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Abstract

Consumers demand for fresh or fresh like fish products without altering its natural
quality attributes will be met by using low temperature preservation particularly
chilling. Low temperature preservation is widely practiced in the industry to
overcome the spoilage of fish. However, low temperature alone has limited
shelf-life which lead to the introduction of innovative packaging interventions
ranging from high barrier packaging material to most recent active packaging
technologies. Vacuum packaging (VP) and modified atmosphere packaging (MAP)
helped in reviving the fresh fish industry ads they helped in improving safety as
well as shelf life considerably. The recent active packaging technologies especially
02 scavenger and CO2 emitters have additional advantage of very limited capital
investment compared to VP and MAP technologies. Present article gives a brief of
recent advancements of these packaging innovations for fish preservation under

~

Review Article

Mohan CO'*, Ravi Shankar CN? and Srinivasa
Gopal TK?

IFish Processing Division, ICAR-Central Institute of Fisheries
Technology, India

Volume 2 Issue 1 - 2016

2]CAR-Central Institute of Fisheries Technology, India

*Corresponding author: Mohan CO, Scientist, Fish
Processing Division, ICAR-Central Institute of Fisheries
Technology, Matsyapuri, Willingdon Island, Cochin-682029,
India, Tel: +91-484-2412365; Email: comohan@gmail.com

chilled or refrigerated storage condition.

Active packaging
=

Keywords: Fish; Chilling; Vacuum packaging; Modified atmosphere packaging;

Received: October 11, 2015 | Published: February 10, 2016
. v

J

Abbreviations: VP: Vacuum Packaging; MAP: Modified Atmo-
sphere Packaging; PUFA: Poly-Unsaturated Fatty Acids; EPA: Eicos-
apentaenoic Acid; DHA: Docosahexaenoic Acid; NPN: Non-Protein
Nitrogen; GRAS: Generally Recognized-As-Safe; MA: Modified At-
mosphere; AP: Active Packaging

Highlights

a. Chilling / refrigerated fish preservation is the most widely
preferred as it has limited effects on sensorial quality.

b. Vacuum packaging and modified atmosphere packaging
improves safety and shelf life of fishes.

c. Active packaging technologies are most effective packaging
interventions in improving shelf life of fish.

Introduction

Consumption of fish is increasing globally due to increasing
evidence of positive benefits for medical conditions like
constipation, cardiovascular diseases, obesity, hypertension
and certain variety of cancer. World per capita apparent fish
consumption increased from an average of 9.9 kg in the 1960s to
19.2 kg in 2012 [1]. Fish is the main source of protein in many
parts of the world. Fish is a rich source of dietary proteins and
omega-3 (n-3) fatty acids which reduces cholesterol levels. Various
health benefits have been attributed to the consumption of fish
like cardioprotective benefits, improved pregnancy outcomes,
fewer preterm and low birth weight deliveries. Though fish is
highly nutritious, it is also highly perishable due to the presence
of high moisture, protein and highly oxidizable poly-unsaturated

fatty acids (PUFA), making it vulnerable to various biochemical,
physical and microbial forms of deterioration throughout
the production chain. Proper preservation of fish assumes
greater importance to reduce the wastage of nutritious food
commodity. Among the various preservation methods available,
low temperature preservation especially chilling or refrigerated
storage has attracted interest of many researchers as it induces
minimal changes in the texture and other characteristics of
fish. However, it has limited shelf life depending on the species
of fish. Although various researchers have reported beneficial
effects of using innovative packaging technologies like vacuum
packaging, modified atmosphere packaging and active packaging
technologies on the safety and shelf life of fish products, there is
no report on the detailed review in these aspects. In this review,
an attempt was made to compile data obtained from literature
related to the packaging interventions to enhance the quality and
shelf life of fish products preserved in low temperature storage
conditions.

Nutritive benefits of fish

Health, nutrition and convenience are the most demanding,
challenging and major drivers in the global food industry. The
fresh fish and seafood’s rank third (12% growth rate) among
the food categories with the fastest overall growth worldwide
in 2006, next to drinkable yogurt (18%) and fresh soup (18%)
[2]. Seafood products have attracted considerable attention as
a source of high amounts of important nutritional components
like high-quality protein, essential vitamins and minerals and
healthful polyunsaturated fatty acids to the human diet [3-5]. Fish
is regarded as one of the cheapest animal protein sources and it
accounts for about 40% of the total animal protein intake of an
average person in the tropics [6]. Societies with high fish intake
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have considerably lower rates of acute myocardial infarctions,
other heart diseases and atherosclerosis, arthritis, asthma and
other inflammatory or self- immune illnesses or certain types
of cancer [7-10]. The highest life expectancies in Japan [2] could
be attributed to their high seafood consumption. The above
mentioned benefits are thought to be due to rich omega-3 poly
unsaturated fatty acids content (Q2-3 PUFA). Furthermore, dietary
intake of Q-3 PUFA was inversely related to the risk of impaired
cognitive function. Q-3 PUFAs are also critical for normal neural
and visual developmentin the human foetus. The two important -3
PUFAs, EPA (Eicosapentaenoic acid) and DHA (Docosahexaenoic
acid) are available to consumers mainly through a diet rich in
fish. Studies also indicated that dietary factors such as DHA have
neuroprotective effects which help in preventing Alzheimer’s
disease [11]. Nutrition recommendations in many countries
suggest that fish should be an integral part of a nutritious human
diet. In many countries, seafood consumption has increased
considerably due to the above benefits. As fish is highly nutritious
it is also highly perishable due to its high moisture content,
protein and highly oxidizable PUFA. Due to this fish and fish
products are vulnerable to various biochemical, physical and
microbial forms of deterioration throughout the production chain
(catch to retail sale) which leads to the breakdown of protein and
lipid fractions and the formation of amines (volatile and biogenic)
and hypoxanthine. In spite of the potential health benefits related
to fish consumption, eating of fish containing oxidized fatty acids
limited health benefit. The fish lipid containing high amount of
polyunsaturated fatty acids are known to be highly susceptible
to oxidative breakdown [12-15] and heat catalysts strongly for
the initiation of lipid peroxidation [16-20]. These oxidation
products can lead to certain medical disorders, such as higher
risk of atherosclerosis [21], oxidative stress, and exacerbate at
heterogenesis by incorporating into lipoproteins [22], and serious
alterations in membrane composition, fluidity, and function [23].
These leads to deterioration in sensory quality, a loss of nutritional
value, and negative modifications of the physical properties of
fish muscle [24-26]. In order to increase the average amount of
fish consumption, good quality seafood that is well prepared and
conveniently packed should be available [27].

Spoilage of Fish

The principal constituents of fish muscle are water (66-89%),
protein (16-21%), lipids (0.25-25%) and ash (1.2-1.5%) [28]. The
myofibrillar protein, actin and myosin (2/3™ of proteins) play an
essential role when fish swims. The water soluble proteins are
mostly enzymes [28]. Fish and shellfish are highly perishable,
because of the intrinsic factors (for example, high a,, neutral
pH, presence of autolytic enzymes, highly digestible proteins
and highly unsaturated fatty acids, large amounts of non-protein
nitrogen (NPN), the presence of TMAO as part of NPN fraction,
mainly in marine fishes) and the extrinsic factors (for example,
temperature, processing and packaging atmosphere) [29-36].
The fish spoilage is also due to the high metabolic rate of the
species, with enzymes that remain active after death, causing
protein hydrolysis [37]. The rate of deterioration is associated
with many factors such as fish species, size and lipid content,
condition at the moment of capture, microbial load, and storage
temperature [38-40]. Enzymatic and chemical reactions are
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usually responsible for the initial loss of freshness, whereas
microbial activity is responsible for the obvious spoilage, thereby
establishing product shelf life and resulting in heavy economic
loss. In living muscle cells, a wide variety of controlled biological
(enzymatic) reactions occurs. In the dead cells, these reactions
continue or take place in a disturbed way, and several other
biochemical and enzymatic reactions are triggered in fish muscle,
resulting in the gradual loss of fish freshness [37,41]. Animals
maintain energy for living through the oxidation of all kinds of
organic compounds in their bodies. Due to the decrease in oxygen
supply to the tissue after fish death, anaerobic metabolism takes
over, resulting in the conversion of glycogen to lactic acid. With
a decrease in ATP content and creatinine phosphate [42,43],
actin and myosin gradually associate to form inextensible
actomyosin (onset of rigor mortis) which leads to stiffening and
rigid condition of muscle tissues. Fish generally exhibit rigor
mortis starting from about 1 to 6 h after death when ATP is
being depleted below a certain critical level in the muscle [44].
The reduced pH due to accumulation of lactic acid and lowering
ATP interact with other biochemical processes occurring after
death, especially myofibrillar proteolysis. Lysosomal cathepsins,
neutral calcium-activated caplains and proteasome are the three
proteolytic systems which should bring about the post mortem
changes resulting in flesh deterioration. Calpains may initiate the
disintegration of the Z line by a titan cleavage [45], which weakens
the titan/a-actinin interaction and results in the release of intact
a-actinin from Z lines [46]. Similarly, cathepsins and proteasomes
have been reported to induce muscle softening [47-49]. Rigor
mortis disappears in a short time even under the most favourable
storage conditions. Immediately thereafter, the decomposition of
the highly complex protein of the fish muscle into simpler protein,
polypeptides and amino acids starts to take place. These changes
are known as autolysis. While autolysis is proceeding, bacterial
decomposition begins, which is the most complex and important
of all the changing processes. Although the flesh of the freshly
caught fish is sterile, the external surfaces carry a considerable
bacterial load. In the gutted fish, the bacteria proceeds from the
kidney, along the cardinal vein, which lies beneath the backbone
in the caudal region of the fish and breaking up the corpuscles
and finally entering the tail flesh. Apart from this, improper
handling also causes the bacterial contamination. A bacterium
thus entered degrades fish constituents, particularly non-protein
nitrogen compounds and induces the development of off-odors
and flavors typically associated with fish spoilage [50]. The rate of
spoilage depends on several factors, the nature of fish species and
the handling and storage conditions etc. [26,51]. These changes
coupled with the chemical activities mainly lipid oxidation, leads
to loss of quality and subsequent spoilage which makes the
fish unfit for human consumption. To minimize these changes
there by spoilage and to maintain the quality of fish products
for prolonged period various preservation methods are being
employed worldwide.

Fish Preservation

The two major problems with respect to marketing and
distribution of seafood’s are their high perish ability and poor
hygienic quality [26]. To overcome these problems various
preservation methods are being practiced. The principle aim
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of fish preservation is to delay, reduce or inhibit the enzymatic,
chemical and microbial spoilage. This is achieved by controlling
the storage temperature, maintaining proper water activity, pH or
by using chemical preservatives [52]. The concept of temperature
control as a means to prolong shelf life is well understood, and
the response of enzymatic, chemical and bacterial activity to
temperature has been widely studied [53-57]. Fish spoilage
depends mostly on temperature, which controls to a large
extent the bacterial and the autolytic breakdowns. Preservation
technique by temperature control is of two ways, either by
lowering or increasing the temperature. Methods involving the
lowering of temperature are chilling and freezing. In chilling,
the temperature of the fish is lowered immediately to reduce the
autolytic and bacterial changes. To slow down the mechanisms
involved in quality loss, the fish should be refrigerated immediately
after capture until consumed [31,58]. In freezing, the products are
cooled below a temperature of -35° C to arrest the enzymatic and
bacterial activities completely to prolong the shelf life [59]. The
freezing and frozen storage of fish have been largely used to retain
their sensory and nutritional properties before consumption [60-
62]. However, protein denaturation, toughening of the texture,
excessive drip loss during thawing and high operating costs
associated with freezing and frozen storage are some of the
disadvantages [63,64]. Canning is another method, in which the
temperature is increased to more than 100°C to inactivate all
the enzymes and bacterial including spores [65-72]. Apart from
these various other methods such as drying and salting, smoking,
irradiation by gamma radiation, addition of chemical preservative
agents, high pressure processing, sous-vide, pulsed electric field
are employed as a means of preserving fish and fish products
and have shown some degrees of effectiveness [73-78]. Each
preservation method possesses some significant disadvantages
like deterioration of fish quality and modification of freshness,
lack of stability, and excessive cost [5]. However global demand
for fresh mildly preserved, convenient with better keeping quality
fishery products is increasing. This can be achieved by chilled
storage of fish.

Chilling of fish

Shelf life extension of fish is of importance to allow the
transport of products to distant markets at lower cost. Chilling
has proven to effectively delay bacterial growth and prolong the
shelf life of fish [79,80]. Various types of chilling systems have
been used for seafood products including the conventional flake
ice [25], refrigerated seawater [81], ozonised refrigerated water
[82,83], slurry ice [84-87] and dry ice (solid carbon dioxide)
[88]. Although chilling is very effective in delaying the spoilage
it will not inhibit the spoilage completely as the enzymes and
bacteria will be active at the chilled temperature. During chilled
storage of fish, significant deterioration of sensory quality and
loss of nutritional value have been detected as a result of changes
in chemical constituents, that lead to a strong effect on the
commercial value [5,25,51]. The storage life of chilled fish in flake
ice, slurry ice, ozone-slurry ice of fish products are limited to 2-18
days depending on the species [89-97]. With the aim of reducing
loss in freshness and improving the keeping quality of fish,
chilling in combination with chemical preservative treatments,
or innovative packaging techniques like modified atmosphere
packaging, vacuum packaging and very recently active packaging
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techniques are employed.
Chemical treatments

The flesh of the freshly caught fish is regarded as sterile and
their surfaces will carry contaminants, which are easily transferred
to the flesh. The fresh and minimally processed fish products
provide a good substrate for microbial growth. Such substrate
may allow proliferation of human pathogenic organisms. Ensuring
the safety of food products depends on minimizing the initial
contamination with pathogenic microorganisms and inhibiting
their development during handling and storage. Washing is one of
the first processing operations to which a fish and shellfishes are
subjected to reduce the contamination. Wash water chlorinated
upto 2 ppm is routinely applied to reduce microbial contamination
in produce processing lines. However, the use of chlorine is of
concern due to the potential formation of harmful by-products
[98] and can only achieve approximately 2 to 3 log reductions of
native microflora [99]. Thus, there is much interest in developing
safer and more effective sanitizers and preservatives. Various
chemicals dip treatment such as Cetylpyridinium chloride [100],
chlorine dioxide [101,102], or potassium sorbate [100], sodium
lactate and lactic acid [103] Sodium and potassium lactates [104-
106], sodium diacetate [107,108], sodium chloride (NaCl) and
sodium nitrite (NaNO,) or potassium nitrate (KNO,) [109,110],
Sodium acetate, citrate and lactate [111,112,113] have been
used in various food systems including fish products. Among
these sodium salts of the low molecular weight organic acids,
such as acetic, lactic and citric, have been used extensively to
control microbial growth, improve sensory attributes and extend
the shelf life of various food systems [114-116]. In addition to
their suppressing effect on the growth of food spoilage bacteria
by reducing the water activity, organic salts of sodium acetate,
lactate and citrate were shown to possess antibacterial activities
against various food-borne pathogens [117-119]. These salts are
widely available, economical and generally recognized-as-safe
(GRAS) by the U.S. Code of Federal Regulations, 21 CFR. Chemical
preservative treatments coupled with the advanced packaging
technologies and refrigerated storage will enhance the storage
life of fish products.

Packaging innovations for fish preservation

Packaging makes food more convenient and gives the food
greater safety assurance from microorganisms, biological and
chemical changes so that the packaged foods may have a longer
shelf life. Due to increased demands for greater stringency in
relation to hygiene and safety issues associated with fresh and
processed fish products, coupled with ever-increasing demands
by retailers for cost-effective extensions to product shelf-lives
and the requirement to meet consumer expectations in relation
to convenience and quality (increased product range, easy use
and minimum product preparation, provision of more product
information and packaging impact on the environment), the food
packaging industry has rapidly developed to meet and satisfy
expectations. Packaging fresh fishery product is carried out to
avoid contamination, delay spoilage, permit some enzymatic
activity to improve tenderness, reduce weight loss, and where
applicable, to ensure an oxymyoglobin or cherry-red colour in
red meats at retail or customer level [120]. As a result, packaging
has become an indispensable element in the food manufacturing
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process. Among the packaging technologies developed by and for
the food industry, vacuum and modified atmosphere packaging
has led the evolution of fresh and minimally processed food
preservation, especially in meat and fishery products for the past
two decades.

Vacuum packaging (VP): It is well established that, the spoilage
of fish is mainly due to the growth and proliferation of aerobic
spoilage bacterial and the oxidation of lipid and pigments
[121,122]. This can be reduced by using the vacuum packaging
technique in which, the air present in the pack is completely
evacuated by applying vacuum. Vacuum packaging is one of
the natural preservation packaging methods which can greatly
enhance the shelf life and overall quality of muscle foods for a
long time [123]. In addition, packaging conditions that reduce
the amount of oxygen present in the package are known to
extend the shelf life of product by inhibiting the growth of aerobic
spoilage bacteria [124]. This technique is particularly useful in
fatty fishes [125], where the development of undesirable odour
due to the oxidation of fat is the major problem. Ozogul F et al.
[126] studied vacuum packaging fillets from sardines (Sardine
pilchardus). Chouliara I et al. [127] reported the beneficial effects
of combining vacuum packaging with irradiation in Sea breams.
However this technique is not suitable for all kinds of products.
By employing this technique, it is not possible to remove the
oxygen entrapped in the food. Moreover, the O, permeability of
the packaging film will alter the package atmosphere. Hence more
efficient technique has to be developed.

Modified atmosphere packaging (MAP): Marketing of
modified atmosphere (MA) packaged foods have increased, as
food manufacturers have attempted to meet consumer demands
for fresh, refrigerated foods with extended shelf-life. It is also
used widely, as a supplement to ice or refrigeration to delay
spoilage and extend the shelf life of fresh fishery products while
maintaining a high-quality end product. A modified atmosphere
can be defined as one that is created by altering the normal
composition of air (78% nitrogen, 21% oxygen, 0.03% carbon
dioxide and traces of noble gases) to provide an optimum
atmosphere for increasing the storage length and quality of food/
produce [128,129]. Oxygen, CO,, and N,, are most often used in
MAP [129,130]. Other gases such as, nitrous and nitric oxides,
sulphur dioxide, ethylene, chlorine [129], as well as ozone and
propylene oxide [130] have been suggested for a variety of
products and investigated experimentally. However, due to safety,
regulatory and cost considerations, they have not been applied
commercially. These gases are combined in three ways for use in
modified atmospheres: inert blanketing using N,, semi-reactive
blanketing using CO,:N, or 0,:CO,:N, or fully reactive blanketing
using CO, or CO,:0,[128,130].

The principle of MAP is the replacement of air in the package
with a different fixed gas mixture. CO, is the most important gas
used in MAP of fish, because of its bacteriostatic and fungistatic
properties [131]. It inhibits growth of many spoilage bacteria and
the inhibition is increased with increased CO,-concentration in
the atmosphere and reduced temperature. CO, is highly soluble in
water and fat, and the solubility increases greatly with decreased
temperature. The solubility in water at 0°C and 1 atmosphere is
3.38g CO,/kg water, however, at 20°C the solubility is reduced to
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1.73g CO,/kg water [132].Therefore, the effectiveness of the gas
is always conditioned by the storage temperature with increased
inhibition of bacterial growth as temperature is decreased [133-
135]. The solubility of CO, leads to dissolved CO, in the food
product [132], according to the following equation:

€O, (g)+H,0(1) & HCO.” + H & Cof’ +2H"

For pH values less than 8, typical of seafood, the concentration
of carbonate ions may be neglected [136].

C0,+H,0 <«—» H,CO, «—»HCO,+H"

According to Henry’s law, the concentration of CO, in the
food is dependent on the water and fat content of the product,
and on the partial pressure of CO, in the atmosphere [137]. The
growth inhibition of microorganisms in MA is determined by the
concentration of dissolved CO, in the product [138,139]. The
preservation effect of MAP is due to the drop in surface pH in MA
products because of the acidic effect of dissolved CO,, but this
could not entirely explain all of CO,’s bacteriostatic effect [140].
The possibility of intracellular accumulation of CO, would upset
the normal physiological equilibrium by slowing down enzymatic
processes [140]. Thus, the effect of CO, on bacterial growth is
complex and four mechanisms of CO, on micro-organisms has
been identified [136,141-143]:

a. Alteration of cell membrane functions including effects on nu-
trient uptake and absorption

b. Direct inhibition of enzymes or decrease in the rate of enzyme
reactions

c. Penetration of bacterial membranes, leading to intracellular
pH changes

d. Direct changes in the physico-chemical properties of proteins.

Probably a combination of all these activities account for
the bacteriostatic effect. A certain amount (depending on the
foodstuff) of CO, has to dissolve into the product to inhibit
bacterial growth [144]. The ratio between the volume of gas
and volume of food product (G/P ratio) should be usually 2:1
or 3:1 (gas:food product). This high G/P ratio is also necessary
to prevent package collapse because of the CO, solubility in wet
foods. The CO, solubility could also alter the food-water holding
capacity and thus increase drip [145].

Nitrogen (N,) is an inert and tasteless gas, and is mostly used
as a filler gas in MAP, because of its low solubility in water and fat
[146,147]. N, is used to replace O, in packages to delay oxidative
rancidity and to inhibit the growth of aerobic microorganisms, as
an alternative to vacuum packaging. The use of oxygen in MAP is
normally set as low as possible to inhibit the growth of aerobic
spoilage bacteria. Its presence is reported to increase oxidative
rancidity [121]. However, for some products oxygen could or
should be used. High levels of oxygen are used in red meat and red
fish meat, to maintain the red colour of the meat, to reduce and
retard browning caused by formation of metmyoglobin [148]. O,
in MA-packages of fresh fish will also inhibit reduction of TMAO
to TMA [149].
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Vacuum packaging and MAP, with high CO, levels (25-100%), temperature [89,135,141,150-157]. A shelf-life extension of 25-
extends the shelf-life of fish products from few days to a week  100% have been reported for fishery products [158-161]. Shelf
or more compared with air storage, depending on species and life of some fishes under air, vacuum and MAP are given in Table 1.

Table 1: Shelf life of fishery products in air, vacuum and modified atmosphere packs.

Atmosphere .
Type of Fish Tz:gra(goz) Sl(l[e)g I:)fe Reference
- CO,:N,: 0, .
4 Air 13
Reddy, Roman, Villanueva,
Catfish fillets 4 75:25:0 38-40 Solomon, Kautter &
Rhodehamel [184]
4 Vacuum 20-24
Air 9 .
Cod (Gadusmorhua) fillets WoyewodaleSl;g]hand Shaw
1 60:40:0 12
. 2 40:60:0 1 Guldager, Bgknees, Osterberg,
Cod (G morhua) fillets Nielsen & Dalgaard [186]
2 40:40:20 13 &
4 Air 20-24
Cod fillets 4 75:25:0 55-60 | Reddy, Solomon & Rhodehamel
[187]
4 Vacuum 24-27
Cod fillets 0 40:30:30 12.5
Cann et al. [158]
0 Vacuum 9
2 100:0:0 10
2 60:40:0 10
Cod (G. morhua) whole 2 40:60:0 9-10 Jensen, Petersen, Rugev &
Jepsen [188]
2 Vacuum 8-9
2 Air ~7
0 Air 12-13 ) . .
Cod (G. morhua) whole/fillets Villemure, [Siglg]rd & Picard
0 25:75:0 20
Cod (G. morhua) fillets 4 100:0:0 40-53 Post, Lee, Solberg et al. [190]
3 100:0:0 49
Cod, blue (Araperciscolias) 3 Vacuum 14 Penny, Belﬁr;ci]Cummmgs
3 Air 14
Haddock (Melanogrammus 0 40:30:30 10 Dhananjaya & Stroud
aeglefinus) whole 0 Air 8 [192]
0 60:20:20 14 Dhananjaya & Stroud
Haddock (M. aeglefinus) fillets
0 Air 10 [192]
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Herring (Clupeaharengus) whole 0 60:40:0 14 Dhananjaya & Stroud
and fillets 0 Air 12 [192]
4 Air 24-27
. . . ) Reddy, Solomon, Yep, Roman &
Salmon fillets 4 75:25:0 55-62 Rhodehamel [193]
4 Vacuum 34-38
-1 Air 9
Snapper (Chrysophrysauratus) fillets -1 40:60:0 9 Scott, Fletcher & Hogg [194]

-1 100:0:0 18

In spite of the various advantages, there are some limitations of
vacuum and modified packaging method. The atmosphere within
avacuum and modified atmosphere pack may alter during storage
due to reactions between components of the atmosphere and the
product and/or due to transmission of gases in or out of the pack
through the packaging film [162]. There is an increased concern
about the growth/survival of micro-aerophilic psychotropic
pathogens [163]. Modified atmosphere packaging usually extends
the neutral taste period of fish rather than the initial fresh quality
period [164]. Too high CO, concentrations in the atmosphere
may have negative impact on drip loss, color, texture, and flavor
in the product. These can be explained by the pH drop caused
by CO, dissolving in the muscle tissue, resulting in a decrease in
the water-holding capacity of the proteins, the denaturation of
muscle and pigment protein, as well as the development of sour
odor and flavor [79,165-167]. Due to the specific requirement of
the consumers, diversity of product characteristics and basic fish
packaging demands and applications, any packaging technologies
that offer to deliver more product and quality control in an
economic manner would be accepted universally. Active packaging
is one such packaging approaches currently exist which has
great potential to substitute vacuum and modified atmosphere
packaging technologies.

Active packaging: Over the past few years, there has been an
increase in the demand for fresh, mildly preserved convenience
foods that have better fresh-like qualities. In addition, changes in
retail and distribution practices such as centralization of activities,
new trends (e.g. internet shopping) and inter- nationalization
of markets, resulting in increased distribution distances and
longer storage times of a set of different products with different
temperature requirements, are putting huge demands on the food
packaging industry. Traditional packaging concepts are limited
in their ability to prolong the shelf-life of food products. This
promoted the industry to develop new and improved methods
for maintaining food quality and extending shelf life. Due to the
complexities involved with fish products many considerations
are involved in choosing an acceptable packaging technology. One
of the areas of research that has shown promise is that of active
packaging (AP). Active packaging is an innovative concept that
can be defined as a type of packaging that changes the condition
of the packaging and maintains these conditions throughout the
storage period to extend shelf-life or to improve safety or sensory

properties while maintaining the quality of packaged food [168-
170].

Active packaging (AP) performs some desired role other than
providing an inert barrier between the product and external
conditions [167,168,171-173], and combines advances in food
technology, bio-technology, packaging and material science, in an
effort to comply with consumer demands for ‘fresh like’ products
[174]. Active packaging technique is either gas-flushing or more
recently gas-scavenging or emitting systems added to emit (e.g., N,,
CO,, ethanol) and/or to remove (e.g,, 0,, CO,, odour,) gases during
packaging or distribution. In case of a gas-scavenging or emitting
system, reactive compounds are either contained in individual
sachets or stickers associated to the packaging material or, more
recently, directly incorporated into the packaging material. Major
active packaging techniques are concerned with substances
that absorb oxygen, ethylene, moisture, carbon dioxide, flavors/
odours and those which release carbon dioxide, antimicrobial
agents, antioxidants and flavors. Examples of currently known
active packaging systems and their applications are given in
Table 2. The most important active packaging concepts for fishery
products include O, scavenging, CO, emitters, moisture regulators,
antimicrobial packaging concepts, antioxidant release, release or
absorption of flavors and odours.

Most widely used active packaging technology in the food
industry is O, scavenger followed by antimicrobial packaging. For
many foods, lipid oxidation is a major quality concern resulting in
a variety of breakdown products which produce undesirable off-
odours and flavors. Hence O, may cause off-flavors (e.g. rancidity
as a result of lipid oxidation), colour changes (e.g. discolouration
of pigments such as carotenoids, oxidation), nutrient losses (e.g.
oxidation of vitamin E, B-carotene, ascorbic acid) and accelerates
microbial spoilage thereby causing significant reduction in the
shelf life. Hence controlling O, assumes greater importance.
Although this can be achieved by vacuum packaging and MAP,
these technologies do not always remove O, completely. Moreover,
the O, that permeates through the packaging film cannot be
removed by these techniques. Use of an O,-scavenger will help in
solving these difficulties. 0, scavengers were first commercialized
by Japan’s Mitsubishi Gas Chemical Company (Ageless®) in 1970.
0, scavengers are able to eliminate oxygen contained in the
packaging headspace and in the product or permeating through
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the packaging material during storage. O, scavengers are widely
used to slow down or to prevent deterioration due to product
components oxidation and/or growth of microorganisms or
survival of insects [175]. O, scavengers are efficient in preventing
discolouration of cured meats and tea, rancidity problems in
high fat foods including fishes, mould spoilage of intermediate
and high moisture bakery products or oxidative flavor changes
in coffee [176-179]. O, scavenging concepts are mainly based on,
iron powder oxidation, ascorbic acid oxidation, photosensitive
dye oxidation, enzymatic oxidation (e.g. glucose oxidase and
alcohol oxidase), unsaturated fatty acids (e.g. oleic or linolenic
acid), rice extract or immobilized yeast on a solid substrate
[180]. The main cause of spoilage of many foods is microbial
growth on the product surface. Antimicrobial packaging, which
are grouped among active packaging, contains small amounts
of natural or synthetic antimicrobial agent. The strategy of
antimicrobial packaging film depends on release of antimicrobial
agent incorporated into a packaging material on to food surface.
Thus, antimicrobial packaging film may delay or even prevent
the growth of microorganisms on the product surface leading to
extension of the shelf life with improved safety. As in MAP foods,
the function of carbon dioxide within a packaging environment
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is to suppress microbial growth to extend the shelf life. CO, has a
prevailing inhibitory effect on bacterial growth. It is particularly
effective against gram-negative, aerobic spoilage bacteria such as
pseudomonas species that causes off-colour and flavors in fish
[130]. The overall effect of CO, is to increase both the lag phase
and the generation time of spoilage microorganisms. Over the
years this has been achieved by modified atmosphere packaging,
in which a package is flushed with a mixture of gases including
carbon dioxide at sufficient levels. However the concentration of
CO, in the MAP foods will vary during storage period which lead
to the development of CO, emitters which can emit continuously
throughout the storage period. Various chemical combinations
like sodium bicarbonate, citric acid, sodium dihydrogen
phosphate, ferrous carbonate etc have been used to develop CO,
emitters [181]. Considerable shelf life advantage was obtained
for Seer fish packed under CO, emitters [181-183]. Shelf life of
fishery products in active packaging systems are given in Table
3. Other active packaging systems that are expected to find
increased attention in the future include colour containing films,
light absorbing or regulating system, susceptors for microwave
heating, gas permeable/breathable films, anti-fogging films and
insect repellant packages.

Table 2: Examples of some currently known active packaging systems and their applications in food systems.

Type of Active Packaging

Substances Used Applications
System pp
Chemical systems (powdered iron oxide, catechol, ferrous Fresh and dry fish, sausages, smoked
carbonate, iron-sulfur, sulfite salt-copper sulfate, photosensitive dye and cured meats, roasted nuts,
0, absorbing oxidation, ascorbic acid oxidation, catalytic conversion of oxygen coffee, cereals, chocolate, cheese,
by platinum catalyst)Enzymatic systems (glucose oxidase-glucose, bread, cakes, pastries, fruit juice,
alcohol oxidase-ethanol vapour) ready to drink tea, beer, wine,
. . . . . . . Roasted coffee, fruit, cheese, poultr
CO, absorbing calcium hydroxide, sodium hydroxide or potassium hydroxide P y
products
s . . . Fresh fish and meat, nuts, potato
CO2 emitting Ascorbic acid, ferrous carbonate, metal halide p

chips

Moisture absorbing

Silica gel, propylene glycol, polyvinyl alcohol, diatomaceous earth

Fish and meat, all dry products,
cheese, bread, biscuits

Ethylene absorbing

Activated charcoal, silica gel-potassium permanganate, kieselgurh,
bentonite, fuller’s earth, silicon dioxide powder, powdered oya
stone, zeolite, 0zone

Fruits and vegetables

Ethanol emitting

Encapsulated ethanol

Fresh and Semi dry Fish, cheese,
high moisture bakery products

Antimicrobial releasing

Sorbates, benzoates, propionates, ethanol, ozone, peroxide, sulfur
dioxide, antibiotics, silver-zeolite, quaternary ammonium salts

Fish, meat, cheese, fruits, bread,
cakes

Antioxidant releasing

BHA, BHT, TBHQ, ascorbic acid, tocopherol

Fish, cereals,

Citation: Mohan CO, Ravishankar CN, Srinivasa Gopal TK (2016) Packaging Interventions in Low Temperature Preservation of Fish- A Review. MO] Food

Process Technolp 2(1): 00026. DOI: 10.15406/mojfpt.2016.02.00026



http://dx.doi.org/10.15406/mojfpt.2016.02.00026

Packaging Interventions in Low Temperature Preservation of Fish- A Review

Copyright:
©2016 Mohan etal. EA&

Flavor absorbing Baking soda, active charcoal Fish, fruit juices

Flavor releasing Many food flavors

Fish, ground coffee, ice cream

Colour containing Various food colours Surimi

Anti-fogging and anti-

sticking Biaxially oriented vinylon, compression rolled oriented HDPE Fresh fruits and vegetable
Light absorbing / . . .
regulating UV blocking agents, hydroxyl benzophenone Milk, pizza
Microwave susceptors Metalized thermoplastics Ready to eat meals
Insect repellant Low toxicity fumigants (pyrethrins, permethrin) Dry fish, cereals

Table 3: Shelf life of fishery products stored under different packaging conditions.

. Storage . Shelf Life
Type of Fish Temp (°C) Packaging Atmosphere (Days) Reference
Air 10
Catfish steaks 0-2 Mohan et al. [90]
0, Scavenger 20
Air 12 Mohan, Ravishankar, Srinivasa
Seer fish steaks 0-2 Gopal and Ashok Kumar [182]
0, Scavenger 20 .
2 Mohan, Ravishankar et al. [179]
12
Air
20
Seer fish steaks 0-2 Control O, Scavenger Mohan, Ravishankar et al. [157]
Sodium acetate treated O, Scavenger
25
Air 5
Indian Oil Sardine 0-2 Mohan, Ravishankar et al. [183]
Edible chitosan coating ~8-10
Acknowledgement . Piclet G (1987) Le poisson aliment. Composition et interet nutrition-

Authors would like to thank Director, ICAR-Central Institute
of Fisheries Technology, Cochin for permitting to publish this.
The support and help rendered by the staffs of Fish Processing
Division of Central Institute of Fisheries Technology, Cochin is
highly acknowledged.

References

1. The State of World Fisheries and Aquaculture: Opportunities and
Challenges (2014). Food and Agriculture Organization of the United
Nations, Canada.

2. Sloan AE (2007) Great ideas from around the world. Food Technology
61(10): 21-33.

3. Ackman RG (1989) Marine biogenic lipids, fats and oils. CRC Press,
USA, pp. 472.

nel. Cahiers de Nutrition et Dietetique XXII: 317-335.

. INA, Smith JP, Simpson BK (1996) Spoilage and shelf life extension of

fresh fish and shellfish. Crit Rev Food Sci Nutr 36(1-2): 87-121.

. Sadiku SOE, Oladimeji AA (1991) Relationship of proximate composi-

tion of Latesniloticus (L), Synodontissynodontis, Schall and Sarothero-
don Galilaeus from Zaria dam, Nigeria. Bioscience Resource Communi-
cation 3(1): 29-40.

. Bang HO, Dyerberg ] (1980) Lipid metabolism in Greenland Eskimos.

Advances in Nutritional Research 31: 1-32.

. Sanchez-Muniz FJ, Viejo JM, Medina R (1991) Consideraciones sobre

el consumo de pescado azul y riesgo cardiovascular con especial refe-
rencia a la composicion en acidos grasos de las familias n-9, n-6, y n-3.
Nutricion Clinica 11: 30-40.

. Simopoulus AP (1998) The Return of w-3 Fatty Acids Into the Food Su-

Citation: Mohan CO, Ravishankar CN, Srinivasa Gopal TK (2016) Packaging Interventions in Low Temperature Preservation of Fish- A Review. MOJ] Food

Process Technolp 2(1): 00026. DOI: 10.15406/mojfpt.2016.02.00026


http://dx.doi.org/10.15406/mojfpt.2016.02.00026
http://www.fao.org/3/a-i3807e.pdf
http://www.fao.org/3/a-i3807e.pdf
http://www.fao.org/3/a-i3807e.pdf
http://agris.fao.org/agris-search/search.do?recordID=US201300879989
http://agris.fao.org/agris-search/search.do?recordID=US201300879989
https://www.crcpress.com/Marine-Biogenic-Lipids-Fats-and-Oils-Volume-II/Ackman/9780849348907
https://www.crcpress.com/Marine-Biogenic-Lipids-Fats-and-Oils-Volume-II/Ackman/9780849348907
http://www.ncbi.nlm.nih.gov/pubmed/8747101
http://www.ncbi.nlm.nih.gov/pubmed/8747101
http://www.fishbase.org/References/FBRefSummary.php?ID=5452
http://www.fishbase.org/References/FBRefSummary.php?ID=5452
http://www.fishbase.org/References/FBRefSummary.php?ID=5452
http://www.fishbase.org/References/FBRefSummary.php?ID=5452
http://link.springer.com/book/10.1007/978-1-4757-4448-4
https://www.karger.com/Book/Home/223411
https://www.karger.com/Book/Home/223411
https://www.karger.com/Book/Home/223411
https://www.karger.com/Book/Home/223411
https://www.karger.com/Book/Home/223411

Packaging Interventions in Low Temperature Preservation of Fish- A Review

pply in Land-Based Animal Foods Products and Their Health Effects.
The Center for Genetics, Nutrition and Health.

10. Shahidi F, Botta JR (1994) Seafoods: Chemistry, processing technology
and quality. Chapman and Hall, UK, pp. 3-9.

11. Clemens R, Pressman P(2007) Food and Alzheimer’s disease. Food Te-
chnology 61(10): 16-22.

12. Frankel EN (1984) Lipid oxidation: mechanism, products, and biolo-
gical significance. Journal of American Oil Chemists Society 61(12):
1908-1916.

13. Hultin HO (1988) Potential lipid oxidation problems in fatty fish. Fatty
Fish Utilization. Upgrading from Proceedings of a National Technical
Conference ‘Feed to Food’ UNCSea grant college program, pp. 185-223.

14. Ingemansson T, Kaufmann P, Petterson A (1992) Lipid deterioration in
frozen stored muscle tissue of rainbow trout (Onchorhynchus mykiss)
in relation to water temperature and carotenoid content. In: Huss HH,
et al. (Eds.), Quality Assurance in the Fish Industry. Elsevier Science
Publications, Netherlands, pp. 29-39.

15. Sant Ana LS, Mancini-Filho] (2000) Influence of the addition of antio-
xidants in-vivo on the fatty acids composition of fish fillets. Food Che-
mistry 68(2): 175-178.

16. Giani E, Masi [, GalliC (1985) Heated fat, vitamin E and vascular eicosa-
noids. Lipids 20(7): 439-448.

17.Tanaka M, Xueyi Z, Nagashia Y, Taguchi T (1991) Effect of high pres-
sure on the lipid oxidation in sardine meat. Nippon Suasan Gakkaishi
57(5): 957-963.

18. Auborg S, Gallardo JM, Medina I (1997) Changes in lipids during dif-
ferent sterilizing conditions in canning albacore (Thunnus alalunga)
in oil. International Journal of Food Science & Technology 32(5): 427-
431.

19.Yang CM, Grey AA, Archer MC, Bruce WR (1998) Rapid quantification
of thermal oxidation products in fats and oils by IHNMR spectroscopy.
Nutr Cancer 30(1): 64-68.

20. Kingston ER, Monahan FJ, Buckley D], Lynch PB (1998) Lipid oxidation
in cooked pork as affected by vitamin E, cooking and storage condi-
tions. Journal of Food Science 63(3): 386-389.

21. Kubow S (1993) Lipid oxidation products in food and atherogenesis.
Nutr Rev 51(2): 33-40.

22. Penumetcha M, Khan N, Parthasarathy S(2000) Dietary oxidized fatty
acids: an atherogenic risk ? ] Lipid Res 41(9): 1473-1480.

23.Hochgraf E, Mokady S, Cogan U (1997) Dietary oxidized linoleic acid
modifies lipid composition of rat liver microsomes and increases their
fluidity. Journal of Nutrition 127(5): 681-686.

24.Bennour M, El Marrakchi A, Bouchriti N, Hamama A, El Ouadaa M
(1991) Chemical and microbiological assessments of mackerel (Scom-
bers combrus) stored in ice. Journal of Food Protection54(784): 789-
792.

25. Nunes M, Batista [, Morao de Campos R (1992) Physical, chemical and
sensory analysis of sardine (Sardinapil chardus) stored in ice. Journal
of the Science of Food Agriculture 59(1): 37-43.

26. Olafsdottir G, Martinsdottir E, Oehlenschlager ], Dalgaard P, Jensen B et
al. (1997). Methods to evaluate fish freshness in research and industry.
Trends in Food Science & Technology 8(8): 258-265.

27.Schellekens M, (1996) New research issues in sous-vide cooking.
Trends in Food Science & Technology 7(8): 256-262.

Copyright:

©2016 Mohan etal. G

28.Borrensen T (1995) Chemical composition. In: HH Huss (Ed.), Quality
and Quality Changes in Fresh Fish FAO, Denmark, pp. 20-34.

29.Huss HH, Dalgaard P, Gram L (1996) Microbiology of fish and fish
products. In: Luten ]B, et al. (Eds.), Seafood from Producer to Consum-
er, Integrated Approach to Quality. Elsevier, Netharlands, pp. 413-430.

30. Reay GA, Shewan]M (1949) The spoilage of fish and its preservation by
chilling. Advances in Food Research 2: 343-398.

31. Gram L, Huss HH (1996) Microbiological spoilage of fish and fish pro-
ducts. International Journal of Food Microbiology 33(1): 121-137.

32.Reddy GVS, Sirkar LN (1991) Preprocessing ice storage effects on fun-
ctional properties of fish mince protein. Journal of Food Science 56:
965-968.

33. Shenouda SYK (1980) Theories of protein denaturation during frozen
storage of fish. Advances in Food Research 26: 275-281.

34. Herbert RA, Shewan]M (1975) Precursors of volatile sulphides in spo-
iling North Sea cod. Journal of the Science of Food & Agriculture 26(8):
1195-1202.

35. Herbert RA, Shewan JM (1976) Roles played by bacterial and autolytic
enzymes in the production of volatile sulphides in spoiling North Sea
cod. Journal of the Science of Food & Agriculture 27(1): 49-54.

36. Hebard CE, Flick G ], Martin RE (1982) Occurrence and significance of
trimethylamine oxide and its derivates in fish and shellfish. In: Martin
RE, et al. (Eds.), Chemistry and Biochemistry of Marine Food Product.
AVI Publishing, USA, pp. 149-304.

37.Sikorski ZE, Kolakowska A, Burt JR (1990) Post-harvest biochemical
and microbial changes. In: ZE Sidorski (Ed.), Seafood: Resources, nu-
tritional composition and preservation. CRC Press, Boca Raton Fla,
USA, pp: 53-75.

38. Lavety ], Afolabi OA, Love RM (1988) The connective tissue of fish.
IX Gaping in farmed species. International Journal of Food Science &
Technology 23(1): 23-30.

39. Robb DHE, Kestin SC, Wariss PD (2000) Muscle activity at slaughter:
I Changes in flesh colour and gaping in rainbow trout. Aquaculture
182(3-4): 261-269.

40. Sheehan EM, OConnor TP, Buckley D], Fitz Gerald R (1996) Effect of di-
etary fat intake on the quality of raw and smoked salmon. Irish Journal
of Agriculture & Food Research 35(1): 37-42.

41.Botta JR (1994) Freshness quality of sea foods: A review. In: Shahidi
F, Botta JR (Eds.), Sea foods: Chemistry, Processing Technology and
Quality. London: Blackie Academic and Professional, London, UK, pp.
140-167.

42.Bate-Smith EC, Bendall JR (1947) Rigor mortis and adenosine tri phos-
phate. The Journal of Physiology 106(2): 177-185.

43. Bate-Smith EC, Bendall JR (1949) Factors determining the time course
of rigor mortis ] Physiol 110(1-2): 47-65.

44. Frazer DI, Dingle JR, Hines JA, Nowlan SC, Dyer W] (1967) Nucleotide
degradation monitored by thin layer chromatography and associated
post mortem changes in relaxed cod muscle. Journal of the Fisheries
Research Board of Canada 24(8): 1837-1841.

45. Astier C, Labbe JP, Roustan C, Benyamin Y (1991) Sarcomeric disor-
ganization in post-mortem fish muscles. Comp Biochem Physiol B
100(3): 459-465.

46. Papa, Alvarez C, Verrez-Bagnis V, Fleurence ], Benyamin Y (1996) Post
mortem release of fish white muscle o-actinin as a marker of disorga-
nisation. Journal of the Science of Food & Agriculture 72(1): 63-70.

Citation: Mohan CO, Ravishankar CN, Srinivasa Gopal TK (2016) Packaging Interventions in Low Temperature Preservation of Fish- A Review. MO] Food

Process Technolp 2(1): 00026. DOI: 10.15406/mojfpt.2016.02.00026


http://dx.doi.org/10.15406/mojfpt.2016.02.00026
https://www.karger.com/Book/Home/223411
https://www.karger.com/Book/Home/223411
http://link.springer.com/book/10.1007/978-1-4615-2181-5
http://link.springer.com/book/10.1007/978-1-4615-2181-5
http://agris.fao.org/agris-search/search.do?recordID=US201300879988
http://agris.fao.org/agris-search/search.do?recordID=US201300879988
http://link.springer.com/article/10.1007%2FBF02540830
http://link.springer.com/article/10.1007%2FBF02540830
http://link.springer.com/article/10.1007%2FBF02540830
http://europepmc.org/abstract/AGR/IND93016295
http://europepmc.org/abstract/AGR/IND93016295
http://europepmc.org/abstract/AGR/IND93016295
http://europepmc.org/abstract/AGR/IND93016295
http://europepmc.org/abstract/AGR/IND93016295
http://www.sciencedirect.com/science/article/pii/S0308814699001727
http://www.sciencedirect.com/science/article/pii/S0308814699001727
http://www.sciencedirect.com/science/article/pii/S0308814699001727
http://www.ncbi.nlm.nih.gov/pubmed/3839887
http://www.ncbi.nlm.nih.gov/pubmed/3839887
https://www.jstage.jst.go.jp/article/suisan1932/57/5/57_5_957/_article
https://www.jstage.jst.go.jp/article/suisan1932/57/5/57_5_957/_article
https://www.jstage.jst.go.jp/article/suisan1932/57/5/57_5_957/_article
http://onlinelibrary.wiley.com/doi/10.1046/j.1365-2621.1997.00131.x/abstract
http://onlinelibrary.wiley.com/doi/10.1046/j.1365-2621.1997.00131.x/abstract
http://onlinelibrary.wiley.com/doi/10.1046/j.1365-2621.1997.00131.x/abstract
http://onlinelibrary.wiley.com/doi/10.1046/j.1365-2621.1997.00131.x/abstract
http://www.ncbi.nlm.nih.gov/pubmed/9507515
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1998.tb15748.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1998.tb15748.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1998.tb15748.x/abstract
http://www.ncbi.nlm.nih.gov/pubmed/8455800
http://www.ncbi.nlm.nih.gov/pubmed/10974055
http://www.ncbi.nlm.nih.gov/pubmed/9164986
http://www.ncbi.nlm.nih.gov/pubmed/9164986
http://www.ncbi.nlm.nih.gov/pubmed/9164986
http://www.ingentaconnect.com/content/iafp/jfp/1991/00000054/00000010/art00007?crawler=true
http://www.ingentaconnect.com/content/iafp/jfp/1991/00000054/00000010/art00007?crawler=true
http://www.ingentaconnect.com/content/iafp/jfp/1991/00000054/00000010/art00007?crawler=true
http://www.ingentaconnect.com/content/iafp/jfp/1991/00000054/00000010/art00007?crawler=true
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.2740590106/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.2740590106/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.2740590106/abstract
http://www.sciencedirect.com/science/article/pii/S0924224497010492
http://www.sciencedirect.com/science/article/pii/S0924224497010492
http://www.sciencedirect.com/science/article/pii/S0924224497010492
http://www.sciencedirect.com/science/article/pii/0924224496100273
http://www.sciencedirect.com/science/article/pii/0924224496100273
http://www.fao.org/docrep/v7180e/v7180e00.htm
http://www.fao.org/docrep/v7180e/v7180e00.htm
http://www.sciencedirect.com/science/article/pii/S0065262808600476
http://www.sciencedirect.com/science/article/pii/S0065262808600476
http://www.sciencedirect.com/science/article/pii/0168160596011348
http://www.sciencedirect.com/science/article/pii/0168160596011348
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1991.tb14617.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1991.tb14617.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1991.tb14617.x/abstract
http://www.sciencedirect.com/science/article/pii/S0065262808603201
http://www.sciencedirect.com/science/article/pii/S0065262808603201
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.2740260818/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.2740260818/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.2740260818/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.2740270114/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.2740270114/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.2740270114/abstract
http://www.cabdirect.org/abstracts/19911370107.html;jsessionid=6BA441DAF5FBE35C1D6A0C5F56F0B6D8
http://www.cabdirect.org/abstracts/19911370107.html;jsessionid=6BA441DAF5FBE35C1D6A0C5F56F0B6D8
http://www.cabdirect.org/abstracts/19911370107.html;jsessionid=6BA441DAF5FBE35C1D6A0C5F56F0B6D8
http://www.cabdirect.org/abstracts/19911370107.html;jsessionid=6BA441DAF5FBE35C1D6A0C5F56F0B6D8
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1988.tb00546.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1988.tb00546.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1988.tb00546.x/abstract
http://www.sciencedirect.com/science/article/pii/S0044848699002732
http://www.sciencedirect.com/science/article/pii/S0044848699002732
http://www.sciencedirect.com/science/article/pii/S0044848699002732
http://link.springer.com/chapter/10.1007/978-1-4615-2181-5_9
http://link.springer.com/chapter/10.1007/978-1-4615-2181-5_9
http://link.springer.com/chapter/10.1007/978-1-4615-2181-5_9
http://link.springer.com/chapter/10.1007/978-1-4615-2181-5_9
http://www.ncbi.nlm.nih.gov/pubmed/16991751/
http://www.ncbi.nlm.nih.gov/pubmed/16991751/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1392765/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1392765/
http://www.ncbi.nlm.nih.gov/pubmed/1814674
http://www.ncbi.nlm.nih.gov/pubmed/1814674
http://onlinelibrary.wiley.com/doi/10.1002/%28SICI%291097-0010%28199609%2972:1%3C63::AID-JSFA623%3E3.0.CO;2-B/abstract
http://onlinelibrary.wiley.com/doi/10.1002/%28SICI%291097-0010%28199609%2972:1%3C63::AID-JSFA623%3E3.0.CO;2-B/abstract
http://onlinelibrary.wiley.com/doi/10.1002/%28SICI%291097-0010%28199609%2972:1%3C63::AID-JSFA623%3E3.0.CO;2-B/abstract

Packaging Interventions in Low Temperature Preservation of Fish- A Review

47.Yamashita M, Konagaya S (1991) Hydrolytic action of salmon ca-
thepsin B and L to muscle structural proteins in respect of muscle sof-
tening. Nipppon Suisan Gakkaishi 57(10): 1917-1922.

48. Goll DE, Thompson VF, Taylor RG, Christiansen JA (1992) Role of the
calpain system in muscle growth. Biochimie 74(3): 225-237.

49. Lamare M, Taylor RG, Farout L, Briand Y, Briand M (2002) Changes in
proteasome activity during postmortem aging of bovine muscle. Meat
Science 61(2): 199-204.

50. Ababouch LH, Afilal ME, Benabdeljelil H, Busta FF (1991) Quantitative
changes in bacteria, amino acids and biogenic amines in sardine (Sar-
dinapil chardus) stored at ambient temperature (25 to 28°C) and in
ice. International Journal of Food Science & Technology 26: 297-306.

51. Whittle K, Hardy R, Hobbs G (1990) Chilled fish and fishery products.
In: Gormley T (Ed.), Chilled Foods: The State of the Art New York. Else-
vier Applied Science, New York, USA, pp. 87-116.

52.Gould GW (1989) Mechanisms of action of food preservation proce-
dures. Elsevier Applied Science, London, UK.

53. Olley J, Ratkowsky DA (1973) Temperature function integration and
its importance in the storage and distribution of flesh foods above the
freezing point. Food Technology Australia 25: 66-73.

54. Ratkowsky DA, Olley ], Mc Meekin TA, Ball A (1982) Relationship be-
tween temperature and growth rate of bacterial cultures. ] Bacteriol
149(1): 1-5.

55. Ratkowsky DA, Lowry RK, Mc Meekin TA, Stokes AN, Chandler RE
(1983) Model for bacterial culture growth rate throughout the entire
biokinetic temperature range. ] Bacteriol 154(3): 1222-1226.

56.Bremner HA, Olley ], Vail AMA (1987) Estimating time-temperature
effects by a rapid systematic sensory method. In: DE Kramer, ] Liston
(Eds.), Seafood Quality Determination. Elsevier Science, Amsterdam,
UK, pp. 413-435.

57.McMeekin TA, Olley ], Ross T (1991) Application of predictive microbi-
ology to assure the quality and safety of fish and fish products. In: HH
Huss et al. (Eds.), Developments in Food Science: Quality Assurance in
the Fish Industry. Elsevier, Holland,UK, pp. 459-478.

58. Sumner JL, Gorczyca E, Cohen D, Brady P(1984) Do fish from tropical
waters spoil less rapidly in ice than fish from temperate waters? Food
Technology Australia 36: 328-329.

59. Clucas I], Ward AR (1996) Post-harvest fisheries development: A Guide
to Handling, Preservation, Processing and Quality. Kent, ME44TB: Cha-
tham Maritime. pp. 84-128.

60. Erickson M (1997) Lipid oxidation: Flavor and nutritional quality de-
terioration in frozen foods. In: M Erickson, et al. (Eds.), Quality in Fro-
zen Food. Chapman & Hall, New York, USA, pp. 141-173.

61. Madrid A, Madrid ], Madrid R (1994) Tecnologia del pescado y produc-
tos derivados. Madrid Vicente, SA, Madrid, Ediciones y Mundi-Prensa
Libros, Spain, pp. 45-103.

62. Lakshmisha [P, Ravishankar CN, Ninan G, Mohan CO, Srinivasa Gopal
TK (2008) Effect of freezing time on the quality of Indian mackerel
(Rastrelliger kanagurta) during frozen storage. ] Food Sci 73(7): S345-
353.

63. Careche M, Li-Chan ECY (1997) Structural changes in cod myosin af-
ter modification with formaldehyde or frozen storage. Journal of Food
Science 62(4): 717-723.

64. Chang CC, Regenstein JM (1997) Textural changes and functional pro-
perties of cod mince proteins as affected by kidney tissue and cryopro-

Copyright:

©2016 Mohan etal. WAk

tectants. Journal of Food Science 62(2): 299-304.

65. Ball CO, Olson FCW (1957) Sterilization in Food Technology. McGraw-
-Hill Book Co, New York, USA, pp. 654.

66.Stumbo CR (1973) Thermobacteriology in Food Processing (2"edn).
Academic Press Inc, New York, USA, p. 329.

67.Mohan CO (2004) Thermal Processing of Prawn Kuruma (Penaeusin-
dicus) in Retortable Pouch and Aluminium Can: Dissertation Submit-
ted in Partial Fulfillment of Degree of Master of Fisheries Science (Post
Harvest Technology). Central Institute of Fisheries Education (Dee-
med University), India, pp.125.

68. Mohan CO, Ravishankar CN, Bindu ] Geethalakshmi V, Srinivasa Gopal
TK (2006) Effect of thermal processing on texture and subjective sen-
sory characteristics of Prawn kuruma in retortable pouches and alu-
minium cans. Journal of Food Science 71(6): S496-S500.

69. Mohan CO, Ravishankar CN, Srinivasa Gopal TK, Bindu ] (2008a) Ther-
mal processing of Prawn kuruma in retortable pouches and alumini-
um cans. International Journal of Food Science and Technology 43(2):
200-207.

70.Mohan CO, Remya S, Ravishankar CN, Vijayan PK, Srinivasa Gopal TK
(2014) Effect of filling ingredient on the quality of canned yellowfin
tuna (Thunnus albacares). International Journal of Food Science and
Technology 49(6):1557-1564.

71.Mohan CO, Remya S, Murthy LN, Ravishankar CN, Ashok Kumar K
(2015) Effect of filling medium on histamine content and quality of
canned yellowfin tuna (Thunnus albacares). Food Control 50: 320-327.

72.Biji KB, Shamseer RM, Mohan CO, Ravishankar CN, Mathew S, et al.
(2015) Effect of thermal processing on the biochemical constituents
of green mussel (Pernaviridis) in Tin-free-steel cans. Journal of Food
Science & Technology 52(10): 6804-6809.

73.Ahmed IO, Alur MD, Kamat AS, Bandekar JR, Thomas P (1997) Influen-
ce of processing on the extension of shelf-life of Naglifish (Sillagosiha-
ma) by gamma radiation. Journal of Food Science & Technology 32(4):
325-331.

74.Fu AH, Sebranek ]G, Murano EA (1995) Survival of Listeria monocyto-
genes, Yersinia enterocolitica and Escherichia coli 0157:H7 and quality
changes after irradiation of beef steaks and ground beef. Journal of
Food Science 60(5): 972-977.

75. Shenoy K, Murano EA, Olson DG (1998) Survival of heat shocked Yersi-
nia enterocolitica after irradiation in ground pork. Int ] Food Microbiol
39(1-2): 133-137.

76.1AEA (1970) Preservation of fish by irradiation. International Atomic
Energy Agency, Proceeding of a panel, Vienna, Austria, pp. 75-104.

77.WHO (1994) Safety and nutritional adequecy of irradiated food. World
Health Organization, Switzerland.

78. Kumta US, Savagaon KA, Ghadi SV, Doke NS, Gore MS, et al. (1973) Ra-
diation preservation of sea foods. Review of Research in India. Inter-
national Atomic Energy Agency pp. 402-425.

79.Huss HH (1995) Quality and quality changes in fresh fish. FAO Fishe-
ries technical paper T348. Food & Agriculture Organization of the
United Nations and Danish Int. Development Agency (FAO/DANIDA),
Italy, pp.195.

80. Chang KLB, Chang J], Shiau CY, Pan BS (1998) Biochemical microbio-
logical and sensory changes of sea bass (Lateolabrax japonicus) under
partial freezing and refrigerated storage. ] Agric Food Chem 46(2):
682-686.

Citation: Mohan CO, Ravishankar CN, Srinivasa Gopal TK (2016) Packaging Interventions in Low Temperature Preservation of Fish- A Review. MOJ] Food

Process Technolp 2(1): 00026. DOI: 10.15406/mojfpt.2016.02.00026


http://dx.doi.org/10.15406/mojfpt.2016.02.00026
https://www.jstage.jst.go.jp/article/suisan1932/57/10/57_10_1917/_article
https://www.jstage.jst.go.jp/article/suisan1932/57/10/57_10_1917/_article
https://www.jstage.jst.go.jp/article/suisan1932/57/10/57_10_1917/_article
http://www.ncbi.nlm.nih.gov/pubmed/1610936
http://www.ncbi.nlm.nih.gov/pubmed/1610936
http://www.ncbi.nlm.nih.gov/pubmed/22064010
http://www.ncbi.nlm.nih.gov/pubmed/22064010
http://www.ncbi.nlm.nih.gov/pubmed/22064010
https://books.google.co.in/books/about/Mechanisms_of_action_of_food_preservatio.html?id=05BKAAAAYAAJ&redir_esc=y
https://books.google.co.in/books/about/Mechanisms_of_action_of_food_preservatio.html?id=05BKAAAAYAAJ&redir_esc=y
https://publications.csiro.au/rpr/pub?list=BRO&pid=procite:caf5430a-1acf-4895-a4dc-fcd8b666995d
https://publications.csiro.au/rpr/pub?list=BRO&pid=procite:caf5430a-1acf-4895-a4dc-fcd8b666995d
https://publications.csiro.au/rpr/pub?list=BRO&pid=procite:caf5430a-1acf-4895-a4dc-fcd8b666995d
http://www.ncbi.nlm.nih.gov/pubmed/7054139
http://www.ncbi.nlm.nih.gov/pubmed/7054139
http://www.ncbi.nlm.nih.gov/pubmed/6853443/
http://research.usc.edu.au/vital/access/manager/Repository/usc:9130?queryType=vitalDismax
http://research.usc.edu.au/vital/access/manager/Repository/usc:9130?queryType=vitalDismax
http://research.usc.edu.au/vital/access/manager/Repository/usc:9130?queryType=vitalDismax
http://research.usc.edu.au/vital/access/manager/Repository/usc:9130?queryType=vitalDismax
http://www.ncbi.nlm.nih.gov/pubmed/1622749
http://www.ncbi.nlm.nih.gov/pubmed/1622749
http://www.ncbi.nlm.nih.gov/pubmed/1622749
http://www.ncbi.nlm.nih.gov/pubmed/1622749
http://www.cabdirect.org/abstracts/19961409934.html
http://www.cabdirect.org/abstracts/19961409934.html
http://www.cabdirect.org/abstracts/19961409934.html
http://link.springer.com/chapter/10.1007%2F978-1-4615-5975-7_9
http://link.springer.com/chapter/10.1007%2F978-1-4615-5975-7_9
http://link.springer.com/chapter/10.1007%2F978-1-4615-5975-7_9
http://www.colvetgr.org/wordpress/tecnologia-del-pescado-y-productos-derivados-2/
http://www.colvetgr.org/wordpress/tecnologia-del-pescado-y-productos-derivados-2/
http://www.colvetgr.org/wordpress/tecnologia-del-pescado-y-productos-derivados-2/
http://www.ncbi.nlm.nih.gov/pubmed/18803727
http://www.ncbi.nlm.nih.gov/pubmed/18803727
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1997.tb15443.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1997.tb15443.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1997.tb15443.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1997.tb03989.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1997.tb03989.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1997.tb03989.x/abstract
http://trove.nla.gov.au/work/19492833?selectedversion=NBD1522776
http://trove.nla.gov.au/work/19492833?selectedversion=NBD1522776
https://www.elsevier.com/books/thermobacteriology-in-food-processing/stumbo/978-1-4933-0202-4
https://www.elsevier.com/books/thermobacteriology-in-food-processing/stumbo/978-1-4933-0202-4
http://210.212.228.208/cgi-bin/koha/opac-detail.pl?biblionumber=8597&shelfbrowse_itemnumber=10094
http://210.212.228.208/cgi-bin/koha/opac-detail.pl?biblionumber=8597&shelfbrowse_itemnumber=10094
http://210.212.228.208/cgi-bin/koha/opac-detail.pl?biblionumber=8597&shelfbrowse_itemnumber=10094
http://210.212.228.208/cgi-bin/koha/opac-detail.pl?biblionumber=8597&shelfbrowse_itemnumber=10094
http://210.212.228.208/cgi-bin/koha/opac-detail.pl?biblionumber=8597&shelfbrowse_itemnumber=10094
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2006.01369.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2006.01369.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2006.01369.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2006.01369.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/ijfs.12452/abstract
http://onlinelibrary.wiley.com/doi/10.1111/ijfs.12452/abstract
http://onlinelibrary.wiley.com/doi/10.1111/ijfs.12452/abstract
http://onlinelibrary.wiley.com/doi/10.1111/ijfs.12452/abstract
https://www.infona.pl/resource/bwmeta1.element.elsevier-7d1950e9-c545-30eb-bd8e-c4f7f3b6e411
https://www.infona.pl/resource/bwmeta1.element.elsevier-7d1950e9-c545-30eb-bd8e-c4f7f3b6e411
https://www.infona.pl/resource/bwmeta1.element.elsevier-7d1950e9-c545-30eb-bd8e-c4f7f3b6e411
http://www.ncbi.nlm.nih.gov/pubmed/26396433
http://www.ncbi.nlm.nih.gov/pubmed/26396433
http://www.ncbi.nlm.nih.gov/pubmed/26396433
http://www.ncbi.nlm.nih.gov/pubmed/26396433
http://onlinelibrary.wiley.com/doi/10.1046/j.1365-2621.1997.00409.x/abstract
http://onlinelibrary.wiley.com/doi/10.1046/j.1365-2621.1997.00409.x/abstract
http://onlinelibrary.wiley.com/doi/10.1046/j.1365-2621.1997.00409.x/abstract
http://onlinelibrary.wiley.com/doi/10.1046/j.1365-2621.1997.00409.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1995.tb06273.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1995.tb06273.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1995.tb06273.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1995.tb06273.x/abstract
http://www.ncbi.nlm.nih.gov/pubmed/9562885
http://www.ncbi.nlm.nih.gov/pubmed/9562885
http://www-pub.iaea.org/books/IAEABooks/2169/Preservation-of-Fish-by-Irradiation-Vienna-15-19-Dec-1969
http://www-pub.iaea.org/books/IAEABooks/2169/Preservation-of-Fish-by-Irradiation-Vienna-15-19-Dec-1969
http://apps.who.int/iris/handle/10665/39463
http://apps.who.int/iris/handle/10665/39463
http://agris.fao.org/agris-search/search.do?recordID=US201302220259
http://agris.fao.org/agris-search/search.do?recordID=US201302220259
http://agris.fao.org/agris-search/search.do?recordID=US201302220259
http://www.fao.org/docrep/v7180e/v7180e00.htm
http://www.fao.org/docrep/v7180e/v7180e00.htm
http://www.fao.org/docrep/v7180e/v7180e00.htm
http://www.fao.org/docrep/v7180e/v7180e00.htm
http://www.ncbi.nlm.nih.gov/pubmed/10554299
http://www.ncbi.nlm.nih.gov/pubmed/10554299

Packaging Interventions in Low Temperature Preservation of Fish- A Review

81.Kraus L (1992) Refrigerated sea water treatment of herring and ma-
ckerel for human consumption. In: ] Burt, R Hardy, K Whittle (Eds.),
Pelagic fish: The resource and its exploitation. Fishing News Books,
UK, pp. 342-343.

82. Sugita H, Asai T, Hayashi K, Mitsuya T, Amanuma K, et al. (1992) Appli-
cation of ozone disinfection to remove Enterococcus seriolicida, Pas-
teurellapiscida and Vibrio anguillarum from sea water. Applied Envi-
ronmental Microbiology 58(12): 4072- 4075.

83. Kotters ], Pradur A, Skura B, Rosenthal H, Black EA, et al. (1997) Obser-
vations and experiments on extending shelf life of rockfish (Sebastes
spp.) products with ozone. Journal of Applied Ichthyology 13(1): 1-8.

84. Huidobro A, Mendes R, Nunes ML (2001) Slaughtering of gilthead sea-
bream (Sparusaurata) in liquid ice: Influence on fish quality. European
Food Research Technology 213(4): 267-272.

85. Huidobro A, Lopez-Caballero M, Mendes R (2002) Onboard processing
of deepwater pink shrimp (Parapenaeus longirostris) with liquid ice:
effect on quality. European Food Research Technology 214(6): 469-
475.

86. Losada V, Pioeiro C, Barros-Velasques ], Aubourg SP (2004) Effect of
slurry ice on chemical changes related to quality loss during European
hake (Merluccius merluccius) chilled storage. European Food Research
Technology 219(1): 27-31.

87.Zeng QZ, Thorarinsdottir KA, Olafsdottir G (2005) Quality changes of
shrimp (Pandalus borealis) stored under different cooling conditions.
Journal of Food Science 70(7): S459-466.

88.Jeyasekaran G, Ganesan P, JeyaShakila R, Maheswari K, Sukumar D
(2004) Dry ice as a novel chilling medium along with water ice for
short-term preservation of fish Emperor breams, lethrinus (Lethrinus
miniatus). Innovative Food Science & Emerging Technologies 5(4):
485-493.

89. Stammen K, Gerdes D, Caporaso F (1990) Modified atmosphere packa-
ging of seafood. Critical Reviews in Food Science & Technology 29(5):

301-331.

90. Mohan CO, Ravishankar CN, Srinivasa Gopal TK (2008b) Effect of O,
scavenger on the shelf life of catfish (Pangasiussutchi) steaks during
chilled storage. Journal of the Science of Food and Agriculture 88(3):

442-448.

91.0zogul Y, Ozogul F, Gokbulut C (2006a) Quality assessment of wild
European eel (Anguilla anguilla) stored in ice. Food Chemistry 95(3):
458-465.

92. Pons-Sanchez-Cascado S, Vidal-Carou MC, Nunes ML, Veciana-Nogues
MT (2006) Sensory analysis to assess the freshness of Mediterranean
anchovies (Engraulis encrasicholus) stored in ice. Food Control 17(7):
564-569.

93. Ruiz-Capillas C, Moral A (2005) Sensory and biochemical aspects of
quality of whole big eye tuna (Thunnus obesus) during bulk storage in
controlled atmospheres. Food Chemistry 89: 347-354.

94.0zogul Y, Ozogul F, Kuley E, Ozkutuk A S, Gokbulut C, et al. (2006b)
Biochemical, sensory and microbiological attributes of wild turbot
(Scophthalmus maximus), from the Black Sea, during chilled storage.
Food Chemistry 99(4): 752-758.

95. 0zogul F, Kuley E, Ozogul Y (2007) Sensory, chemical and microbio-
logical quality parameters in sea bream (Sparus aurata) stored in ice
or wrapped in cling film or in aluminium foil at 2 £1°C. International
Journal of Food Science & Technology 42(8): 903-909.

96. Losada V, Pineiro C, Barros-Velazquez ], Aubourg SP (2005) Inhibition
of chemical changes related to freshness loss during storage of horse

Copyright:

©2016 Mohan etal. A&

mackerel (Trachurus trachurus) in slurry ice. Food Chemistry 93: 619-
625.

97.Campos CA, Losada V, Rodriguez O, Aubourg SP, Barros-Velazquez ]
(2006) Evaluation of an ozone-slurry ice combined refrigeration sys-
tem for the storage of farmed turbot (Psetta maxima). Food Chemistry
97(2): 223-230.

98. Richardson SD, Thurston Jr AD, Caughran TV, Collette TW, Patterson
KS, et al. (1998) Chemical by products of chlorine and alternative di-
sinfectants. Food Technology 52: 58-61.

99. Ukuku DO, Sapers GM (2001) Effect of sanitizer treatments on Salmo-
nella stanley attached to the surface of cantaloupe and cell transfer
to fresh-cut tissues during cutting practices. ] Food Prot 64(9): 1286-

1291.

100. Mayer BK, Ward DR (1991) Microbiology of finfish and finfish proces-
sing. In DR Ward, et al. (Eds.), Microbiology of Marine Food Products.

Von Nostrand Reinhold, New York, USA, pp. 3-17.

. Kosak PH, Toledo RT (1981) Effects of microbiological decontami-
nation on the storage stability of fresh fish. Journal of Food Science
46(4):1012-1014.

102. Lin WE Huang TS, Cornell JA, Lin CM, Wei CI (1996) Bactericidal acti-
vity of aqueous chlorine and chlorine dioxide solutions in a fish model

system. Journal of Food Science 61(5): 1030-1034.

103. Nykanen A, Lapvetelainen A, Kallio H, Salminen S (1998) Effects of
Whey, Whey-derived Lactic Acid and Sodium Lactate on the Surface
Microbial Counts of Rainbow Trout Packed in Vacuum Pouches. LWT-

Food Science & Technology 31(4): 361-365.

104. Aran N (2001) The effect of calcium and sodium lactates on growth
from spores of Bacillus cereus and Clostridium perfringens in a ‘sous-
-vide’ beef goulash under temperature abuse. International Journal of

Food Microbiology 63(1-2): 117-123.

105. Miller RK, Acuff GR (1994) Sodium lactate affects pathogens in cooked

beef. Journal of Food Science 59(1): 15-19.

106. Qvist S, Sehested K, Zeuthen P (1994) Growth suppression of Listeria
monocytogenes in a meat product. International Journal of Food Micro-

biology 24(1-2): 283-293.

107. Schlyter JH, Glass KA, Loeffelholz ], Degnan A], Luchansky ]JB (1993)
The effects of diacetate with nitrate, lactate or pediocin on the viability
of Listeria monocytogenes in turkey slurries. International Journal of

Food Microbiology 19(4): 271-281.

108. Shelef LA, Addala L (1994) Inhibition of Listeria monocytogenes and
other bacteria by sodium diacetate. Int ] Food Microbiol 14(2): 103-

115.

109. Pelroy GA, Eklund MW, Paranjpye RN, Suzuki EM, Peterson ME (1982)
Inhibition of Clostridium botulinum types A and E toxin formation by
sodium nitrite and sodium chloride in hot-process (smoked) salmon.

Journal of Food Protection 45: 833-841.

110. Hyytia E, Eerola S, Hielm S, Korkeala H (1997) Sodium nitrite and po-
tassium nitrate in control of nonproteolytic Clostridium botulinum out-
growth and toxigenesis in vacuum packed cold-smoked rainbow trout.

Int ] Food Microbiol 37: 63-72.

111. Sallam KI (2007a) Chemical, sensory and shelf life evaluation of sliced
salmon treated with salts of organic acids. Food Chem 101(2): 592-

600.

112. Sallam KI (2007b) Antimicrobial and antioxidant effects of sodium
acetate and sodium citrate in refrigerated sliced salmon. Food control

18(5): 566-575.

Citation: Mohan CO, Ravishankar CN, Srinivasa Gopal TK (2016) Packaging Interventions in Low Temperature Preservation of Fish- A Review. MO] Food

Process Technolp 2(1): 00026. DOI: 10.15406/mojfpt.2016.02.00026


http://dx.doi.org/10.15406/mojfpt.2016.02.00026
http://link.springer.com/article/10.1007%2FBF00043524
http://link.springer.com/article/10.1007%2FBF00043524
http://link.springer.com/article/10.1007%2FBF00043524
http://link.springer.com/article/10.1007%2FBF00043524
http://www.ncbi.nlm.nih.gov/pubmed/1476447
http://www.ncbi.nlm.nih.gov/pubmed/1476447
http://www.ncbi.nlm.nih.gov/pubmed/1476447
http://www.ncbi.nlm.nih.gov/pubmed/1476447
http://onlinelibrary.wiley.com/doi/10.1111/j.1439-0426.1997.tb00090.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1439-0426.1997.tb00090.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1439-0426.1997.tb00090.x/abstract
http://link.springer.com/article/10.1007%2Fs002170100378
http://link.springer.com/article/10.1007%2Fs002170100378
http://link.springer.com/article/10.1007%2Fs002170100378
http://link.springer.com/article/10.1007/s00217-002-0490-5
http://link.springer.com/article/10.1007/s00217-002-0490-5
http://link.springer.com/article/10.1007/s00217-002-0490-5
http://link.springer.com/article/10.1007/s00217-002-0490-5
http://link.springer.com/article/10.1007%2Fs00217-004-0914-5
http://link.springer.com/article/10.1007%2Fs00217-004-0914-5
http://link.springer.com/article/10.1007%2Fs00217-004-0914-5
http://link.springer.com/article/10.1007%2Fs00217-004-0914-5
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2005.tb11493.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2005.tb11493.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2005.tb11493.x/abstract
http://www.sciencedirect.com/science/article/pii/S146685640400058X
http://www.sciencedirect.com/science/article/pii/S146685640400058X
http://www.sciencedirect.com/science/article/pii/S146685640400058X
http://www.sciencedirect.com/science/article/pii/S146685640400058X
http://www.sciencedirect.com/science/article/pii/S146685640400058X
http://www.ncbi.nlm.nih.gov/pubmed/2124127
http://www.ncbi.nlm.nih.gov/pubmed/2124127
http://www.ncbi.nlm.nih.gov/pubmed/2124127
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.3105/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.3105/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.3105/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.3105/abstract
http://www.sciencedirect.com/science/article/pii/S0308814605001044
http://www.sciencedirect.com/science/article/pii/S0308814605001044
http://www.sciencedirect.com/science/article/pii/S0308814605001044
http://www.sciencedirect.com/science/article/pii/S0956713505000800
http://www.sciencedirect.com/science/article/pii/S0956713505000800
http://www.sciencedirect.com/science/article/pii/S0956713505000800
http://www.sciencedirect.com/science/article/pii/S0956713505000800
http://www.sciencedirect.com/science/article/pii/S0308814604002067
http://www.sciencedirect.com/science/article/pii/S0308814604002067
http://www.sciencedirect.com/science/article/pii/S0308814604002067
http://www.sciencedirect.com/science/article/pii/S0308814605007466
http://www.sciencedirect.com/science/article/pii/S0308814605007466
http://www.sciencedirect.com/science/article/pii/S0308814605007466
http://www.sciencedirect.com/science/article/pii/S0308814605007466
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2006.01305.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2006.01305.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2006.01305.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2006.01305.x/abstract
http://digital.csic.es/bitstream/10261/51560/1/Inhibition_chemical_changes.pdf
http://digital.csic.es/bitstream/10261/51560/1/Inhibition_chemical_changes.pdf
http://digital.csic.es/bitstream/10261/51560/1/Inhibition_chemical_changes.pdf
http://digital.csic.es/bitstream/10261/51560/1/Inhibition_chemical_changes.pdf
http://www.sciencedirect.com/science/article/pii/S0308814605003274
http://www.sciencedirect.com/science/article/pii/S0308814605003274
http://www.sciencedirect.com/science/article/pii/S0308814605003274
http://www.sciencedirect.com/science/article/pii/S0308814605003274
http://www.cdc.gov/safewater/chlorination-byproducts.html
http://www.cdc.gov/safewater/chlorination-byproducts.html
http://www.cdc.gov/safewater/chlorination-byproducts.html
http://www.ncbi.nlm.nih.gov/pubmed/11563501
http://www.ncbi.nlm.nih.gov/pubmed/11563501
http://link.springer.com/chapter/10.1007%2F978-1-4615-3926-1_1
http://link.springer.com/chapter/10.1007%2F978-1-4615-3926-1_1
http://link.springer.com/chapter/10.1007%2F978-1-4615-3926-1_1
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1981.tb02980.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1981.tb02980.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1981.tb02980.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1996.tb10926.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1996.tb10926.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1996.tb10926.x/abstract
http://www.sciencedirect.com/science/article/pii/S0023643898903723
http://www.sciencedirect.com/science/article/pii/S0023643898903723
http://www.sciencedirect.com/science/article/pii/S0023643898903723
http://www.sciencedirect.com/science/article/pii/S0023643898903723
http://www.sciencedirect.com/science/article/pii/S0168160500004128
http://www.sciencedirect.com/science/article/pii/S0168160500004128
http://www.sciencedirect.com/science/article/pii/S0168160500004128
http://www.sciencedirect.com/science/article/pii/S0168160500004128
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1994.tb06886.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1994.tb06886.x/abstract
file:///C:\Users\User\Desktop\MOJFPT-15-RW-129\Int%20J%20Food%20Microbiolhttp:\www.ncbi.nlm.nih.gov\pubmed\7703021
file:///C:\Users\User\Desktop\MOJFPT-15-RW-129\Int%20J%20Food%20Microbiolhttp:\www.ncbi.nlm.nih.gov\pubmed\7703021
file:///C:\Users\User\Desktop\MOJFPT-15-RW-129\Int%20J%20Food%20Microbiolhttp:\www.ncbi.nlm.nih.gov\pubmed\7703021
http://www.ncbi.nlm.nih.gov/pubmed/8257656
http://www.ncbi.nlm.nih.gov/pubmed/8257656
http://www.ncbi.nlm.nih.gov/pubmed/8257656
http://www.ncbi.nlm.nih.gov/pubmed/8257656
http://www.ncbi.nlm.nih.gov/pubmed/8257656
http://www.ncbi.nlm.nih.gov/pubmed/8257656
http://www.ingentaconnect.com/content/iafp/jfp/1982/00000045/00000009/art00012?crawler=true
http://www.ingentaconnect.com/content/iafp/jfp/1982/00000045/00000009/art00012?crawler=true
http://www.ingentaconnect.com/content/iafp/jfp/1982/00000045/00000009/art00012?crawler=true
http://www.ingentaconnect.com/content/iafp/jfp/1982/00000045/00000009/art00012?crawler=true
http://www.ncbi.nlm.nih.gov/pubmed/9237123
http://www.ncbi.nlm.nih.gov/pubmed/17245440
http://www.ncbi.nlm.nih.gov/pubmed/17245440
http://www.ncbi.nlm.nih.gov/pubmed/17471315/
http://www.ncbi.nlm.nih.gov/pubmed/17471315/
http://www.ncbi.nlm.nih.gov/pubmed/17471315/

Packaging Interventions in Low Temperature Preservation of Fish- A Review

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

Manju S, Mohan CO, Mallick AK, Ravishankar CN, Srinivasa Gopal TK
(2008) Influence of vacuum packaging and organic acid treatment on
the chilled shelf life of pearl spot (Etroplus suratensis, Bloch 1970).
Journal of Food Quality 31(3): 347-365.

Maca ]V, Miler RK, Acuff GR (1997) Microbiological, sensory and che-
mical characteristics of vacuum packed ground beef patties treated
with salts of organic acids. Journal of Food Science 62(3): 591-596.

Sallam KI, Samejima K (2004) Microbiological and chemical quality of
ground beef treated with sodium lactate and sodium chloride during
refrigerated storage. Lebenson Wiss Technol 37(8): 865-871.

Zhuang RY, Huang YW, Beuchat LR (1996) Quality changes during re-
frigerated storage of packaged shrimp and catfish fillets treated with
sodium acetate or propyl gallate. Journal of Food Science 61(1): 241-
244.

Lee YL, Cesario T, Owens ], Shanbrom E, Thrupp LD (2002) Antibacte-
rial activity of citrate and acetate. Nutrition 18(7-8): 665-666.

Mbandi E, Shelef LA (2001) Enhanced inhibition of Listeria monocy-
togenes and Salmonella enteritidis in meat by combinations of sodium
lactate and diacetate. Journal Food Protection. 64(5): 640-644.

Mc William L, Stewart CS (2002) Susceptability of Escherichia coli
0157 and non-0157 isolates to lactate. Letters in Applied Microbio-
logy 35: 176-180.

Brody AL (1997) Packaging of Food. In: AL Brody, et al. (Eds.), The
Wiley encyclopedia of packaging. (2" edn), Wiley, New York, USA,
41(6): 381.

Chen HM, Meyers SP, Hardy RW, Biede SL (1984) Color stability of as-
taxanthin pigmented rainbow trout under various packaging condi-
tions. Journal of Food Science 49(5): 1337-1340.

Sikorski ZE, Sun P (1994) Preservation of seafood quality. In: F Shahi-
di, et al. (Eds.), Seafoods: Chemistry, Processing, Technology and Qua-
lity. Blackie Academic & Professional, Glasgow, UK, pp. 168-195.

Sahoo ] and Kumar N (2005) Quality of Vacuum Packaged Muscle
Foods Stored Under Frozen Conditions: A Review. Journal of Food Sci-
ence and Technology 42(3): 209-213.

Mendes R, Goncalvez A (2008) Effect of soluble CO, stabilization and
vacuum packaging in the shelf life of farmed sea bream and sea bass
fillets. Journal of Food Science and Technology 43(9): 1678-1687.

Rajesh R, Ravishankar CN, Srinivasa Gopal TK, Varma PRG (2002) Ef-
fect of vacuum packaging and sodium acetate on the shelf life of seer
fish during iced storage. Packaging Technology & Science 15(5): 241-
245.

0Ozogul F, Polat A, Ozogul Y (2004) The effects of modified atmosphere
packaging and vacuum packaging on chemical, sensory and micro-
biological changes of sardines (Sardinapil chardus). Food Chemistry
85(1): 49-57.

Chouliara I, Savvaidis IN, Panagiotakis N, Kontominas MG (2004) Pre-
servation of salted, vacuum-packaged, refrigerated sea bream (Sparus
aurata) fillets by irradiation: microbiological, chemical and sensory
attributes. Food Microbiology 21(3): 351-359.

Moleyar V, Narasimham P (1989) Modified atmosphere packaging of
vegetables: an appraisal. Crit Rev Food Sci Nutr 31(4): 267-278.

Phillips CA (1996) Review: modified atmosphere packaging and its
effects on the microbiological quality and safety of produce. Interna-
tional Journal of Food Science &Technology 31(6): 463-479.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

Copyright:

©2016 Mohan etal. WAk

Parry RT (1993) Introduction. In: RT Parry (Ed.), Principles and appli-
cations of MAP of foods. Blackie Academic and Professional, New York,
USA, pp. 1-18.

Seideman SC, Durland PR (1984) The utilization of modified gas at-
mosphere packaging from fresh meat: A review. Journal of Food Qua-
lity 6(3): 239-252.

Knoche W (1980) Chemical reactions of CO, in water. In: C Bauer, et al.
(Eds.), Biophysics and Physiology of Carbon Dioxide. Springer-Verlag,
Berlin, Germany, pp. 3-11.

Haines RB (1933) The influence of carbon dioxide on the rate of multi-
plication of certain bacteria, as judged by viable counts. Journal of the
Society of Chemical Industry 52: 13-17.

Gill CO, Tan KH (1980) Effect of carbon dioxide on growth of meat
spoilage bacteria. Appl Environ Microbiol 39(2): 317-319.

Ogrydziak DM, Brown WD (1982) Temperature effects in modified-at-
mosphere storage of sea foods. Food Technology 36: 86-96.Hwang K,
Regenstein ] (1995) Hydrolysis and oxidation of mackerel (Scombers
combrus) mince lipids with NaCl and NaF treatments. Journal of Aqua-
tic Food Product Technology 4(4): 19-30.

Dixon NM, Kell DB (1989) The inhibition of CO, on the growth and me-
tabolism of micro-organisms. Journal of Applied Bacteriology 67(2):
109-136.

Ho, CS Smith, Shanahan JF (1987) Carbon dioxide transfer in bioche-
mical reactors. Advances in Biochemical Engineering 35: 83-125.

Devlieghere F, Debevere ], Van Impe ] (1998a) Effect of dissolved car-
bon dioxide and temperature on the growth of Lactobacillus sake in
modified atmospheres. International Journal of Food Microbiology
41(3): 231-238.

Devlieghere F, Debevere ], Van Impe ] (1998b) Concentration of carbon
dioxide in the water-phase as a parameter to model the effect of a mo-
dified atmosphere on micro-organisms. International Journal of Food
Microbiology 43(1-2): 105-113.

Coyne FP (1933) The effect of carbon dioxide on bacterial growth with
special reference to the preservation of fish. Part II. Journal of the So-
ciety of Chemical Industry 52: 19-24.

Parkin KL, Brown WD (1982) Preservation of seafood with modi-
fied atmospheres. In: RE Martin, GJ Flick, CE Hebard DR Ward (Eds.),
Chemistry and Biochemistry of Marine Food Products. AVI Publishing
Co., Westport, USA, pp. 453-465.

Daniels JA, Krishnamurthi R, Rizvi SSH (1985) A review of effects of
carbon dioxide on microbial growth and food quality. Journal of Food
Protection 48(6): 532-537.

Farber JM (1991) Microbiological aspects of modified atmosphere
packaging technology- a review. Journal of Food Protection 54(1): 58-
70.

Gill CO, Penney N (1988) The effect of the initial gas volume to meat
weight ratio on the storage life of chilled beef packaged under carbon
dioxide. Meat Science 22(1): 53-63.

Davis HK (1998) Fish and shellfish. In: BA Blakistone (Ed.), Principles
and Applications of Modified Atmosphere Packaging of Foods (2"e-
dn), Blackie Academic & Professional, Glasgow, Scotland, pp. 194-239.

Church IJ, Parsons AL (1995) Modified atmosphere packaging tech-
nology: A review. Journal of the Science of Food & Agriculture 67(2):
143-152.

Citation: Mohan CO, Ravishankar CN, Srinivasa Gopal TK (2016) Packaging Interventions in Low Temperature Preservation of Fish- A Review. MOJ] Food
Process Technolp 2(1): 00026. DOI: 10.15406/mojfpt.2016.02.00026


http://dx.doi.org/10.15406/mojfpt.2016.02.00026
http://onlinelibrary.wiley.com/doi/10.1111/j.1745-4557.2008.00204.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1745-4557.2008.00204.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1745-4557.2008.00204.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1745-4557.2008.00204.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1997.tb04438.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1997.tb04438.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1997.tb04438.x/abstract
http://www.ncbi.nlm.nih.gov/pubmed/17330155/
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1996.tb14769.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1996.tb14769.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1996.tb14769.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1996.tb14769.x/abstract
http://www.ncbi.nlm.nih.gov/pubmed/12093451
http://www.ncbi.nlm.nih.gov/pubmed/12093451
http://www.ncbi.nlm.nih.gov/pubmed/11347993
http://www.ncbi.nlm.nih.gov/pubmed/11347993
http://www.ncbi.nlm.nih.gov/pubmed/11347993
http://www.ncbi.nlm.nih.gov/pubmed/12180936
http://www.ncbi.nlm.nih.gov/pubmed/12180936
http://www.ncbi.nlm.nih.gov/pubmed/12180936
http://onlinelibrary.wiley.com/doi/10.1002/food.19970410625/abstract
http://onlinelibrary.wiley.com/doi/10.1002/food.19970410625/abstract
http://onlinelibrary.wiley.com/doi/10.1002/food.19970410625/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1984.tb14985.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1984.tb14985.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1984.tb14985.x/abstract
http://link.springer.com/chapter/10.1007/978-1-4615-2181-5_10
http://link.springer.com/chapter/10.1007/978-1-4615-2181-5_10
http://link.springer.com/chapter/10.1007/978-1-4615-2181-5_10
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2008.01737.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2008.01737.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2008.01737.x/abstract
http://onlinelibrary.wiley.com/doi/10.1002/pts.586/abstract
http://onlinelibrary.wiley.com/doi/10.1002/pts.586/abstract
http://onlinelibrary.wiley.com/doi/10.1002/pts.586/abstract
http://onlinelibrary.wiley.com/doi/10.1002/pts.586/abstract
http://www.sciencedirect.com/science/article/pii/S0308814603003315
http://www.sciencedirect.com/science/article/pii/S0308814603003315
http://www.sciencedirect.com/science/article/pii/S0308814603003315
http://www.sciencedirect.com/science/article/pii/S0308814603003315
http://www.sciencedirect.com/science/article/pii/S0740002003000650
http://www.sciencedirect.com/science/article/pii/S0740002003000650
http://www.sciencedirect.com/science/article/pii/S0740002003000650
http://www.sciencedirect.com/science/article/pii/S0740002003000650
http://www.ncbi.nlm.nih.gov/pubmed/2647417
http://onlinelibrary.wiley.com/doi/10.1046/j.1365-2621.1996.00369.x/abstract
http://onlinelibrary.wiley.com/doi/10.1046/j.1365-2621.1996.00369.x/abstract
http://onlinelibrary.wiley.com/doi/10.1046/j.1365-2621.1996.00369.x/abstract
http://www.springer.com/us/book/9781461358923
http://www.springer.com/us/book/9781461358923
http://www.springer.com/us/book/9781461358923
http://onlinelibrary.wiley.com/doi/10.1111/j.1745-4557.1984.tb00827.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1745-4557.1984.tb00827.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1745-4557.1984.tb00827.x/abstract
http://link.springer.com/chapter/10.1007%2F978-3-642-67572-0_1
http://link.springer.com/chapter/10.1007%2F978-3-642-67572-0_1
http://link.springer.com/chapter/10.1007%2F978-3-642-67572-0_1
http://www.ncbi.nlm.nih.gov/pubmed/16345503/
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1516-89132003000400011
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1516-89132003000400011
http://www.tandfonline.com/doi/abs/10.1300/J030v04n04_03
http://www.tandfonline.com/doi/abs/10.1300/J030v04n04_03
http://www.tandfonline.com/doi/abs/10.1300/J030v04n04_03
http://www.tandfonline.com/doi/abs/10.1300/J030v04n04_03
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2672.1989.tb03387.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2672.1989.tb03387.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2672.1989.tb03387.x/abstract
http://link.springer.com/chapter/10.1007/BFb0004427
http://link.springer.com/chapter/10.1007/BFb0004427
http://www.sciencedirect.com/science/article/pii/S016816059800052X
http://www.sciencedirect.com/science/article/pii/S016816059800052X
http://www.sciencedirect.com/science/article/pii/S016816059800052X
http://www.sciencedirect.com/science/article/pii/S016816059800052X
http://www.sciencedirect.com/science/article/pii/S0168160598001019
http://www.sciencedirect.com/science/article/pii/S0168160598001019
http://www.sciencedirect.com/science/article/pii/S0168160598001019
http://www.sciencedirect.com/science/article/pii/S0168160598001019
http://www.ingentaconnect.com/content/iafp/jfp/1985/00000048/00000006/art00010?crawler=true
http://www.ingentaconnect.com/content/iafp/jfp/1985/00000048/00000006/art00010?crawler=true
http://www.ingentaconnect.com/content/iafp/jfp/1985/00000048/00000006/art00010?crawler=true
http://www.ingentaconnect.com/content/iafp/jfp/1991/00000054/00000001/art00014?crawler=true
http://www.ingentaconnect.com/content/iafp/jfp/1991/00000054/00000001/art00014?crawler=true
http://www.ingentaconnect.com/content/iafp/jfp/1991/00000054/00000001/art00014?crawler=true
http://www.ncbi.nlm.nih.gov/pubmed/22055151
http://www.ncbi.nlm.nih.gov/pubmed/22055151
http://www.ncbi.nlm.nih.gov/pubmed/22055151
http://link.springer.com/chapter/10.1007%2F978-1-4757-6252-5_9
http://link.springer.com/chapter/10.1007%2F978-1-4757-6252-5_9
http://link.springer.com/chapter/10.1007%2F978-1-4757-6252-5_9
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.2740670202/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.2740670202/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.2740670202/abstract

Packaging Interventions in Low Temperature Preservation of Fish- A Review

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

Bell RG, Bourke BJ (1996) Recent developments in packaging of meat
and meat products. In Proceedings of the international developments
in process efficiency and quality in the meat industry. Ireland, pp. 99-
119.

Oka H (1989) Packaging for freshness and the prevention of di colo-
ration of fish fillets. Packaging Technology & Science 2(4): 201-213.

Boskou G, Debevere ] (1997) Reduction of trimethyl amine oxide by
Shewanella spp. under modified atmospheres in vitro. Food Microbio-
logy 14: 543-553.

Brody AL (1989) Modified atmosphere packaging of sea foods. In: AL
Brody (Ed.), Controlled / Modified Atmosphere / Vacuum Packaging of
Foods. Food & Nutrition Press, Trumbull, USA, pp. 59-65.

Pedrosa-Menabrito A, Regenstein JM (1990) Shelf-life extension of
fresh fish- A review. Part II. Preservation of fish. Journal of Food Qua-
lity 13(3): 209-223.

Skura BJ (1991) Modified atmosphere packaging of fish and fish pro-
ducts. In: B Ooraikul, et al. (Eds.), Modified Atmosphere Packaging of
Food. Ellis Horwood, London, UK, pp. 148-168.

Reddy NR, Armstrong D], Rhodehamel E]J, Kautter DA (1991) Shelf-life
extension and safety concerns about fresh fishery products packaged
under modified atmospheres: a review. Journal of Food Safety 12: 87-
118.

Cann DC, Smith GL, Houston NC (1983) Further studies on Marine fish
Stored under Modified Atmosphere Packaging. Ministry of Agricul-
ture, Fisheries and Food, Torry Research Station, Aberdeen, Scotland.

Scott DN, Fletcher GC, Summers G (1984) Modified atmosphere and
vacuum packaging of snapper fillets. Food Technology Australia 36:
330-334.

Barnett HJ, Conrad JW, Nelson RW (1987) Use of laminated high and
low density polyethylene flexible packaging to store trout (Salmogair-
dneri) in a modified atmosphere. Journal of Food Protection 50: 645-
651.

Srinivasa Gopal TK, Ravishankar CN, Mohan CO (2010) Modified At-
mosphere Packaging of Fishery products. In: Haghi AK (Ed.), Recent
Progress in Chemistry and Chemical Engineering Research. Nova Sci-
ence Publishers, New York, USA, pp. 205-221.

Cann DC (1984) Packing Fish in Modified Atmosphere, Torry Adviso-
ry Note No. 88, Ministry of Agriculture, Fisheries and Food, Torry Re-
search Station, Aberdeen, Scotland.

Gopal TKS, Nambiar VN, Bhattacharyya SK, Joseph ], Prabhu PV (1990)
Modified atmosphere storage of fresh water fish fillets (Catlacatla). In
Seminar on Chilling and freezing of new fish products 18 - 20™ Sept,
1990. Institute of Refrigeration, Scotland, pp. 173-177.

Church N (1998) MAP fish and crustaceans- sensory enhancement.
Food Science & Technology Today 12(2): 73-83.

Mohan CO, Ravishankar CN, Srinivasa Gopal TK, Lalitha KV (2010) Ef-
fect of reduced oxygen atmosphere and sodium acetate treatment on
the microbial quality changes of Seer fish (Scomberomorus commer-
son) steaks stored in ice. Food Microbiology 27(4): 526-534.

Stiles ME (1991) Scientific principles of controlled/ modified atmos-
phere packaging. In: B Ooraikul, ME Stiles (Eds), Modified Atmosphere
Packaging of Food. Ellis Horwood, London, UK, pp. 18-25.

Garcia de Fernando GD, Nychas GJE, Peck MW, Ordonez JA (1995)
Growth/survival of psychrotrophic pathogens on meat packaged un-
der modified atmospheres. International Journal of Food Microbiology

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

Copyright:

©2016 Mohan etal. Wik

28(2): 221-232.

Shewan JM, Macintosh RG, Tucker CG, Ehrenberg ASC (1953) The de-
velopment of a numerical scoring system for the sensory assessment
of the spoilage of wet white fish stored in ice. Journal of the Science of
Food & Agriculture 4(6): 283-298.

Randell K, Hattula T, Ahvenainen R (1997) Effect of packaging method
on the quality of rainbow trout and Baltic herring fillets. LWT- Food
Science & Technology 30(1): 56-61.

Masniyom P, Benjakul S, Visessanguan W (2002) Shelf-life extension
of refrigerated sea bass slices under modified atmosphere packaging.
Journal of the Science of Food & Agriculture 82(8): 873-880.

Poli BM, Messini A, Parisi G, Scappini F, Vigiani V, et al. (2006) Sensory,
physical, chemical and microbiological changes in European sea bass
(Dicentrarchus labrax) fillets packed under modified atmosphere/
air or prepared from whole fish stored in ice. International Journal of
Food Science & Technology 41(4): 444-454.

Vermeiren L, Devlieghere F, Van Beest M, De Kruijf N, Debevere ]
(1999) Developments in the active packaging of foods.Trends in Food
Science & Technology 10(3): 77-86.

Rooney ML (1992) Reactive packaging materials for food preserva-
tion. In Proceedings of the First Japan-Australia workshop on Food
Processing, Tsukuba, Japan, pp. 78-82.

Ahvenainen R (2003) Active and intelligent packaging: An introduc-
tion. In: R Ahvenainen (Ed.), Novel food packaging techniques. Wood-
head Publishing Ltd, UK, pp. 5-21.

Hotchkiss JH (1995) Recent research in MAP and active packaging
systems. In Abstracts, 27" Annual Convention. Australian Institute of
Food Science and Technology, Australia, pp. 104.

Ravishankar CN, Mohan CO, Sreenath PG, Srinivasa Gopal TK (2009)
Principles and Applications of Active and intelligent packaging Sys-
tems in Food: a review. In: NF McManus, et al. (Eds.), Fisheries: Man-
agement, Economics and Perspectives. NOVA Publishers, New York,
USA, pp. 271-293.

Mohan CO (2009) Active and Intelligent packaging for fishery prod-
ucts. In: ] Joseph, et al. (Eds.), Post Harvest Technology of Freshwater
Fish. Central Institute of Fisheries Technology, India, pp. 295-312.

Miltz ], Passy N, Mannheim CH (1997) Trends and applications of ac-
tive packaging systems. In: Ackerman P, et al. (Eds.), Foods and Pack-
aging Materials: Chemical Interactions. Milton Road, Royal Society of
Chemistry, Cambridge, USA, pp. 201-210.

Brody AL, Strupinsky ER, Kline LR (2001) Active Packaging for Food
Applications. Pennsylvania: Technomic Publishing Company, USA, pp.
236.

Berenzon S, Saguy IS (1998) Oxygen absorbers for extension of crack-
ers shelf-life. LWT-Food Science & Technology 31(1): 1-5.

Gill CO, McGinnis JC (1995) The use of oxygen scavengers to prevent
the transient discoloration of ground-beef packaged under controlled,
oxygen-depleted atmospheres. Meat Sci 41(1): 19-27.

Smith JP, Hoshino ], Abe Y (1995) Interactive packaging involving sa-
chet technology. In: ML Rooney (Ed.), Active food packaging. Blackie
Academic and Professional, London, UK, pp. 143-173.

Mohan CO, Ravishankar CN, Srinivasa Gopal TK, Ashok Kumar K, La-
litha KV (2009b) Biogenic amines formation in Seer fish (Scombero-
morus commerson) steaks packed with 0,-scavenger during chilled
storage. Food Research International 42(3): 411-416.

Citation: Mohan CO, Ravishankar CN, Srinivasa Gopal TK (2016) Packaging Interventions in Low Temperature Preservation of Fish- A Review. MO] Food
Process Technolp 2(1): 00026. DOI: 10.15406/mojfpt.2016.02.00026


http://dx.doi.org/10.15406/mojfpt.2016.02.00026
http://www.potravinarstvo.com/journal1/index.php/potravinarstvo/article/viewArticle/205
http://www.potravinarstvo.com/journal1/index.php/potravinarstvo/article/viewArticle/205
http://www.potravinarstvo.com/journal1/index.php/potravinarstvo/article/viewArticle/205
http://www.potravinarstvo.com/journal1/index.php/potravinarstvo/article/viewArticle/205
http://onlinelibrary.wiley.com/doi/10.1002/pts.2770020405/abstract
http://onlinelibrary.wiley.com/doi/10.1002/pts.2770020405/abstract
http://agris.fao.org/agris-search/search.do?recordID=US201302885072
http://agris.fao.org/agris-search/search.do?recordID=US201302885072
http://agris.fao.org/agris-search/search.do?recordID=US201302885072
http://www.unido.org/fileadmin/import/32124_23MODIFIEDATMOSPACKAGING.5.pdf
http://www.unido.org/fileadmin/import/32124_23MODIFIEDATMOSPACKAGING.5.pdf
http://www.unido.org/fileadmin/import/32124_23MODIFIEDATMOSPACKAGING.5.pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1745-4557.1990.tb00018.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1745-4557.1990.tb00018.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1745-4557.1990.tb00018.x/abstract
http://link.springer.com/chapter/10.1007%2F978-1-4615-2117-4_6
http://link.springer.com/chapter/10.1007%2F978-1-4615-2117-4_6
http://link.springer.com/chapter/10.1007%2F978-1-4615-2117-4_6
http://onlinelibrary.wiley.com/doi/10.1111/j.1745-4565.1991.tb00069.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1745-4565.1991.tb00069.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1745-4565.1991.tb00069.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1745-4565.1991.tb00069.x/abstract
http://www.ingentaconnect.com/content/iafp/jfp/1987/00000050/00000008/art00004
http://www.ingentaconnect.com/content/iafp/jfp/1987/00000050/00000008/art00004
http://www.ingentaconnect.com/content/iafp/jfp/1987/00000050/00000008/art00004
http://www.ingentaconnect.com/content/iafp/jfp/1987/00000050/00000008/art00004
http://www.fao.org/wairdocs/tan/x5956e/x5956e01.htm
http://www.fao.org/wairdocs/tan/x5956e/x5956e01.htm
http://www.fao.org/wairdocs/tan/x5956e/x5956e01.htm
http://agris.fao.org/agris-search/search.do?recordID=FR9103190
http://agris.fao.org/agris-search/search.do?recordID=FR9103190
http://agris.fao.org/agris-search/search.do?recordID=FR9103190
http://agris.fao.org/agris-search/search.do?recordID=FR9103190
http://www.ncbi.nlm.nih.gov/pubmed/20417403
http://www.ncbi.nlm.nih.gov/pubmed/20417403
http://www.ncbi.nlm.nih.gov/pubmed/20417403
http://www.ncbi.nlm.nih.gov/pubmed/20417403
http://link.springer.com/chapter/10.1007/978-1-4615-2117-4_2
http://link.springer.com/chapter/10.1007/978-1-4615-2117-4_2
http://link.springer.com/chapter/10.1007/978-1-4615-2117-4_2
http://www.ncbi.nlm.nih.gov/pubmed/8750668
http://www.ncbi.nlm.nih.gov/pubmed/8750668
http://www.ncbi.nlm.nih.gov/pubmed/8750668
http://www.ncbi.nlm.nih.gov/pubmed/8750668
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.2740040607/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.2740040607/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.2740040607/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.2740040607/abstract
http://www.sciencedirect.com/science/article/pii/S0023643896901310
http://www.sciencedirect.com/science/article/pii/S0023643896901310
http://www.sciencedirect.com/science/article/pii/S0023643896901310
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.1108/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.1108/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.1108/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2005.01094.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2005.01094.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2005.01094.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2005.01094.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2005.01094.x/abstract
http://www.sciencedirect.com/science/article/pii/S0924224499000321
http://www.sciencedirect.com/science/article/pii/S0924224499000321
http://www.sciencedirect.com/science/article/pii/S0924224499000321
http://www.vliz.be/en/imis?module=ref&refid=138943&printversion=1&dropIMIStitle=1
http://www.vliz.be/en/imis?module=ref&refid=138943&printversion=1&dropIMIStitle=1
http://www.vliz.be/en/imis?module=ref&refid=138943&printversion=1&dropIMIStitle=1
http://www.vliz.be/en/imis?module=ref&refid=138943&printversion=1&dropIMIStitle=1
http://www.vliz.be/en/imis?module=ref&refid=138943&printversion=1&dropIMIStitle=1
http://epubs.icar.org.in/ejournal/index.php/FT/article/view/7216
http://epubs.icar.org.in/ejournal/index.php/FT/article/view/7216
http://epubs.icar.org.in/ejournal/index.php/FT/article/view/7216
http://pkt.jinakarn.com/apfa.pdf
http://pkt.jinakarn.com/apfa.pdf
http://pkt.jinakarn.com/apfa.pdf
http://www.sciencedirect.com/science/article/pii/S0023643897902863
http://www.sciencedirect.com/science/article/pii/S0023643897902863
http://www.ncbi.nlm.nih.gov/pubmed/22060109
http://link.springer.com/chapter/10.1007%2F978-1-4615-2175-4_6
http://link.springer.com/chapter/10.1007%2F978-1-4615-2175-4_6
http://link.springer.com/chapter/10.1007%2F978-1-4615-2175-4_6
http://www.sciencedirect.com/science/article/pii/S0963996909000209
http://www.sciencedirect.com/science/article/pii/S0963996909000209
http://www.sciencedirect.com/science/article/pii/S0963996909000209
http://www.sciencedirect.com/science/article/pii/S0963996909000209

Packaging Interventions in Low Temperature Preservation of Fish- A Review

180.

181.

182.

183.

184.

185.

186.

187.

Floros JD, Dock LL, Han JH (1997) Active packaging technologies and
applications. Food Cosmetics & Drug Packaging 20: 10-17.

Mohan CO (2008) Shelf Life Extension of Seer Fsh (Scomberomorus
Commerson) Steaks Using O, Scavenger and CO, Emitters in Chilled
Condition. Fish and Fishery Science (Post Harvest Technology). Cen-
tral Institute of Fisheries Education (Deemed University), India, pp.
248.

Mohan CO, Ravishankar CN, Srinivasa Gopal TK, Ashok Kumar K
(2009a) Nucleotide breakdown products of seer fish (Scomberomo-
rus commerson) steaks stored in O, scavenger packs during chilled
storage. Innovative Food Science and Emerging Technologies 10(2):
272-278.

Mohan CO, Ravishankar CN, Srinivasa Gopal TK, Lalitha KV (2012) Ef-
fect of chitosan edible coating on the quality of double filleted Indian
oil sardine (Sardinella longiceps) during chilled storage. Food Hydro-
colloids 26(1): 167-174.

Reddy NR, Roman MG, Villanueva M, Solomon HM, Kautter DA, et al.
(1997a) Shelf life and C. botulinum toxin development during storage
of modified atmosphere- packaged fresh catfish fillets. Journal of Food
Science 62: 878-884.

Woyewoda AD, Bligh EG, Shaw S] (1984) Controlled and modified at-
mosphere storage of cod fillets. Canadian Institute of Food Science &
Technology Journal 17: 24-34.

Guldager HS, Boknaes N, @Osterberg C, Nielsen ], Dalgaard P (1998)
Thawed cod fillets spoil less rapidly than unfrozen fillets when stored
under modified atmosphere at 2°C. ] Food Prot 61(9): 1129-1136.

Reddy NR, Solomon HM, Rhodehamel EJ (1999) Comparison of mar-
gin of safety between sensory spoilage and onset of Clostridium bo-

188.

189.

190.

191.

192.

193.

194.

Copyright:

©2016 Mohan etal. ik

tulinum toxin development during storage of modified atmosphere
(MA)-packaged fresh marine cod fillets with MA-packaged aquacultu-
red fish fillets. Journal of Food Safety 19: 171-183.

Jensen MH, Petersen A, Ruge EH, Jepsen A (1980) Storage of chilled
cod under vacuum and at various concentrations of carbon dioxide.
In: J] Connell (Ed.), Advances in Fish Science and Technology. Fishing
News Books, Surrey, UK, pp. 294-297.

Villemure G, Simard RE, Picard G (1986) Bulk storage of cod fillets and
gutted cod (Gadus morlma) under carbondioxide atmosphere. Journal
of Food Science 51: 317-320.

Post LS, Lee DA, Solberg M, Furgang D, Specchio J, et al. (1985) Devel-
opment of botulinal toxin and sensory deterioration during storage
of vacuum and modified atmosphere packaged fish fillets. Journal of
Food Science 50: 990-996.

Penny N, Bell RG, Cummings TL (1994) Extension of the chilled storage
life of smoked blue cod (Parapercis colias) by carbon dioxide packag-
ing. International Journal of Food Science & Technology 29: 167-178.

Dhananjaya S, Stroud GD (1994) Chemical and sensory changes in
haddock and herring stored under modified atmosphere. Internation-
al Journal of Food Science & Technology 29: 575-583.

Reddy NR, Solomon HM, Yep H, Roman MG, Rhodehamel EJ (1997b)
Shelf-life and toxin development by Clostridium botulinum during
storage of modified-atmosphere-packaged fresh aquacultured salmon
fillets. Journal of Food Protection 60: 1055-1063.

Scott DN, Fletcher GC, Hogg MG (1986) Storage of snapper fillets in
modified atmospheres at -1°C. Food Technology Australia 38(6): 234-
238.

Citation: Mohan CO, Ravishankar CN, Srinivasa Gopal TK (2016) Packaging Interventions in Low Temperature Preservation of Fish- A Review. MOJ] Food
Process Technolp 2(1): 00026. DOI: 10.15406/mojfpt.2016.02.00026


http://dx.doi.org/10.15406/mojfpt.2016.02.00026
http://210.212.228.208/cgi-bin/koha/opac-detail.pl?biblionumber=9478&shelfbrowse_itemnumber=11151
http://210.212.228.208/cgi-bin/koha/opac-detail.pl?biblionumber=9478&shelfbrowse_itemnumber=11151
http://210.212.228.208/cgi-bin/koha/opac-detail.pl?biblionumber=9478&shelfbrowse_itemnumber=11151
http://210.212.228.208/cgi-bin/koha/opac-detail.pl?biblionumber=9478&shelfbrowse_itemnumber=11151
http://210.212.228.208/cgi-bin/koha/opac-detail.pl?biblionumber=9478&shelfbrowse_itemnumber=11151
http://www.sciencedirect.com/science/article/pii/S1466856408001112?np=y
http://www.sciencedirect.com/science/article/pii/S1466856408001112?np=y
http://www.sciencedirect.com/science/article/pii/S1466856408001112?np=y
http://www.sciencedirect.com/science/article/pii/S1466856408001112?np=y
http://www.sciencedirect.com/science/article/pii/S1466856408001112?np=y
http://www.sciencedirect.com/science/article/pii/S0268005X11001603
http://www.sciencedirect.com/science/article/pii/S0268005X11001603
http://www.sciencedirect.com/science/article/pii/S0268005X11001603
http://www.sciencedirect.com/science/article/pii/S0268005X11001603
http://www.ncbi.nlm.nih.gov/pubmed/9766063
http://www.ncbi.nlm.nih.gov/pubmed/9766063
http://www.ncbi.nlm.nih.gov/pubmed/9766063

	Title
	Abstract
	Keywords
	Abbreviations
	Highlights
	Introduction
	Nutritive benefits of fish 

	Spoilage of Fish 
	Fish Preservation 
	Chilling of fish 
	Chemical treatments
	Packaging innovations for fish preservation 

	Acknowledgement 
	References 
	Table 1
	Table 2
	Table 3

