A). g,
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Fig. 3. Effect of carbon dioxide and bicarbonate ion concentrations on the

growth of Pseudomonas aeruginosa in nitrate broth at various temperatures:

Dissolved carbon dioxide (a) or bicarbonate (b) concentrations determined =
from the medium pH using a pK, value of 4-75. Inhibition was measured as a

percentage decrease in turbidity compared to a control without carbon J
dioxide/bicarbonate at the same pH. Incubation temperatures were 20°C (M),

25°C (O) and 37°C (A).
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Figure 14.2 Microflora of (a) aerobic and (b) MAP (80% CO,, 20% N,) rainbow trout stored
at 5°C. M-M = Enterobacteriaceae; A— A = Pseudomonas spp.; @@ = lactic acid bacteria.
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Figure 14.2 Microflora of (a) aerobic and (b) MAP (80% CO,, 20% N,) rainbow trout stored
at 5°C. M- = Enterobacteriaceae; A—A = Pseudomonas spp.; @@ = lactic acid bacteria.
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J Anaerobic Growth Rates of Different Bacteria in High (100%) and Low (5%)

TABLE 1

Carbon Dioxide

- Organism Maximum specific growth % inhibition
rate (h™") by high CO,
5% CO./95% N, 100% CO,
Aeromonas hydrophila 0-34 0-16 53
Bacillus cereus 0-24 0-08 67
Brocothrix thermosphacta 0-08 0-06 25
Citrobacter freundii 0-43 0-28 35
Clostridium sporogenes 0-20 0-12 40
Escherichia coli 0-40 0-27 33
Lactobacillus 173 0-13 0-12 8
Lactobacillus viridescens 0-13 0-11 15
Staphylococcus aureus 0-17 0-09 47
Streptococcus faecalis 0-41 0-29 29
Yersinia enterocolitica 0-27 0-20 26
Yersinia frederiksenii 0-25 0-12 52
Data from Molin (1983)
TABLE 4

/  Dominant Microbial Flora of Vacuum or Modified Atmosphere Packed Meats

St Stored at Chill*
o Meat Vacuum Gas phase Refs®
CO, CO,/N, CO,/O, CO,/N,/O, Air
Beef L L Lor Lor L L/Ps 1
L/Co/Ps L/Ps Ps/B 2
high pH L/B L  Ps/B/L Ps 2
Pork L L L/Le Lorle L/Ps Ps 3,4
cured L Y 5
= % ]i Luncheon meat L/En 6
Lamb ¥ p B/L B/L/E B B/PS/E B/Ps 78
Poultry L Ps 9,10
Cured ham/turkey B/L 10

isms in order of frequency but only those comprising more than 10% flora at end

of storage period are listed. Key to flora: L, lactic acid bacteria; Ps, pseudomonads; Co,

R 1% [] coryneforms; B, Brocothrix thermos; hact% Le, Leuconostoc; En, Enterobacter sp.; E,

Enterobacteriaceae; Y, yeasts.

oS

(1) Christopher et al., 1979a. (2) Erichsen & Molin, 1981. (3) Christopher et al., 1979b.
(4) Enfors et al., 1979. (5) Blickstad, 1984. (6) Bell & Gill, 1982. (7) Newton et al., 1977.
(8) Grau et al., 1985. (9) Jones et al., 1982. (10) Mead, 1983.
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/ Table 14.1 Potential advantages and disadvantages of MAP MIAP e7775 4% BE
‘_'/v/ Advantages
Shelf-life increase of 50-400% possible
~ Economic losses reduced (longer shelf-life to spoilage)

Products can be distributed over longer distances and with fewer deliveries, leading to
decreased distribution costs N

Provides a high quality product

Easier separation of sliced products

Centralised packaging and portion control

Improved presentation — clear view of product and all-round visibility

Little or no need for chemical preservatives

Disadvantages
Visible added cost
Temperature control necessary
Different gas formulations for each product type
Special equipment and training required
Product safety to be established

Increased pack volume — adversely affects transport costs and retail display space
Benefits are lost once the pack is opened or leaks
Adapted from Farber (1991) and Parry (1993).
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7 14.3.2  Microbial safety MAP % > 4%

~ Whilst the ability of MAP to extend the shelf-life of many products is well
recognised, concern has been expressed by regulatory authorities, food
industry groups and others that MAP may introduce undue safety hazards.
The concerns are that suppression of the normal spoilage flora may result
in an organoleptically acceptable product whilst either allowing or enhanc-
ing the growth of pathogenic organisms. Historically, the non-proteolytic,
psychrotrophic strains of Clostridium botulinum have been the major
safety concern. These strains can grow and may produce toxin without
producing overt signs of spoilage, which may also be absent as a result of
an inhibition of the normal spoilage flora. More recently, concerns have
been expressed about the ability of the other psychrotrophic pathogens,
e.g. Aeromonas, Listeria and Yersinia, to erow in MAP products.

Ny -
N ;

7/
7



/ -
/ 14.3.3 Clostridium botulinum

Historically, MAP of fish and fish products has been the greatest cause for
concern with respect to Cl. botulinum, and resulted in the US National
Academy of Sciences recommending that, until the safety of the system
was established, fish should not be packed in MAP (Davis, 1993). This
resulted from the isolation of all types of Cl. botulinum from marine
environments, which, although highly variable by geographic location and
season, is frequent enough that processors must assume its presence.
Strains of type E and the non-proteolytic types B and F are the major
concern in MAP as they are able to grow at temperatures as low as 3.3°C,
albeit stowly, and, as they do not putrefy proteins, may not cause obvious
signs of spoilage. Numerous studies have examined the relationship
between time to toxin production and signs of organoleptic spoilage for
MAP fish, and these have been reviewed (Reddy et al., 1992; Stammen
et al., 1990). Unfortunately, because of the many variables between
studies, e.g. fish type, size and site of inoculum, temperature, season,
atmosphere, etc., direct comparisons between the studies cannot be made.
However, Stammen et al. (1990) in their review, concluded that

—‘with few exceptions, at temperatures above 20°C, organoleptic spoilage coin-
cided with toxin production in many fresh fishery products, regardless of
the modified atmosphere used. However, at lower temperatures, organoleptic

spoilage preceded toxin development in all fresh fish products except cod and
whiting fillet held in either an air, vacuum or CO, atmosphere. This trend was
seen at storage temperatures from 4-12°C. The time interval between toxin
development and organoleptic spoilage of MAP fish products generally
decreased as storage temperatures increased. In contrast toxin development
preceded organoleptic spoilage in cod and whiting fillets packaged-in 100% CO,

and held at refrigeration temperatures. These products were still acceptable for

consumption even though botulinal toxin was found in them.’
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Figure 14.1 Segmentation of the UK MAP retail market by food product sector, 1992.

Reproduced with permission from Day B.P.F. Recent Developments in MAP. European
Food and Drink Review, Summer, pp. 87-95.
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