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ABSTRACT

FORMULATION, SHELF·LD'E AND SAFETY STUDIES ON VALUE-ADDED

TROUT PRODUCTS PACKAGED VNDER MODIFIED ATMOSPHERES

Value-added trout burgers and trout wontons were prepared ftom minced trout

trimmings, oats, dried onion flakes, white pepper, cayenne pepper, garlic powder, soy sauce,

spice mixand eggs. The trout burgers were C08ted withcrushedcornflakes and then partially

caoked (2 min at 140°C) or fuIly cooked (5 min at 140°C) in hot ail. Similar fillings were

used ta prepare trout wontons by wrapping the mixture with Chinese wonton dough and 2

products were made: raw wonton (uncooked) and frie<! wonton (fried for 8 min at 140°C).

Storage trials were performed on rawand fried trout wontons (3w 0.98-0.95, pH 6.5),

and partiallyand fully cooked traut burgers (aw 0.97-0.96, pH 6.4). Products were packaged

in air and under various modified atmospheres (MAP), and stored at 4 and 12°C. A

microbiological shelf-life of>28 days was possible for the fully cooked traut burgers and

fried wontoDS stored at 4°C. In general, the microbiological shelf·life preceded the seosory

shelf-life.

Subsequent challenge studies were done to address the safety concems associated

with MAP food.. AlI products were inoculated with 1(f CFU/g ofListeria monocytogenes

and 1er spores/g of Clostridium bolu/inum type E spores. Gas packaging with 8001'0 CO;!

(balance NJ inhibited the growth ofL. monocylogenes in produets stored at 4°C. However~

countsofL monocylogenes increased inall otherpackagingconditioDS.. Inchallengestudies

with C. botulinum type E~ toxin was not detected in any produets ailer 28-60 days•
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RÉsUMÉ

ÉTUDES DE FORMULATION, DE CONSERVATION ET D'INNOCUITÉ

ALIMENTAIRE DE PRODUITS DE TRUITE DE VALEUR AJoUTÉE

Des burgers et des wontoDS de truite ont été préparés à partir d'émincés de truite, de

flocons d'avoine, de flocons d'oignons séchés, de poivre blanc, de poivre de Cayenne, de

poudre d'ail, de sauce soja, de mélanges d'épices et d'oeufs. Les burgers de truite, enrobés

de flocons de mais écrasés, ont été partiellementcuits (2 minutes à 1400C) oucomplètement

cuits (5 minutes à 140°C) dans l'huile. Une farce similaire a été utilisée pour la préparation

des wontons de truite. Ces derniers ont été réalisés en enrobant le mélange de poisson avec

de la pâte chinoise à wontoDS. Deux produits ont été faits, soit des wontons crus (non-cuits)

et des wontons frits (frits pendant 8 minutes à 140°C).

Des études de conservation ont été réalisées sur les wontoDS cros et frits (aw 0.98­

0.95, pH 6.S) et sur les burgers partiellement et complètement cuits (aw 0.97-0.96, pH 6.4).

Les produits, emballés sous air et sous différentes atmosphères modifiées, ont été gardés à

4 et 12°C. Une durée de vie microbiologique supérieure à 28 jours a été possible pour les

burgers complètement cuits et les wontons frits gardés à 4°C. En général, la durée de vie

microbiologique était plus courte que la durée de vie sensorielle.

Subséquemment, des études de cas ont été menées afin d'adresser l'inquiétude sur

la sécurité alimentaire concernant les produits emballés sous atmosphères modifiées. Pour

se faire, tous les produits ont été inoculés avec1(f UFC/g de Listeriamonocytogenes et 1(f

sporeslg de Clostridium botulinum de type E. La croissance de la L monocytogenes a été

inhibée parunemballagede 80010 CO! (balanceNJ lorsque les produits étaient gardés à 4°C.

Parcontre, les comptes de L monocytogenes ontaugmenté daDs toutes les autres conditions

d'emballage. Aucune toxine botulinique n'a été détectée après 28-60 jours, dans aucun

produit, lors d'études de cas menées avec le C. botulinum de type E.
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CHAPTERl:

INTRODUCTION AND LITERATURE REVIEW

1.1. Introduction

Canada harvests about 1.6 million tons of fish annually. At dockside, the landed

value ofthe harvest is -51.5 billion annually, excluding aquaculture production. The 5sh

harvestingand processingsectors inCanadaemploy more than 140,000 peopleofwhich55%

work in fish processing plants (Blewett and MacDonal~ 1998). The seafood processing

industry is therefore an extremely important component ofthe Canadian food industry.

The past decade bas been a time ofchange in the fishing industry. During this perio~

governments ofmany nationsextended theirjurisdictionover fishing territories. Atthe same

tîme. it became apparent that the resources ofthe ocean were limited. It is estimated, that

currenùy, about 60% ofthe available resources are harvested (Regenste~ 1986). There are

several major problems facing the growth of the seafood processing industry, including

environmental concems about dumping offish wastes and dwindling offish stocks. Thus,

iffood production trom the sea is to he increas~ the resources already harvested should he

used better, including underotilized fish. [t is necessary ta investigate the use of

underutilized fish species, which are both cheaper and in greater abundance, as weIl as the

use of6shand shellfish processing wastes. Fish and shellfish flesh isoften used inefficiently

with as much as 50% being discarded as waste each year. These waste produets could he

incorporated into battered and breaded produets to create value-added seafood produets

resulting in increased profits (Roessink, 1989).

Anotherproblem fseing the seafoodprocessing industry is the method ofstorageand

distribution ofproduëts. Fish and shelIfish tleshare subject to rapid deterioration inquality.

To date, freezing is the main method oflong tenn storage (>6 montbs) to ensure keeping

quality and to extend shelf-life. However, with inaeasing consumer demands for"fresh"
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products, and increasing energy costs associated with freezing and frozen storage, the fish

processing industry is seekingalternative methods forenhancing the shelf.Iife, quality, safety

and marketability ofthese products while at the same time reducing the energy costs.
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1.2.1. Mince

Minced fish flesh., commonly referred to as mince., is produced by mechanically

deboning deheaded., gutted tis~ or a portion thereof. In the mechanical deboning process,

the fish is either pressed against a perforated drum by a moving belt or a perforated

cylindrical head byan auger. In both systems., the pressure and perforation size are such that

the fish flesh., fat and any blood presentare forced throughthe perforations for collection., but

the skin., bones and connective tissue do not go through (Lanier and Thomas., 1978).

Thestartingmateria! for mince productioncanhe fillets removed from fish., the frame

remaining after tilleting., or deheaded., gutted fish. Mince made from flUets (fillet mince) is

lighter incolorthan that made from deheaded., gutted fish or frames. The desirability ofthis

lightercolorvaries with the intended use ofthe mince. Alight-colored mince would he more

desirable in fish sticks.

Production of fillet mince is often not economically feasible. Another drawback of

fillet mince is that Meat remaining on the frame after filleting May not he utilized for human

consumption, instead., it is used as bait or animal feed, or it is discarded. Discarding frames

and the high-quality protein still attached to the frames can be viewed as an ethically

questionable practice in light ofcontinuing population pressures on the world food supply.

Making mince from frames addresses this concem. Frame mince is clark in color because

blood trom the backboneand kidney is present(In~ 1991). Frame mince is thus suitable

for use as a red Meat substitute. However., processors have often had little economic

incentive to recover the frame meat. It is conceivable that increasing demand for mince~ a

decreasing demand of frames as bait orf~ increasing disposai tosts., or other economic

factors could make frame mince production an important profit-making or cast reduetion

technique.
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A third starting material for mince production is dehead~ gutted fish. When fillets

ofa particularspecies are not vaIuable commercially, the useofthe entire tish to make mince

can he cost effective. This is especially true in cases where mince is used ta make surimi.

Mince bas potential application as an ingredient in many ditTerent foods(M~ 1976). At

presen~ however, it is most widely used ta prevent voids andenhance cobesiveness in frozen

breaded fish sticks and portions. Mince is aIso used commercially in fish cakes and seafood

dishes as an extender. In addition, mince can he used as a substitute for Meat in Many

traditional foods. However, at present, foods containing mince as a substitute for red Meat

are not commercially available.

1.2.2. Surimi

Surimi is an intermediate food material that bas been used in Japan for centuries ta

make severa! foods (Lee, 1984). Its Japanese name, which means ~ced fis~" refers to

a process that was developed in Japan aImost 1,000 years ago. Surimi is made by mincing

the tish fles~ thoroughly washing il,and then refining and dewatering. Traditionally~ surimi

was mixed with ingredients such as salt and spices, kneaded, and then steamed, fried or

broiled to malee kamaboko, tempura and chikuwa respectively (Son~ 1986). The washing

of minced fish flesh removes substantial amounts of water-soluble proteins, vitamins and

minerais as well as pigments and odoriferous compounds. The major components ofsurimi

are thus the myofibrillarproteins: aetinand myosin. These proteinscanreadily form gels and

can he manipulated by food processors to make foods that have a variety of textures and

shapes. The excellent functionality ofsurimi bas led to its use in making seafood analog

products such as imitation crab, scallop, shrimp and lobster (pigo~ 1986). Before 1960,

surimi was nat frozen. lt was quicldy formulated into heated foods since denaturation

occurred during froz~ storage. This freeze-denaturation greatly reduced the surimi gel

funetionality. In 1960, Iapanese researchers discovered that by adding antidenaturants

(cryopectants) such as sucrase, the fteeze.denaturation pmblem could he practically
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eliminated (Soou, 1986). This discovery changes the surimî-based food industry from one

that was batch oriented and dependent on an uneven supply offresh unftozen surimi, to one

that bas a more consistent supply ofbigh quality frozen surimî. The steady supply ofsurimi

allows expansion of the surimi-based foods industry and makes the price of surimi-based

foods more consistent (Miyake et al., 1985).

Surimî can he made from a wide variety of6sh species. Fresh surimi can he made

from species such as tuna, mackerel, croaker and shark. Generally, any fish with good gel

forming ability and white meat color can he used to make frozen surimi. The manufacture

ofsurimi alters its compositionfrom theoriginal mince. The maindifference between surimi

and ordinary minced fish is that it is repeatedly washed with water. Surimi thus contains

proponionally less water-soluble protein than mince. Washing of surimi increases the

concentration of myofibriUar proteins, which improves gel strength and elasticity.

Cryopectants, suchas sugar, sorbitol and polyphosphateareadded to proteetthe 6shproteins

from the denaturing effect ofcold temperatures to extend its frozen shelf-life.

When surimi is converted iota severa! surimi-based foods, its composition is again

changed. Salt, sugar, starehes, egg white, monosodium glutamate and other tlavorings are

typical ingredients added to surimi in making traditional Japanese foods and modem seafood

analogs. Since surimi is esseotially bland in Bavar due to the washing it receives during

production, it can he formulated to bave a numberofditrerent tlavars. includingcrab, lobster

or shrimp. These shellfishanalags have been particularly successful due to the faet that their

texture is a1so very similar. There are aIso a large number of produets which can he

produced from frozen surimi, including a number ofbreaded and banered produets, such as

fish cakes and 6sh sticks.

The surimi in~ustry is rapidlyexpanding due 10 the fact that surimi bas a long sheIf­

life and is a highly fimetional protein ingredient ofgood nutritional qoality (Lee, 1986). It

is aIso easily being mass produced, but the largest overall benefit ofsurimi comes from the
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fact that it uses undenrtilized fish species which are abondant in supply. This is extremely

important since the over-exploitation and depletionofthe world's MOst valuable 6sh stocks

still exi~ despite attempts to control overfishing (Venugopal and Shahidi, 1994).

1.2.3. Value-Added Searood

Another imponant aspect of the minced fish industry is to incorporate 'value­

addition' into the process. Value-addition is essentially the process ofadding more value to

a product from the time that it enters the processing plant to the time it leaves. Lambert

(1990) expIained that the term 'value-addition' descn1les the process which changes a

product worth $10 in its basic state into a form which makes it worth $15. This is done

mainly by using low value or otherwise wasted materials into the formulation to impart

different flavors. These tlavors are usually associated with more expensive tishand seafood

products. Value-added seafood includes battered and breaded seafood, smoked seaf~

dried 6sh and precooked seafood entrees. Battered and breaded seafood incIudes fish sticks,

fish fmgers, 6sh nuggets, fish burgers, shrimp, scallops, and specialty products such as 6sh

and chips, steaks, stutTed flUets and crab sticks. This process can add up to 50% by weight

to the end produets due to the absorption ofail during the frying process (Roess~ 1989).

Systems for the preparation ofbanered and breaded seafood include single line and

tandemlineoperations. Single fine operationsare used when the desired produetweightgain

attributable to baner and breading is <30%. The seafood is pre-dusted with flour, gluten or

dry haner mix and then is soaked in batter, coated with breading, and in some instances

precooked (lngham., 1991). Batters used may based on flour, stareh or gums. Batters MaY

also he eategorized according to whether they contain leavening agents. Breadings consist

ofvarious mixtures oJflour, stareh and seasonings. The precooking step~ typically frying,

is done 10 set the batter and breading. Regardless ofwhether precooking is done~ the food

is ftozen quickly and held ftozen until it is fully cooked immediately prior10 consumption.
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Tandem line operations follow a simiIar sequence as the single line except batter and

breading are applied twice before the optional precooking step. The pick-up (weight gain

caused by batter and breading) in a tandem line exceeds 30%.

Battered and breaded seafood is very important in the fast food business and in

institutional food service. These products are aIso very popular in industrialized countries

and are becoming increasingly popular in many Southeast Asian countries as vaIue-added

produets are synonymous with convenience. Apart from convenience~ other reasons for the

continued growth of value-added seafood markets are due ta: (i) increased ownership of

domestic freezers; (H) two income familles with less rime to prepare meals; (ili) better

educated consumers who require a wider range ofavailable food; (iv) changing consumer

tastes; and (v) increased ownersbip ofmicrowave avens.

Precooked seafood enttees include a wide range ofitems. The raie ofthe panicular

seafood can range from minor, e.g.'t frozen linguini with clam sauce, to major, e.g., frozen

oven-med fillet dinner. ln additio~ specialty seafood items, such as gwnbo andjambaJay~

May he round in grocery freezer cases. The importance ofconvenient, precooked, frozen

meals in the average American's diet is expected to increase in the future.
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Fish quality deteriorates rapidly ifit is poorly handled and not stored properly. Once

fish die. microorganisms present in the gills, gut and skin, in conjunction with the activities

of the endogenaus enzymes, begin ta metabolize compounds, such as free amino acids,

sugars, ammoni~ trimethylamineoxide (TMAO}, creatine, taurine, the betaines, uric acid,

anserine, camosine and histamine, resulting in off-flavors, texture deterioration and

discoloration (Ashie etal., 1996). Storage lifeoffreshly eut fish depends on Many variables:

differences in tissue compositionofspeties; influenceofseasonsoftheyearoncomposition;

differences between freshwater and saltwater fisb, and the effects of salt on the normal

microflora of these fis~ as weIl as varying procurement and holding practices on board

fishing vessels.

Spoilage offish can he subdivided into three categories: (1) enzymatic spoilage, (2)

chemical spoilage, and (3) microbiological spoilage. The majority of 6sh products sold in

the supennarket are frozen to ensure a long shelf-life and to plevent aIl three types of

spoilage.

1.3.1. Enzymatic Spoilage

Loss of fteshness of fish, which usually precedes microbial spoilage, is primarily

attributed to enzymes present in the muscle tissue. When tish is alive, adenosine

triphosphate (ATP) is generated underaerobic conditions for muscle contraction. When fish

die~ anaerobic conditions set in and glycolYSis occurs withlittleATP being generated. In the

absence ofATP~ which is the main source ofenergy for metabolic aetivity~ ail biosynthetic

activities come to a halt resulting in the inability ofcells to maintain their integrity (Ashie

et al.~ 1996). ATP reserves will continue 10 he used up after the fish is harvested until the

reserves are depleted. AIkaline pymphospbate, instead ofATP, as weIl as lactic acid are



•

•

•

9

being produced. In addition, it is believed that nucleotide catabolism is linked ta 1055 of

freshness in fish (Figure 1.1). The tirst five steps ofthis reaction occur quite rapidly due to

the presenee ofendogenous tish enzymes. The OxidatiOIi ofhypoxantbine to xanthine and

ultimately ta urie acid is mueh slower and is the result ofmicrobial enzyme activity. The

depletion ofATP is aIso associated with rigor marlis, which results from the formation of

permanent actomyosin cross-links. This causes stiffening and inextensibility of the fish

muscle, which persists until endogenous enzymes "release" the cross·links.

FIavor deterioration is a key component to the breakdown of ATP. Inosine

monophosphate (IMP) contributes to the fresh and pleasant odor associated with fis~

however, its breakdown will result in loss of this fresh tlavor. The breakdown of lipids

present in fish is also a cause ofoff·flavors. Mincing incorporates air into the muscle tissue

and promotes lipid oxidation. Enzymes such as lipoxygenase, peroxidase and microbial

enzymes initiate lipid peroxidation to produce hydroperoxides (Ashie el al., 1996). These

hydroperoxides canundergo furtherdegradation ta fonn aIdehydes, ketonesand alcohols that

resu1t in the development ofoff-flavors in fish.

Fisb! including those sPecîes used for surimî! contains TMAO. TMAO is degraded

to trimethylamine (TMA) by TMAO reductase in !Wo ways: (1) by autolytic processes and

(2) by bacteria present on the tish. TMA is an odorous compound associated with spoiled

fish that bas been much studied as an indicator of tish spoiIage. It reacts with the lipids

present in the fish muscle ta produce the characteristic '1ishy" off-odor of SPQiled fish.

TMAO May also he decomposed to dimethylamine (OMA) and formaIdehyde by TMAO

dimethylase. Formaldehyde is believedto cause a sponginess ofthe tish flesh through cross­

Iinking of muscle proteins during frozen storage.
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ATP .. ADP .. AMP Inosine" Hypoxanthine ... Xanthine" Urie aeid

, ,JI

IMP

Figure 1.1: Reactions involved in nucleotide catabolism in fish (Flick and LovelI~ 1972).



•

•

•

Il

1.3.2. Cbemieal SpoUage

There are a number of factors associated with the chemical spoilage offish. These

include moi5ture loss, oxidatio~ rancidity, loss of volatile tlavors, loss of vitamins, and

changes in odor and flavor. Fatty 6sh are more prone to lipid degradation than lean fish.

Rancidity is also more pronounced directly under the skin where MOst fat is located

(Bramstedtand Auerbach, 1961). Otherthan the effeetofautolytic enzymes, hydroperoxides

are aIse fonned by nonenzymatic methods, namely oxidative rancidity and nonenzymatic

broMting.

Oxidative rancidity is a major cause ofseafood spoilage. The fats of6sh are highly

unsaturated and become easily oxidiz~ resulting in rancid off-odors and off-flavors. The

mechanism ofoxidation ofthe unsaturated fatty acids is via the formation of free radicals.

There are three steps involved in the process: initiatio~ propagation and termination. Once

the reaction bas been initiate~ free radicalsare formed from unstable hydroperoxides, which.

increase the rate of autooxidation. It bas been shown that the oxidation reaction cau he

catalyzed by various biochemical compounds, including amine acids, herne compounds,

organic acids and pigments. Trace Metal ions also play a key role in catalyzing these

reactions, particularly Cu2"', Fe2'" and F~.

Nonenzymatic browning aIso plays a key roIe in chemical spoilage offish. It results

in discoloration of the fish via two methods: (1) Maillard reaetio~ which occurs between

sugars and amino acids; and (2) browning reactio~ interaction between autooxidative lipid

reaction productsand proteins (EI-ZeanyetaL, (975). Khayatand Schwall (1983) suggested

that nonenzymatic bro~ning occurs in three steps: (1) formation of lipid peroxides; (2)

formation ofcolorless or slightly colored precursors ofbrown pigments by interaction of

peroxides with aetiye groups of prote~ or by interaction of carbonylic peroxide

decomposition produets with active groups of proteins; and (3) transformation of the

cotorless or ligbt.colored precarsors mto brown pigments.



•

•

•

12

1.3.3. Microbiological Spoilage

Although the flesh of live healthy fish is bacteriologically sterile at the time of

harveS4 it soon becomes contaminatedwithbacteriaduring processing and storage.. Sources

ofcontamination include sea water~ fish slime~ processing equipmen~ handler, visce~ gill,

and skin.. Each step in the processing of fish can have an impact on its final microtlora. In

additio~ the habitat orthe fish beforethey are harvested can have profound quantitative and

qualitative effects on the microflora of the raw materials. The predominant genera of

bacteria on fish at the time ofcatchare generallyGram-negative cocci suchas Moraxella and

Acinetobacter, and Gram...negative rads such as Pseudomonas, Flavobacterium and Vibrio

(Nickelson et al.. 1980; Listo~ 1980). On occasio~ Gram-positive cocci and the genus

Alicrococcus will predominate (Gillespie and Macrae, 1975)..

During storage offisb in ambient atmosphere on ice or at refrigeration temperature,

the genera Pseudomonas, Morcaella and Achromobacter become dominant (Gillespie and

Macrae, 1975; Lerke el al.. , 1965; Shewan el al.., 1960). Sorne Pseudomonas and

Achromobacter species will produce large amounts ofTMA (Banwart, 1989; Laycock and

Regier, 1971). When fish are harvested, these baeteria rapidty attack ail tissue constituents..

Funhennore, since these bacteria live on the cold-blooded 6sh at rather low ocean

temperatures, they are weIl adapted to cold and continue to grow even under common

remgeration conditions. Generally, spoilage occurs slowly if the surface area is low and

more rapidly when the surface area is high. Therefore, minced 6sh will spoU more rapidly

than whole 6sh or fish fiIIets. The mincing process could also lead to an increase in

microbial contamination through lack oftemperature control and crosseContamination.

MiCIOOrganisms contribute ta the degradation of fresh tish in a number of ways.

They provide baet~ enzymes necessary for certain degradative processe~ such as the

formation ofTMA from TMAO by providÏDgthe bacterial enzyme trimethylamine oxidase•

Other compounds produced as a result of microbial aetivity include hydrogen suI1ide~



•

•

•

13

dimethylsulfide and methyl mercaptanfrom sulphurcontainingamino acids; various amines

and ammonia from amino acids; carbonyl compounds from lipids; and indole, skatole,

putreseine and cadaverine from proteins (Avery afid Lamprech~ 1988; Herbert andShe~

1976; Smith et al., 1984; Watts and Bro~ 1982).

In the manufacture of mince, surimi and value-added seafood, a supply of high

quality raw material is absolutely essential for making products ofhigh quality.
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1.4. Modified Atmospbere Packaging

In recent years, increasing concerns about health and the environment have resulted

on greater attention to how food is produced, proc~ packaged, sto~ distributed and

consumed. The current growing demand for ·llear·fresh" quality and shelf·stable products

has spurred the developments ofManY innovative processing and preservation techniques.

Foremost among these are retortable pouches, aseptic packaging, controlled-atmosphere

storage and modified atmosphere packaging. The last being one ofthe MOst promising and

most extensively studied at the present time.

Young elal. (1988) definedmodifiedatmospherepackaging(MAP) as"theenclosure

of foods in high gas barrier materials in which the gaseous environment bas been changed

or modified to slow respiration rates~ reduce microbial growth, and to retard enzymatic

spoilage't with the mtent of extending shelf-life." A modified atmosphere, as the name

implies, is one in which the nonnaI composition ofair is changed or "modified" within a

package. Since the shelf...life ofMeat and other food products is atTected by the presence of

oxygen (00 and growth of aerobic spoilage microorganisms.. atmospbere modification

usually results in a reduction of the oxygen content in the package, and an increase in

nitrogen {NJ and carbon dioxide {COJ.

The use ofmodified atmospheres for shelf·life extension of food is IlOt new. In the

19th century, scienti5tS discovered that increasing COzlevels and reducing 0zlevels retarded

catabolic reactions in respiring foods't and slowed the growth of aerobic spoilage

microorganisms (Smith et aL, 1990a). European markets, have in fact, etTectively

commercialized MAP. It is a rapidly expanding teehnology due to the fact that energy costs

associated with other methods of preservatio~such as fteezing and drying, are relatively

high. There is also an increasing demand for additive- and preservative- Cree produets.
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1.4.1. MAP Technology

MAP relates to the modifications of O2 and COI levels compared to the normal

composition ofair (20.9% O2, 79% N2 and 0.1%CO~ before storage. Their concentrations

are allowed to fluctuate as a function oftinte, temperature and package transmission rates.

The effectiveness of MAP is limited by the manufacturing practices that are employed. It

does not overcome hygienic abuses in the manufacture and handling of food products,

howeverwhen it is applied correctly, itcan slowthe natura! deterioration ofperishable foocls

(Campden Technical Manual, 1992). Therefore, it is necessary to stan with high quality

products in order for MAP technology to he truly effective. Three methods commonly used

by the food industry to modify the gas atmosphere within a packaged product are vacuum

packaging, gas packaging and oxygen absorbent technology.

• 1.4.1.1. Vacuum packaging

•

Vacuum packaging is one ofthe most common methods of food preservation and it

is used extensively by the meat industry. It involves packaging the product in a film oflow

oxygen penneability, the removal ofair from the package, and the application ofa hermetic

seal (Smith et al... 1990a). The headspace O2 is usually reduced to less than 1% onder good

vacuwn conditions, while 10-20% CO2 is produced from tissue and microbial respiration.

These conditions of low O2 and elevated CO! help extend the sheIf-life ofMeat and other

food products by inhibiting the growth of normal aerobic spoilage microorganisms,

panicularly Pseudomonas and Alteromonas 5peCies (Gill andT~ 1980).
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Gas packaging is a technique in which various combinations and mixtures ofCO!,

N2 and O2 are used, depending on the product. The process involves removing the airout of

the package, sunilar to vacuum packagin~ then back flushing with the desired mixture of

gases.

The levels and mixtures ofgases (02' CO2andNJ useddepend primarily on the food

product. For example, in cured Meat produets, O2 is oot oecessary and can even he

detrimental to product color. Therefore, it is necessary to package cured meats in an O2 free

mixture 0 f CO2 and N2, or in 100% ofeithergases. In fish, autoxidative changes lead to the

fonnation of low molecular weight aldehydes, ketones, alcohols and carboxylic acids.

Therefore, the gas mixture depends on the fat content of the fish. Low fat fish can he

packaged in 60% CO! and 40% O2 while high fat fish need to he packaged in an O2 free

environment to prevent rancidity problems.

Carbon dioxide (C0:J is the most commonly used and mast effective gas used in

MAP. It is bacteriostatic and fungistatic. [t retards growth ofspoilage microorganisms and

reduces oxidative rancidity of fat by displacing 0 20 It also prevents insect growth and it is

highly soluble in fat and waterwhere it forms carbonic acid (Brody, 1989). There are severa!

factors tbat influence the antimicrobial effect of CO~ specifically microbial [osA gas

concentratio~ temperature and packaging film permeability (Smith et al., 1990b).

The protective mecbanism of the CO2 atmosphere against microbial growth is not

weil understood. However, there are severa! theories for the mechanism of microbial

inhibition by COl- Four theories ofthe mechanism are attributed to the preservative effects

of CO2 in foods. Most likely, the preservative effects are due to a combination of the

following factors:
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Displacement of O! by CO! inhtëits the growth of aerobic microorganisms and

results in a delayed growth phase (prolonged lag phase) while there is a shift of

dominant microflora that tend ta be antagonistic ta spoilage bacteria (Callow, 1932;

Priee and Lee, 1970).

Hydration or CO:! to carbonic acid May result in acidification orthe tissue (Aichin

and Thomas., 1975; Becker, 1933; King and Nagel, 1967). It should he noted~

however, that the hydration of CO! to carbonic acid is estimated ta he ooly 1-2 %

(Knoche, 1980; Brinkman et al., 1933; Quinn and Jones, 1936). Carbonic acid

dissociates rapidly, and forms bicarbonate (HCDl ) and hydrogen ions (H'"). Ye~

lowering the extraeellu1arpH ta the sameextend by using HCI did not give such high

bacteria! and mold inhibition.

Either CO! or its ions May alter the bacteria! cell permeability characteristics,

specifically by increasing fluidity ofmembrane fany acids and/or the carbamination

of proteins (Krou~ 1919; Sears and Eisenberg, 1961; Castelli et al., 1969; Fox,

1981). This is a possible mechanism ta inhibit aerobic spore germination (Sears and

Eisenberg., 1961; Enfors and Molin, 1978).

Metabolic pathways May he affected by the presence of CO! and result in altered

hacteria! enzymatic activity, e.g., an increased rate of succinate formation by

Bacil/us, inhibition of isocitrate dehydrogenase and malate dehydrogenase by

Pseudomonas, and interference with hydrolases and thus autolysis (Elsde~ 1938;

King and Nagel, 1975; Mitsuda el al., 1980; Smîkahl, (985). This may he the result

of either aItered solubility of proteins and/or feedback inhibition mediated by

enhanced CO2 solubility at reduced temperatures (Delente el al.., 1969; Krebs and

Roughton, 1948).

•
CO! is highly soluble in water ~d will form carbonic acid. It will consequendy

reduce the pH ofthe f!s~ which is normally at 63., downto a range of5.7-5.8 (Brody, 1989).

This dissolution phenomenon is dependent on temperature, moisture content and

concentration ofCO2• As temperature increases, solubilitydecreases and mic:robial growth
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increases (Ogrydziak. and Brown, 1982). CO! bas been proven to he more effective against

Gram-negative bacteria than Gram-positive bacteria (Yasudaet al, 1992).

The overall effect of CO! with appropriate temperature control increases both lag

phase and generation time of spoilage microorganisms (Smith et al., 1990a). The

predominant Gram-negative psychrophiles in cold water fish are Moraxel/a, Acinetobacter,

Pseudomonas, Flavobacterium and Vibrio (Ward, 1989). CO! is most effective against

aerobic spoilage microorganisms but it bas little or no effect on facultative organisms such

as Enterobacteriaceae, Brocothrix thermosphacta or microaerophilic lactic acid haeteria

(Brady, 1989). Anaerobie bacteria, as weil as pathogens, such as Salmonella spp.,

Staphylococcus aureus, Campylobacter spp., Yersinia enterocolitica and Clostridium spp.

are not markedly affected by CO! and MAP anaerobic conditions MaY even favar their

growth (Smith et al., 1990a).

The numbers~ types and age of the microbial population greatly affect the

antimicrobial propenies ofCO! (Brady, 1989). As bacteria move from the lag phase ta the

log phase of growth, the inhibitory effects ofCO! are reduced. Therefore, the earlier the

packagin~ the greater the effectiveness of CO!. MAP does not improve the quality of a

produet but maintains it and helps retard its further degradation. Aconcentration of20..60%

CO! is required in the package headspace to be etTective against aerobic spoilage

microorganisms. It bas been shoMl that the inhibitory etTect ofCO! increases linearly with

increasing concentration, but little etTect above 60% (Gill and Tan, 1980; Brady, 1989).

Storage temperature aIso affects bacterial inhibition by CO!. The antimicrobial aetivity of

CO! is enhanced at lower storage temperature~ which is due ta the increased dissolution of

CO! in the aqueous phase ofthe food produet.

Nitrogen (NJ_is used in gas packaging as an inert filler gas and 10 prevent package

collapse, especiallywhenCO2dissolves into the food produet(Farber, 1991). Itbas no effect

on food and bas no antimicrobial properties. It cm also he used ta replace O2 in foods to
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prevent oxidative rancidity, especially in foods with low water activity (aw), e.g.~ peanuts.

Oxygen (O~ is generally not used in gas packaging applications~ except in meat

products where it is used to maintain the red calary or "bloom" associated with fresh red

meats. 02 can aIso he used in low concentration in the packaging ofrespiring products.

1.4.1.3.. Oxygeo absorbent tec:hnology

•

•

While gas packaging bas been used to slow down or inhibit aerobic deteriorative

changes in food products, aerobic spoilage can still accur in such products depending on the

level of residual O2 in the package headspace. The level of residual O2 in gas packaged

products couLd he atTected by a number of factors: (a) O2 permeability of the packaging

malerial.. (h) ability of the food to ttap air, (c) leakage ofair through poor sealing, and (d)

inadequate evacuation and/or gas flusbing (Smi~ 1994). A novel and innovative method

ofOz control and ofatmosphere modification involves the use ofoxygen absorbents.

Oxygen absorbents can he defined as "a range ofcbemical compounds introduced

inta the MAP package (not the product) to alter the atmosphere within the package" (Smith..

1994). Developed in Japan, oxygen absorbents were tirst marketed by the Mitsubishi Gas

Chemical Company, under the trade name '4Ageless". Ageless absorbent COnsiSlS ofa range

ofgas scavenger produets designed ta reduce 02level ta less than 100 p.p.m. in the package

headspace (Smith~ 1994). The sachet material is highly permeable to oxygen and water

vapor. Under appropriate humidity conditia~ the basic system which is made up offinely

divided powdered iron uses up residual O2 to fonn nontoxic iron oxide (rust). The

mechanism ofoxidation is as follows:
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~ O2 + H20 + 2e- -20H­

Fe2-~ + 20H- - Fe(Oflh

Fe(OHh + ~O2 + ~ H20 -Fe(0H)3

Oxygen absorbent technology was developed by the Japanese, and bas become a

major method for food preservation. It bas been used widely to extend the mold·free shelf·

life ofbreads, pizza crusts and cakes, as weil as to prevent oxidation offats in potato chips,

dried tisb, beefjerky, semi·moist cookies and chocolates (Smith, 1993).

1.4.2. Use of MAr to Presen'e Seafood Products

MAP is an effective method to extend the shelf·life offresh fish and seafood. When

packaged in air, the shelf·life of seafood is limited by the growth of Gram-negative,

psychrotrophic strains ofPseudomonas,Achromobacter,FlavobacteriumandMorcae!Ia spp.

(Ashie et al., 1996). Even at QOC, eviscerated 6sh and fish fillets usually spoU within 7-10

daysofstorage (Eklund, (993). Growthofthese microorganisms is inhibitedwhen packaged

under modified atmospheres.

Packaging under modified atmospheres is also effective at delaying oxidative

rancidity. In white fish, crustaceans and sheUfish produets, gas mixtures containing 35-45%

CO2, 25-35% O2 and 25-35% N2 are recommended (Campden Technical Manual. 1992).

Mixtures containing 35-45% CO! and 55-65% N2 are recommended for oUy tish products

since theyare more susceptible to oxidative rancidity.

Inorderfor~ tishproducts to heeffective, highquaIity fishandseafoodproducts

should he used. Theshelf:life ofthese produets depends uponthe species, fatcontent, initial

microbial load, gas mixture and starage temperatuœ. It is impottant to maintain good
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hygiene and proper temperature storage condition in arder for MAP to he effective.

Although the U.S. Food and Drug Administration (FDA) does not currently endorse

modified atmosphere storage of seafo~Caon (1984) recommended that for white fis~

scampi~ shrimp and scallops, a 40% CO/30% 0/30% N2 environment provides the best

results. For the fany tisb, e.g., salmo~ trou~ herring, mackerel and smoked 6sh products,

a 60% CO/40% N2 atmosphere is the MOst desirable gas atmosphere.

1.4.3. Microbiological Safety of MAP

The safety of MAP is of major concem since the reduced O2 will inhibit bacterial

growth but May permit the growth ofother pathogenic microorganisms. The gro\Vth ofthe

normal spoilage microorganisms (indicators ofspoilage) will he delayed and thus there is a

shift in characteristic spoilage microfiora. Odors normaIly associated with spoilage will not

develop and May create a false confidence in product safety. MAP products May aIso he

exposed to temperature abuse during storage and distributio~ which May increase the risk

associated with MAP foods.

Temperature control is probably the most critical consideration in MAP. The safety

of MAP products, wbich are susceptible to contamination with Clostridium bOluIinum

spores, is of public health conc~ particularly onder temperature abuse conditions. The

ability for C. bOlulinum to grow underanaerobic conditions, as weIl as the stimulative eifect

ofCO! on spore germinatio~ have justified these concems. It is known that C.. bolUlinum

can growat temperature as lowas 3.00C (Graham et al.., 1997). Abusive handling for even

a few hours can result in the outgrowth ofC botuIinum spores and for this reaso~ strict

temperature control ~ust he maintained.
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Many believe that O2 should he included in the package headspace ofhigh risk foods

to minimize this potential hazard. Howevert the presence ofa! in the package should not

he the oo1y safety measure. Furthennore, some studies have shawn that the inclusion ofO2

in the package headspace May have linIe or no effect on the growth ofC. botulinum in raw

fishery products (Eklun~ 1982). More research into the biochemical indicators is needed

to develop criteria for acceptability of MAP seafood. In additio~ such criteria MaY differ

from one 5peCies to another since aerobic shelt:life and spoilage patterns can vary widely.
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1.S. Safety ofFish Produets

Seafood is a commodity that bas a good historyoffood safety but it bas the potential

ta cause a wide spectrum of public health problems due to contamination and growth of

pathogenic bacteria during production and distribution from the point of harvest ta final

preparation. An understanding ofthe major foodbome pathogens and associated problems

has enabled control measures to he implemented that effectively eliminate or greatly reduce

the riskofbuman illness from these pathogens. Foodsanitationand qualitycontrol measures

thatensure the safetyofseafood from harvest to consumptionmustcontinue to he developed

in the future to eosureacontinued high level ofsafety. Seafood-bomedisease organisms can

he divided ioto severa! groups based on the source ofcontamination.

Human foodbome illness is often caused by bacteria! pathogens from fecaI

contaminationoffood eitherdirectly by ill orby asymptomatic carriers such as food handlers

or by infected domestic animais raised for food. M~ as a carrier ofcommon bacteria such

as Salmonella spp. and Shigella spp.~ can contribute to human illness by direct fecal-oral

transmission ofthese types ofpathogens. Seafood can actas a fomite. Even ifthe level of

contamination is not grea~ an infectious dose can often he quite Low ifno final heat process

is applied after preparation prior to consumption. This first category ofrisk includes eating

raw fish (sashimi) as weIl as other aquatic food animaIs such as molluscan shellfish.

Exposure of seafood species to sewage-contaminated water May result in

contamination ofthe seafood with pathogenic baeteriaand viruses offecal origin. Flatfishes

caught near effluent discharge points in the Baltie Sea were found to contain Salmonella., a

genus that causes a high percentage of foodbome ilInesses (Wuthe and Findel., 1972).

Clostridium perfringens., a spore-forming anaerobe capable ofcausing gasttoenteritis., was

found in aIl gut samples from fish caught near sewage outfalIs in Puget Soun~ Washington

(Matches et al.~ 1974). Seafood barvested ftom polluted water., or raised in aquaculture

systems could he considered as vectors rather than fomites because ofthe close contact of
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the living productwith man and bis agriculturallivestockinclosedorconfmedharvest areas.

This second group ofcontaminants aIso includes those round in the natura! pristine marine

or fresh water environment. These include Vibro spp. and C. botulinum which exist in the

water column or sediments ofthe harvest area.

However, the greatest source ofadulterationofseafood with enteric pathogens is due

ta unsanitary practices during product handling and processing. Products that are fully

cooked or otherwise processed are also subject to subsequent cross--contamination. An

increase in the nombers 0 f these organisms by time-temperature abuse often coincides with

unsanitary handIin& thus increasing the potential for disease. Salmonella, Campylobacter,

Listeria monocytogenes, pathogenic forms of Escherichia coli and r: enleroco/itica are

commonly found inthe marine environmentand thechanceofhuman infection from seafood

is increased with produet abuse (lngham, 1991).

1.5.1. Safety of Value-Added Fish Producu

The microfiora of banered and breaded seafood can arbitrarily he divided iota

organisms naturally associated with the seafoo~ organisms associated with the baner and

breading ingredients, and organismsassociated withprocessing worken andequipment. The

microbiologyofbatterand breading mixtures has been thoroughly reviewed by Fung (1983).

The major ingredients in batterand breading mixtures are flour, stare~ spices, milk. eggs and

water. Spices can he heavilycontaminated with bacteria!cells, spores ofbacteriaand molds.

Even though seme spices contain compounds with antimicrobial aetivity, the addition of

spices to a cooked food can contaminate that food and possibly lead to foodbome illness.

Spores ofthe foodbome pathogens C. perfringens and Bad/lus cereus have been frequently

found on spices(Po~ etal., 1976). The heating offoods containing spices will decrease

the microbialload ofthe spices.
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The application of sound food handling and processing techniques is necessary to

ensure the microbiological safety, and keeping quality of battered and breaded seafood.

These techniques are aIso vitally important for precooked seafood entrees. Good

manufacturing practices including sanitary handling, thorough heat processing, proper use

of high-quality ingredients, and avoidance of post-cooking cross-contamination must he

adhered in preparing these entrees. The current trend in favor of precooked refiigerated

(non...frozen) foods bas placed an added emphasis on these practices in the productionofsafe

vaIue..added seafood products.

Ready...to-eat seafood is usually subjected ta post..processing contamination.

Pathogenic bacteriawhich MaYhe introduced iota these seafood products includeAeromonas

hydrophila, Vibro parahaemolyticus,S. aureus,L monocytogenes and C. botulirrum (Ingham

and Potter, 1988).

A.. hyc/rophila bas been isolated from oysters, poultry and a variety of red meats

(Abeyta el 0/., 1986; Okrend el 0/., 1987). It cao growon foods at cold temperatures as low

as 3°C (Eddy and Ketchell, 1959). Since the early 1970s, A. hydrophila bas been cited as a

potential cause of foodbome gastroenteritis. Because A. hydrophila does not grow well in

levels ofNaCI above 1.5% (Ingham and Patter, 1988; Palumbo et al., 1985), it is most likely

ta he a contaminant of6sh from fresh or estuarine waters.

Other pathogenic baeteria naturally present in the pre--barvest environments of

seafood include V. parahaemo/yticusand Vibra vulniftcus. These species are found in wann

waters and require NaCI at levels of2-3% for optimal growth. Foodbome illness caused by

~ parahaemolyticus and V. vuinificus is most likely 10 he associated with ingesting raw

seaf~ or as a result ofcross--contarnioation ofcooked seafood. v: paraJuzemolyticus is

halophilic, therefare i!will grow weil in bigh-salt surimi. However, it does not grow weil

al refrigeration temperatures (Ingham and Patter, 1988).
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Seafood, regardless of species, can support the growth of S. aureus when

contaminated and because they are high in protein content and thus fulfill the nutritional

needs ofthe microorganisms. S. aUTeus is a toxin producing, Gram·positive coccus which

occurs due to cross-contamination or misbandling.. It bas also been shown ta grow weil in

high salt conditions but it does Dot grow weil al refrigeration temperatures. Typical

outbreaks ofstaphylococcal seafood poisoning occur in cooked products, such as smoked

6sh or crab., since heating destroys competitive microorganisms and allowing staphylococci

to predominate. There are tive serological types ofstaphylococcal enterotoxin designated

A-E. Most food outbreaks involve types A or D (Sperber., 1977).

Evidence bas also been presented to suggest that the pathogenic bacterium L

monocytogenescao frequently contaminateseafoodduring processing (Weagantetal.., 1988).

An outbreak was reported in Finland where febrile gastroenteritis in 5 healthy persons was

associated with the consumption ofvacuum packed cold..smoked rainbow trout containing

L. monocytogenes (Miettinen et al., 1999). Listeriosis was aIso a possible cause ofa New

Zealand outbreak through the consumption ofraw 6sh and shellfish (Lennon et al., 1984).

Fish may also contain spores of C. botulinum type E, an anaerobic spore-.forming

bacterium found in marine and aquatic environments., such as sediments and the intestinal

tract of 6sh. It can grow and produce toxin al temperatures ranging from 3.0°C to 45°C

(Banwart., 1989; Graham et al., 1997).. Many refrigerators do not maintain temPerature

<3.0°C!, 50 growth of C. bOlulinum type E is a threat when fish is stored under anaerobic

conditions. Outbreaks ofbotulism caused by C. bOlUlinum type E have involved smoked

fis~ vacuum-packaged fish and canned 6sh(1n~ 1991).



•

•

•

27

1.S.2. Concerns Associated with MAr SeaCood Products

The use ofMAP technology in the seafood industry is increasing, but there is still

concem about the public health safety of value-added seafood produets packaged under

modifiedatmospheres. WithMany modifiedatmospheres containing moderate to high levels

of CO!, the aerobic spoilage organisms which usually wam consumers of spoilage are

inhibited, while the growth ofpathogens May he allowed or even stimulated. Major safety

concems that need to he addressed include the potential for growth of psycbrotrophic

facultativelanaerobic pathogens round in seafood produets. Studies have shown that a high

level of CO! bas an inhibitory effect on J;: haemolyticus~ S. aureus and A. hydrophila at

refrigeration temperature (Kimura et al. or 1997, 1999; Devlieghere el al."! 1998; Doherty et

al."! 1996). However, growth ofL monocytogenes and non·proteolytic C. botulinum type E

in MAP seafood product still need to he addressed to ensurc the microbiological safety of

these products.

1.5.3. Litteria monocytogenes

L. monocytogenes is a Gram-positive, non spore·forming, facultative ro~ motile by

peritrichous flagella, and exhibiting tumbling motility under a light microscope in a wet

Mount at 25°C. It is a pathogenic and psychrotrophic microorganism, capable ofgrowing

between -0.4 and 50°C (Farber and Peterkin~ 1991).. The colonies demonstrate a

characteristÎc blue-green sheen byobliquely transmïtted light.. L monocytogenes is catalase

positive, oxidase negative~ and expresses a p.hemolysin which produces zones ofclearing

on blood agar..

Listeria is rel~vely heat resistant but usually is not present in foods receiving

adequate heat treatment. The presence ofL monoeytogenes in cooked seafood indieates

cross<ontamination of the produet or underproc:essing. Listeria is aerobic under MOst
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circumstances but can he facultatively anaerobic and thus grows well under reduced levels

of oxygen in MAP packaged products. Listeria can also survive and grow under

refrigeration temperature. These bacteria also survive freezing weil, thus making adequate

cooking and prevention ofrecontamination extremely important.

Lisleria is commonly identified by serotyping. Types 1 to 7 are kno~ with types

1~ 1b and 4b predominating as bath environmental and clinical isolates. The serotyping

scheme is based on both somatie and tlagellar antigens. Phage typing bas aIso been

employed as a method offurther identifying isolated strains. There are currently 27 phages

used in the typing system ofAudurier (Mclaughlin et al., 1986).

L monocytogenes is an interesting pathogen because it is a facultative intracellular

parasite. The organism enters the body through the intestine and bas a variable incubation

period that May he as short as 1 day to a month or longer (Kverberg, 1991). The ingested

cells enter the body through ileal villi cells and are subsequently taken up by macrophage

cells in the bloodstream. Instead ofbeing digest~ the engulfed cells multiply inside the

host cell until the macrophage bursts and liberates the L monocytogenes eells ta repeat the

process. This causes the transitory tlu-like symptoms often reported at the initial stage.of

disease. The enterie phase of the disease is not consistent; sorne report upset stomach and

diarrhea whereas other victims do not display these symptoms. The actual disease, known

as listeriosis, does not occur until a severe form of septicemia, encephalitis, lesions or

meningitis develops. AIl ofthese forros oflisteriosis mayaccompany infectionofthose who

are not immunocompetent (Loveu, 1989). The susceptible groups include pregnant women

and their fetuses, cancerpatients and others undergoing immunosuppressive therapy~as well

as diabetics, aleohoIics, cinhotics, people with cardiovascuIar, renal collagen, neoplastic

dïseases, and the elderly(Niemanand Lamer, 1980). Mortality is highamongthase infected

as evidenced by a 290/~death rate amongpatients inaNewEnglandoutbreakassociatedwith

tluid milk (Fleming el al., 1985)•
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Listeriaspp. have had littledocumentedassociation with seafood until very recently.

It bas long been known that Listeria is widely distributed inthe environment. It is ubiquitous

in nature and bas been isolated from sail, water, humans, and a variety ofanimais such as

cattle, sheep, goats and pouItry (Grayand Killinger, 1966). There is little known association

betweenseafood and listeriosis. An outbreak.ofperinatallisteriosis was reported from three

obstetric hospitals in Auckland, New ZeaIancl Most ofthe 22 cases were due to strain 1b.

The cause ofthe outbreak was not discovered. Consomption of raw shellfish and raw fish

may have played a role (Lennon et a/., 1984).

1.5.3.1. Facton influeDcing growth ofL monocytogenes

•

•

Sorne ofthe factors affecting growth ofL monocytogenes include: temperature, pH,

~ atmosphere and food additives.

L monocytogenes has a temperature growth range of -0.4 to 50°C (Farber and

Peterkin. 1991). Although its optimum growth temperature is between 30-37°C, it is also

capable of gro~ingat refrigeration temperatures. In laboratory media, L monocytogenes

grows very slowat 1°C, however, at slightly higher temperatures.. Le., 3-6°C, the growth rate

increases such that a final population of -lOS CFU/ml is anained after severa! weeks of

incubation (EI-Shanawy andM~ 1988).

The minimwn pH al whichL monocytogenes is capableofgrowing is still debatable.

Parish and Higgins (1989) reported thatL monocytogeneswascapable ofgrowing in tryptic

soy broth supplemented with 0.6% yeast extraet (TSBYE) at pH values ftom 4.5 to 7.0 but

with no growth at pH 4.0 or lcss when incubated at 30°C. Farber and Peterkin (1991)

suggested that the ID.ÎJ!ÎD1UDl pH required for the initiation ofgrowth ranges from 5.0 ta 5.7

al 4°C and 4.3 to 52 al 300C. However, Itaand Hutkins (1991) indieated that the organism

wouid survive onder certain conditions at pH 3.5 for 24 hours.. They a1so concluded that
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inhibition of Listeria by acid is caused by specifie effects of the undissociated acid on

cellular processes and not by a decrease in intraceUuIar pH. It is also quite resistant to

alkaline pH and bas been shown to grow in liquid mediaat pH 9.6 (Seeliger~ 1961).

The ability of five strains ofL monocytogenes ta initiate growth at five different

temperatures in brain-heart infusion (BHI) brothandadjusted to various aw values witheither

Nael~ sucrose or glycerol was investigated by Farberet al. (1992). Glycerol was found to

he the least toxic ofthe three solutes. L monocylogenes was capable ofgrowth at 300e at

an Clw of0.90 (reduced byglycerol) compared to 0.93 and 0.92 for sucrase and NaCI adjusted

media respectively. [t was also reported that the minimum élw for growth increased as

incubation temperature decreased.

The gas atmosphere aIso affects the growth of L monocytogenes. Sînce L.

monocytogenes is a facultative organism, growth MaY he enhanced under low oxygen

concentrations. [t has been reported that modified atmosphere does not completely inhibit

the growth ofL monocytogenes but May extend its lag phase and generation tinte (ICMFS~

1996).

McClure et al. (1991) round that at 300e, increasing the NaNO! Level ta 400 J.lglml

had Little effect in delaying growth ofL. monocytogenes at or above pH 6.0. At pH <6.0,

NaNO! had sorne inhibitory effect, including the lowest concentration of 50 J.lglml. No

growth was observed at pH 5.3 in the presence ofNaNO! when incubated at 20°C or lower.

1.5.3.2. L mo"ocytoge"t!S in food

•
L monocytog~nes bas been round in a wide range offood produets, including fish

and seafood products, milleand dairyproducts, fresh and processed meat, and fresh produce

includingcoleslaw. However, it is onlywithin the pastfewyears thatL monocyrogenesbas
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been established as a foodbome pathogen. It represents a major problem to food processors

since it is widespread in the environment and it can grow at refrigeration temperatures. Its

occurrence in food is usuaIly due to cross-contamination ofready-tc.eat products by food

handlers or by surfaces during slicing and packaging (Oh and Marshall, 1994).

L. monocytogenes bas been found ina wide range ofclairyproducts, primarilycheese.

Levels as high as 101 CFU/ml have been documented in cheese (Farber and Peter~ 1991).

In meal, MOst contamination usually occurs on the surface. However, Johnson et al. (1990)

found L monocytogenes in the inlerior muscle core samples ofbeef, pork and lamb roasts.

Chicken could aIso he heavily contaminated with Listeria (Bailey et al., 1990). Although

Manydifferent types ofvegetables have been analyzed for the presenceofL. monocylogenes,

only potatoes and radishes appear to he regularly contaminated (Heisick el al., 1989).

Sources of contamination include soil. water, animal manure, decaying vegetation and

effluents from sewage treatment plants (Beuebat el al., 1990). Sînce L. monocytogenes is

widespread in the en\t1ronment, fish and seafood produets have aIse been targeted as

potential sources ofthis organism. Although tish products have not been studiedextensively

for Lisleria compared ta other foods, products round ta contain L. monocylogenes include

shrimp, crab, lobster, tin 6sh and surimi-based products.

The minimum numberofpathogenie L. monocytogenes eells which must he ingested

to cause illness in both healthy or immunocompromised individuals are not kno~n. The

number of cells required to cause illness varies depending on the strain and host

susceptibility.

The tolerance levels for L monoc:ytogenes in foods set by Health Canada are as

follows: (i) azero tolerance level in foods that have been linked ta listeriosis outbreaks, e.g.,

coleslaw, cheese~ etc.;_(ù) a zero tolerance for foods with a shelf-life ofmore than 10 days

that are capable fo supporting its growth, e.g., vacuum packaged meats; and (iù) a tolerance

level ofless tban 100 CFU/g in frozen foods as long as the food was processed and packaged
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under Good Manufacturing Practices (GMP).

1.5.3.3. Control of L monocytogelJes in food

•

•

There are a number ofmethods to control the growth ofL. monocytogenes in food.

These include thermal processing, temperature control, as well as other novel methods of

control such as baeteriocins and modified atmosphere packaging.

The extent to which L. monocytogenes is heat stable is debatable. This controversy

in the thennostability can he attributed to two main problems. F~ a phenomenon called

"heat shock response' was associated with L monocytogenes. It bas been shown that ifL..

monocytogenes is exposed to sublethal temperatures around 44-48°C, the cells acquired an

enhanced thermotolerance (Farber and Browa 1990).. AIso, cells grown at higher

temperatures have a higher thermotolerance. The second problem is related to the method

of recovery of heat...stressed organisms.. It bas been shown that significantly more heat­

stressed cells can he recovered in an anaerobic environment than in the presence ofoxygen

(Knabel et al. .. 1990). The oxygen sensitivity ofheat-stressed L monocytogenes is thought

to he due to the inactivation of the enzymes catalase and superoxide dismutase during

heating. Doyle et al. (1987) concluded that L monocytogenes can survive a heat treatment

of72.2°C for 15.4 seconds, which May he used for High-Temperature-Shon-Time (HTST)

pasteurization offluid mille.

The abilityofL monocytogenes to growat refrigeration temperatures poses aserious

threat to the food industry (Ryser and~ 1991). It reached a higher population on raw

and cooked catfish and shrimp than on becforchicken stored aerobically at 4°C (Sbineman

and Harrison, 1994). !t was discovered that sorne ofthe differences in growth rates couldhe

attributed to the inherent pH differences ofthe produet tissues. Bee!and chicken bath bave

a natura! pH of-5.7, while shrimp is -pH 7.6.. Hangard-Vidaud el al.. (1989) isolated L
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monocytogenes strains from 10% offresh trout samples, cooked shrimps, cmb and smoked

salmon. Although the organism was present at low levels, their study showed that it is

capable ofgrowing at low temperatures during storage. Freezing bas the ability to extend

thesheLf..lifeoffoods 5to 50 foldcompared to refrigemtion(EI-Kestetal., 1991). Although

freezing is oot considered bactericidaI, exteoded frozen storage can result in death of

bacterial cells due to cellular damage.

Bacteriocins are biologically active proteins produced by some strains of batteria

including naturally occurriog foodbome organisms (Klaenhammer, 1988; Daeshel, 1989).

These proteins are lethal against other bacteria, and can he produced by a wide variety of

organisms" including Baeillus, Bacleriodes, Bruce/la, Carnobaclerium, Cau/obacter,

Citrobacrer.. Clostridium, Corynebacrerium, Enlerobacler, Escherichia, Halobacteria,

KIebsie/la, Lactobacillus. Lactococcus, Leuconostoc, Listeria, Micrococcus, Mycobacterium,

iVeisseria.. PasreureIla, Pedicoccus, Propionibacterium, Proteus, Pseudomonas,Salmonella..

Sarcina.. Se"atia, Staphylocoecus, StreplococCUS and Vibrio spp. (Barefoot et al., 1992).

Numerous bacteriocin-producing lactic 8Cid baeteria were found inhibitory to L

monocytogenes such as bacteriocins produced by Carnobacterium piscicola and

Carnobacterium divergens.. pediocin produced by Pediococcus acidilacti and sakacin

produced by Lactobacillus sake strain Lb 706 (pilet et al.., 1995; Nielseo et al., 1990;

Schilinger et al., 1991). In addition to lactic acid bacteria., Larsen and Gundstrup (1965)

reponed that certain strains ofBacil/us suhtilis and Bacil/us pumilus couid prevent growth

ofL. monocylogenes on tryptose agar at 3-rC.

The effects of modified atmosphere packaging on the growth ofL monocytogenes

have not been studied as extensively. There are sorne concems since it is a facultatively

anaerobicmicroorg~ and therefore wouldheableto grow in lowoxygenconcentration.

However, it was found that an atmosphere of 1()()OIQ CO., bas a significant inhibitory effect- -
onthe growthofL monocyrogenes, which is enhanced at lowertemperatuœs (Razavilarand

Genigeorgis, 1992).
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Avariety ofpreservatives are employed to control L. monocylogenes in food. Sorne

examples ofthese include potassium sorbate, sodium propionate, sodium benzoate, sodium

nitrite, antioxidants and lysozyme. It was aIso found that these preservatives provided a

synergistic effect when used in combination with each other, enhancing the inhibitory

propenies of the individual compounds.

1.5.4. Clostridium lJotuJinum

c. borulinum is a Gram-positive spore formerthat can grow between pH 4.6 and 8.5.

It is a catalase negative, anaerobic spore-forming rod that produces a highly potent

neurotoxÏD. These characteristics allow C. botulinum to survive high temperatures and

multiply in absence ofoxygen. The disease caused by the toxin is called botulism. and it is

caused by a variety oforganisms in the genus Clostridium, primarily C. bolU/inum, but aIso

Clostridium barati and Clostridium butyricum. C. bOlUlinum is classified into seven types:

A.. B, C, D.. E, F and 0, based on ditTerentiaI neutraIization with type-specifie antitoxin

reagents. Group l consists of the proteolytic types A, B and F, and group II consists of the

non-proteolytic types B, E and f.

Human botulism is almost always oftype A, B or E (Hatheway, 1993). Botulinum

neurotoxin acts by blocking the release ofacetyl choline at the neuromuscuIar junction in a

three-step process: (1) the toxin Molecule binds to receptors on the nerve ending; (2) the

toxin molecuIe~ or a portion of i4 is intemalized; and (3) within the nerve celI~ the toxin

interferes with the release ofacetylcholine(Simpso~ (986). Thereareessentiallyfourforms

of botulism: (i) the "'classic" form caused by preformed toxin in the food; (ii) wound

bo~ which is veryrare butOCCUIS likeotherclostridialwound infections; and (iii) infant

bo~ which ocqu"S as a resuIt of ingestion of botulinal spores and subsequent

germinatio~ growth and toxigenesis in the intestine. The fourth form bas yet ta he classified

and includes cases of unknown ori~ and adult cases that resemble infant botulism
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(Hauschild, 1989).

Botulism is a rare fonn offoodhome disease but its occurrence causes great concem

because of its life-threatening nature. The onset ofsymptoms usually occurs 18-36 hours

after the toxie food is eaten but May not appear for up to 8days (Kvenherg, 1991). The early

indications ofbotulism intoxication are lassitude, weakness and vertigo followed by double

vision and paralysis of the neck muscles which cause difficulty in speech and swal1owing.

Symptoms become more severeand progress downward through the body. Eventually, the

victim bas difficu1ty breathing because ofparalysis ofthe diaphragm and chest muscles, and

must he ventilated to breathe ordeath from asphyxia will resull The toxic dose ofbotulism

[oxin is very smalt. A few nanograms of the toxin are sufficient to cause symptoms.

Botulinal toxin causes severe and prolonged neuromotor impairment that may he permanent

(Kvenberg, 1991). It is for this reason that antitoxin should he administered quickly to

neutralize the effect.

c. botulinum is ubiquitous in the natura! environment and can he found in ocean

sediments as weil as in animal, bird and 6sh intestines. However, it is found mainly in soiIs

and sediments. [t is described as a soil organism and the types ofC. botulinum round vary,

depending on location. C. botulinum type E bas been frequently shawn as a contaminant of

seafood and is primarily of marine origin. This type has been isolated from a number of

coastaI areas and from various seafood species (Eklund and Poysky, 1965, 1967; Nickerson

et al., (967). The types ofhotulism are divided quite well geographically. Type A botulism

is the main cause ofoutbreaks in the western United States. China and Argentina. Type B

botulism is associated with outbreaks in Europe, while type E botulism occurs in northem

Ja~ Alaska,C~ tegions ofRussiaand Iran. The reasons for this distribution are not

well understood. However, type A grows well in neutral to aIka1ine soil with loworganic

conten4 whichexpl~ its absence in the highlycultivatedsoils ofthe eastem United States

and Europe. Type E is round in northem regions due to its tolerance for low temperatures.



• 1.5.4.1. Faetan inOueDcing growth of c: bot"lin"m

36

•

•

The nutritional requirements forC. botulinum are complexand include several amino

acids~ growth factors and minerai salts. Theorganism graws best in rich organic medi~ such

as Meal However~ in the absence ofcompeting microorganisms~ it can grow in relatively

poor medi~ such as fruits and vegetables (Sofas et al., 1979). It is therefore important ta

consider the growth of C. botulinum in any food unless inhibitory factors are present. The

factors affecting the growth ofC. botulinum and toxin production in foods are temperatures,

pH~ ~ gas atmosphere~ food additives and the background microtlora. The organism

responds differently to each factor~ and acombination offactors is more inhibitory than one

tàctor alone.

Proteolytic strains of C. botulinum have a minimum growth temperature of 10°C.

while the lower limit for non-proteolytic strains is 3.0°C in optimal growth conditions

(Hauschild, 1989; Graham et al., (997). The upper temperature limit for proteolytic strains

is between45-S00C, and theiroptimum growthtemperature is-40°C. Non-proteolytic strains

have their upper temperature limit of-40°C and an optimum growth temperature of-300C.

C. botulinum type Espores have been shawn ta germinale rapidly at sooe (Greezand Arvay,

1982).

The minimum pH for growth ofproteolytic strains ofC. botulinum ranges from 4.6­

5.0, while the minimum pH for growth ofnon-proteolytic strains is -5.0 (Hauschild, 1989).

However, it was discovered that pH alone was not a good indicator of growth and toxin

productio~ panicularly in high protein substrates. The upper pH limit for growth and toxin

production by C. botulinum was reponed to he between pH 8-9.

Water activity_(a.) plays a key mIe in the growth ofaIl microorganisms, and the

minimum inhibitory a. is dependent on the type ofsolute. For foods or media containing

NaC~ the minimum a. for growth ofC. hotuIinum is 0.94-0.96 for types A and 8~ and 0.97
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for type E (Baird-Parker and Freame, 1967). Similar results were obtained ifKCl, glucose

and sucrase were used as humectants. Glycerol, on the other band, reduced the minimum

~ by up to 0.03 units. For tyPes A and 8, the limiting 8w is then 0.93, while for type E~ it

was 0.95. C. bOlulinum spores are capable ofgerminating at 3w IeveIs as lowas 0.89 under

otherwise optimal conditions.

Although C. botulinum is classified as an anaerobic microorganism, it is possible for

its growth ta occur in foods that are exposed ta oxygene This is due ta the redox potential

(EJ, which is related to the oxygen concentration present within the food or the media. A

high Eh is due ta the presence of oxygene C. borulinum cannot grow in foods with an Eh

above +30-150 mV, however spores are capable of germinating at an Eb of+414 mV. If

other inhibitory factors are present, the upper Eh level for growth would he lowered. Sperber

(1982) showed that most foods exposed to oxygen have an Eb low enough to support the

growth ofC. bolUlinum. Many studies have shown the ability of C. bOlulinum to produce

toxin in bothaerobic and anaerobic conditions (Christiansen and Foster, 1965; AjmaI, 1968;

Sugiyama and Yang., 1975). The use ofvarious gas atmospheres bas been round ta prevent,

promote or have no effect on C. bOlUlinum spores, depending on the various gas mixtures.

1.5.4.2. c. botlilinum in food

•

c. botulinum was first recognized and associated with food poisoning by van

Ermengem in the 1890's, and since the~ therehave beenover 16.000 cases ofbotuli~ with

more than 2,700 fatalities (McClure et Ql.~ 1994). C. botu/inum bas been associated with a

variety offoodproducts, including fis~ Meat, poultry, fruits and vegetables. Outbreaks have

also occurred inotherproduets suchascheese. Botulismwas originallyoolyassociatedwith

Meat produ~ as den~ted by its name wbich is derived from ~botulus', the Latin ward for

sausage. However, its occmrence inMeats is rare compared to its occurrence in~ and in

fruits and vegetables. It is widespread in the environmentand thus increasing its probability
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ofbeing found in the food supply. Although the incidence of C. botulinum in the food

supply is reIatively low, it is recognized as a serious public health hazard due to its high

monality rate.

The level ofcontamination in Meat and Meat products by C. botulinum is relatively

low compared to 6sh and fish products. This is due to the fact that contamination on the

farm is lower than in aquatic environments. It bas been shown that animais themselves can

he carriers of C. botulinum spores, which would result in internai contamination of Meat

(Lucke and Roberts, 1993). Nearly ail toxin types isolated from Meat are either type Aor B.

c. bolulinum contamination in tishoccurs as a result ofexposure both hefore the tish

is harvested orduring processing. The contamination before harvest is due to the fact that C.

borulinum spores are found frequently in the aquatic environment ofthe fish. C. botulinum

type E is the MOst prevalent type of C. bOlUlinum found in the environment except in

southern Califomia. where type A predominates (Peltroy et al., (982). The majority of

botulism cases involve C. botulinum type E spores. Seafood heId under refiigeration

temperatures above 3.0°C can support the growthoftype Eorganisms (Schmidtetal., 1961).

Sînce C. botulinum type Ecao growat Iawtemperatures, refrigerated storage is not a barrier

ta its outgrowth and May, in faet, enhance the competitive capability ofthis straÎn.

The level ofcontamination ofC. botu/inum in fruits and vegetables may vary due to

different agricultural practices~ such as the use ofmanure fertilizer. Fruits and vegetables

harvested from the soil are more susceptible to contamination. Produets associated with c.
boculinum include asparagus,~carro~ celery~ ca~ lima~olive~ potato~ tumip,

apricot, cherries and peach. Approximately equal numbers ofC. botulinum type A and B

spores were detected (Meyer and Dubovsky, 1922).

The incidence ofC. bOlUlinum spores in dairy produets is very low «1 sporeJliter)

(Collins-Thompson and Wood, 1993). Althaugh the number of botulism outbreaks in
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cheeses is aIso low, there is concem since thereduc~ fat, high moi5ture and low saltcheeses

couId support the growth ofC. bolu/inum. There bas beenvery linIe workdone to determine

the level ofcontamination of clairy products.

The presence of C. botulinum spores in food is not ofgreat concem to adults since

the intestine of adult is already colonized with the nonnaI digestive microt1ora, which

prevent C. botulinum spores frOID germinatingand subsequently producing tarin. However,

spores in infant foods pose a greater hazard because the spores are able to colonize the

infant's intestine, particularly those less than 1yearofage, ta produce toxin and cause infant

botulism. Honey is ofprimarily conc~ since it May contain C. botulinum spores. Type

A spores were most common but type B, C and 0 were aIso found in a few samples

(Sakaguchi, 1979).

The largest problem worldwide remains foods preserved in the home, whether from

home canning, home curing or home fermentation. The food product must receive a

treattnent that is lethal or at least inhibitory to vegetative hacteria cells.. to aHow successful

competitio~ growth and toxin production of C. botulinum. Inadequate processing is the

chiefcause of this selective process an~_~an happen in severa! ways. Law heat treatments

that are intentional or accidentai are the primary cause of this failure. For intoxication to

develop, the product must he served without an adequate preparatory cooking step before

eatingsince the preformed toxins are inactivatedat600C within 5minutes (Sakaguchi, 1979).

A fermentation or acidification process that operates at a pH range above 4.6 or a brining

process with lowsalt levels also can allowsurvival and growth ofC. bolU/inum. Wrth these

conditions in place~ the surviving spores then germinate and multiply given the proper

circumstances~ ultimately making the product taxie.
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The majority of food preservation techniques were designed with C. botulinum in

mind. Control ofC. botulinum implies control ofother Pathogenic organisms present in the

food product since it is the most heat resistant pathogenic organisme In most cases., C.

bOlulinum is controlled by inhibition rather than destruction (Hauschil~ 1989). There are

a number ofways to prevent the germination ofC. botulinum spores, and they are dePendent

on the type offood product. Methods to control the growth ofC. botulinum in foods include

thermal processing~ Iow temperature preservatio~ irradiatio~ nitrites and reduced aw.

ThermB:! processing is the most common method offood preservation. The process

is designed ta kill C. botulinum spores ofgroup 1, Le., proteolytic straïns, since those are the

MOst heat resistant. The thennal death time (D-value) required to eliminate 90% of the

population at a given temperature varies among different strains of C. botulinum. Type A

and B spores are the most heat resistant, and have 0121
0
C values in the range of 0.1 to 0.2

minute. This D-value of02 minute al 121°C bas been adopted as a standard for the food

industry~ and is used when calculating thermal processes. The z-value~ which is the

temperamre change necessary to bring about a tenfold change in the D-value~ is -10°C and

varies slightly among straïns. Group II C. botulinum strains~ i.e., non-proteolytic strains~ are

less heat resistant than group 1strains. However~ their survival in pasteurized, refrigerated

food products or minimally processed food produets are ofconcern because oftheir ability

ta grow at remgeration temperatures (Dodds, 1994).

The resistance ofbotulinal spores to ionizing radiation bas been studied extensively

due to the promising effect ofgamma irradiation sterilization. C. bOlUlinum spores are one

ofthe MOst radiation-resistant spores ofpublic health concem (Dodds, 1994). D-values of

proteolytic strains al :500C to -urc are in the range of 0.2-0..45 Mrads (2.Q-4.S kGy)

(Dempster, 1985). In the broad range of-2000C ta 500Ct D-values decrease progressively

by-1 kradf'C. Dependingonthe irradiationenvironm.en~ D-values generallyincreaseagain
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with increasing temperature, starting at about 200C (Greez et al., 1971). It bas been sbown

that C. bOlulinum type E spores are only slightly more sensitive to gamma irradiation than

proteolytic strains ofC. botulinum. The D-values forC. botulinum type Esporesare between

0.1-0.2 Mrad (Erdman et al., 1961).

Nitrite is the most common preservative used to control the growth ofC. bolu/inum.

It is capable ofinhibiting spore germination incertainspecific laboratory media, butat levels

permitted in food, it does not entirely inhibit spore germination. The exact mechanism of

botulinal inhibition by nitrite is still unkno~ however, nitrite acts by reacting with iron­

sulphur compounds, such as ferridoxin, to produce iron-nitric oxide complexes. These

complexes in tom interfere with energy metabolisms. Nitrite also inhibits the

phosphoroclastic syste~ which involves conversion of pyruvate to acetyl phosphate,

electron transfer and ATP formation (Hauschil~ 1989). Nitrite delays but does not prevent

botulinal outgrowth and toxin production in food products. The effectiveness of nitrite

depends primarily on the depletion rate ofnitrite, as weIl as the death rate ofthe spores that

have germinated (Christianse~ 1980). The depletion rate is dependant on product

fonnulation. pH~ time and temperature during processing and storage (Fox and Nicholas.

1974). Otherpreservatives employed tocontrol the growthofC. botulinum in foods include

sarbic acid. parabens, phenolic antioxidants, polyphosphate~ ascorbates and smoke.

Bacteriocins bave been shown to inhibit C. bOlUlinum in a variety offood products.

These baeteriocins come from a variety ofsources, particuIarly lactic acid bacteria. Straîns

found to produce bacteriocins inhibitoryto C. botulinum includePediococcuspentosaceous,

Lactococcus lactis subsp. /actis, Lacrohacillus acidophillus and Lactobacillus planlanlm

(Okereke and Montville, 1991~b).. Nisi~ a bacteriocin produced by L laccis subsp.lactis,

bas been shown to he an effective anticlostridial agent in many foods, particularly clairy

produet(Burst, 1981).._However, the applicationofnisin to Meat produets as anantibotulinal

agent is less promising since the activity of nisin increased at reduced pH levels. Nisin

tteatmentofcod, herring and smoked mackerel tilIets, inoculated with C botulinum spores,
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resulted in a delay in toxin production (Taylor et al., 1990). However, in all samples,

toxigenesis preceded spoilage. Sub~ a bacteriocin produced by certain strains of B.

subtilis, was a1so capable ofinhibiting growth ofC. borulinum (Jay, 1983). Il is promising

due to the fact that it is stable in acidic environments as well as being heat stable.

The growth ofother microorganisms in the food May a1so prevent the growth ofC.

botulinum by ehanging the environment or by producing inhibitory substances. Lactie acid

baeteria have beenshawnto produeeaeid, and inhibitC. botulinum inMeat products (Tanaka

et aL, 1980, 1985). Other inhibitory substances produeed by Baeillus licheniformis, C.

perfringens and Enrerococci are also capable ofinhibiting growth orc. botulinum (Wentz

et al., 1967; SmitlL 1975; Kafel and Ayres, 1969).
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1.6. Formulation of Va1ue-Added Seafood Products

In North America,. eonsumers are accustomed to the fillet type oftexture in MOst of

their fish products. Produet5 made from minced fis~ e.g.y fish sticks have a softer texture

but eommand a lawer priee than produets made from fish flUets. However, high quality

minced fish preparations have a tou~ rubbery texture, which apart from its use in shellfish

analogues, could he reformulated to appeal to North American taste. Due ta its excellent

water binding capacity, minced fish ean he made into breaded and battered tish products.

Mince ofrainbow trout processing wastes or trimmings was used throughout the study.
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A local seafood producer Via-Mer (St-Hyacinthe, Quebec, Canada) bas addressed

concerns about the disposai ofrainbowtrout processing wastesltrimmings and demonstrated

an interest in converting the otherwise wasted material into profitable value-added products.

However, to date, few research groups bave focused on the use offish processing wastes to

formulate value-added products. Funhermore, with increasing energy costs associated with

freezin~ which is the common storage method used for value-added food products, and

consumer demands for ··near-fresh" quality food products, MAP is considered a promising

alternative in extending the shelf-life of the produets. Consequently, it is essential to

optimize the various storage and packaging environments without compromising the safety

of food produets.

• The specific objectives of this research were as foUows:

(1) Ta fonnulate good quality, consumer acceptable and commercially viable value­

added products using rainbow trout processing wastes or trimmings.

(2) Ta determine the physical. chemical~ microbiological and sensory changes ofMAP

value-added trout produets.

(3) Ta determine the public health safety of MAP value-added trout products in

challenge studies with Listeria monocy1ogenes and Clostridium botulinum type E.

•
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CHAPTER2:

FORMULATION OF VALUE-ADDED TROUT PRODUCTS

2.1. Introduction

Due to the increasing concems about dumping of 6sh processing wastes and

dwindling of 6sh stocks, the seafood processing industry is constantly searching for

alternative uses of 6sh processing wastes and underutilized fish species. lnterest in the

recovery and utilization ofminced fish tlesh increased dramatically during the early 1970s

(Babbit4 1986). When flUets are prepare~ pieces ofprime quality fish flesh remain on the

bone rack. These racks are available for further processing, specifically mincing. Production

ofminced 6sh flesh offers severa! advantages over the more conventional means ofusing

seafood: (1) provides a higher yield; (2) permits use of filleting waste and nontraditional

species; (3) easy incorporation with other foodstuffs to increase nutritional aspects and

palatability; (4) cost is failly minimal; and (5) it is a simple process requiring no special

skills and a very short processing time (Bligh and Duclos-Rendell, 1986).

VaIue-addition is essentially the process oftuminganotherwise wasted maleria! into

profitable food products. The unique texture-fonning properties ofminced fish make it an

excellent base for manufacturing value-added seafood tailored ta the requirements ofa wide

range ofconsumer interests. The convenience ofvaIue-added seafood products is gaining

popularity in industrialized countries.

The objective of the initial phase of this study was ta formulate good quality,

consumer acceptable and commercially viable value-added trout products, using traut

processing wastes or trout trimmings. The use ofprocessing wastes/trimmings, instead of

actual trout tles~ coo.ld be a tremendous economic advantage to the seafood processing

industry since it utilizes lowcast raw material and addresses concems about the disposai of

processing waste.
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2.2.1. Materials used in Product Formulation

The main ingredient in the formulation of value-added trout products was trout

mince. Trout mince was made from trout processing wastes or trimmings, and was obtained

from a local seafood producer, Via-Mer, St-Hyacinthe, Quebec, Canada. Whole trout was

first deheaded and gutted. After ftlleting, the frames and trimmings were passed through a

deboning machine ta remove bones, skin and connective tissues. Trout mince was then

obtained and frozen until use. The unit operations in the production of traut mince are

shown in Figure 2.1. Ali ather ingredients used in the formulation ofthe value-added traut

products (Table 2.1) were obtained from local supennarkets, with the exceptionof spice mix

wrnch was obtained from McConnick Canada Ine., Mississaug~ Ontario, Canada (code:

97361-00).

2.2.2. Formulation oCValue-Added Trout Products

A total of seven different fonnulations were made: trout balls~ trout bites, trout

burgers~ trout croquettes, trout paocakes, traut puffs and trout wontoDS. The recipes for each

fonnulation were obtained from severa! cookbooks (TIME.LIFE Books, 1979; Howarth,

1983; Canadian Depanment of Fisheries, 1959; Punyasin~ 1992). These recipes were

selected on the basis oftheir (l) ease ofpreparatio~(2) suitability for large seaIe production

using available equipment, and (3) appeal ta bath North American and Asian tastes. They

were modified to use trout mince as the main ÏDgredient while the spice mix (McConnick

Canada Inc.) was used as a substitute for MOst spices in the recipes. The appropriate levels

ofthe various ingredients used in these formulations are summarized in Table 2.2.
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Trout mince was defrosted hefore mixing. The appropriate amounts oftrout mince

and all other ingredieots for each formulation were mixed together until blended uniformly.

The actuallevels ofthe various ingredients used in the productionofthe various value-added

trout products are shown in Table 2.2. Each fonnulation was fonned into its desired shape

and coated when necessary with either breadcnunbs~ crushed comt1akes or wonton covers

(Table 2.3). AlI fonnulations were deep fried in vegetable ail at 1400C for 2-8 min (Table

2.3), with the exception of trout pancakes which were pan-fii~ ta give products a golden

brown color. Cooked products were then plaeed on paper towels and drained ofexcess ail

for 2 min prior ta sensory evaIuation.

2.2.3. Evaluation Procedures

Ali prepare~ fully cooked value-added trout products were evaluated by 20, oon­

smoking untrained panelists in asensory evaluation room. Panelists were asked ta assess the

overall quality of each product based on product appearance, odor and taste and to vote

-like~ or "dislike~ for each produet. Ali products were evaluated in a random manner and

panelists were asked to rinse their mouth with water prior to testing eaeh produet.

2.2.4. Proximate AnalysÎS

A complete proximate analysis and the calorie value of traut burgers and trout

wontons was performed by Bio-La1onde Laboratories (DivisionofSGS Canada Ine., Pointe­

Claire, Quebec, Canada).
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1Whole traut 1

1 Deheadingt gutting 1

1 Waste (heads and guis) 1· .
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• Rllets

Filleting

1Frames and trimmings 1

1 Debaning 1

1Traut mince 1

•

Figure 2.1: Unit operations in the production oftrout mince.
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Table 2.1: Ingredients obtained from local supermarkets and used in the fonnulation of

value-added trout products.
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Ingredient

Cayenne pepper

Comflakes

Dehydrated onion flakes

Egg

Fresh onion

Fresh potatoes

Garlie powder

Ground white pepper

Homogenized milk (3.25%)

lnstant mashed potato

Lemon juiee from concentrate

Mild cheddar cheese

Minute oats

Parmesan grated eheese

Plain breadcrumbs

Soyasauee

Table salt

Vegetable ail (canola)

White ail purpose flour

Wonton eovers

Company

McConniek Canada Ine., London, Ontario

Kellogg Canada Ine., Etobieoke, Ontario

McConnick Canada Ine., London, Ontario

Briska Ine., Montreal, Quebec

Etheir & Freres Ltee, Mirabel, Quebec

Provigo Distribution Ine., Montreal, Quebee

McCormick Canada me., London, Ontario

MeCormick Canada Ine., London, Ontario

Parmalat Canada, Montreal, Quebec

General Mills Canada Ine., Mississaug~ Ontario

Borden Foods Canada, Etobicoke, Ontario

Kraft Canada Ine., Don Mills, Ontario

Robin Hood Multifoods Ine...Mar~ Ontario

Kraft Canada Inc., Don Mills, Ontario

Pastene Ine., Montreal.. Quebec

V-H Foods.. Laval., Quebec

The Canadîan Salt Company Ltd.~ Pointe-Claire,

Quebec

Procter & Gambie Ine., Toronto, Ontario

Les Cuisines Five Roses Kitchens, Montreal,

Quebec

Les Aliments Wang Wing Foods Ine., Montreal,

Quebec
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T.ble 2.2: Levels of various product ingredients (granls) used in the mixtures for individunl fonnulntions.

Ingredient Trolll halls Trolll hites Trolll hllrgers & Trou. Trou. paneakes Trou. putTs

wonlons croquettes

Trout mince 500 350 500 500 550 400

Breadcnlmbs 275
Cayenne pppper 0.1 - 0.4

Cheddar cheese - - - 60

Dehydrated onion Oakes - - 50
Egg (beaten) 100 .. 50 50 100 50/50·

Flour .. 20 .. - 22
Fresh onion (chopped) - .. .. 30 100
Fresh polaloes (grated) - .. - .. SOO

Oarlla powder 4 - 16

Lemonjuice .. - - 30

Mashed potato 250 - .. 120 .. 350

Milk .. 50
Dais - .. 100

Pannesan cheese 55

Salt 2 5 - 5 12 15

Soya sauce .. 2 28

Spicc mix .. 15 50 25 2S 2S

Vege'able oil (canola) .. 11 .. 23

White pepper 0.5 - 3 - .. 0.4

• 50 S of egg yolk and egg white (henten stiff) eneh.
Ut
0
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Table: 2.3: Specifications ofvarious trout product formulations.

Speeifieation Troll. halls Troll' hi'es Trou. Trout Trout Troll' puffsl Trout,
blirGers2 croquettes pancakes wontons"

Weight of mixture (g) 10 10 75 20 40 30 10

Shape Dall Bali PaUy Patty Pauy Pouy NA

Batter'
+

Coaling No Brendcn.mbs Cornnakes Breadcnlmbs No No Wonton

cover

Cooking method Deep fry Deep fry Deep fry Deep fry Pan-fry Deep fry Deep fry

Cooking lime (min) 2 2 5 2 3 (each side) 3 8

NA: Not applicable

1 Mixture of 50 g egg, 75 g nour and 120 g watcr.

:1 Trout burgers were dipped into batter before coating with thin layer ofcnlshed comflakes.

3 Beaten egg white was folded ioto the mixture ufter mixing 811 other Ingredients.

.. Edges of wonton cover were folded together with olixture placed in the center of the wonton cover.

Ut...-
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2.3.1. Formulation ofValue-Added Trout Produds

This research investigated the potential use ofseafood processing waste as a source

of raw materia! for consumer acceptable products. The study was aimed at using rainbow

trout processing wastes for the development ofvalue-added products. Photographs of the

7 different formulations made: trout balls, trout bites, traut burgers, traut croquettes, trout

pancakes, trout puffs and trout wontons are shown in Figures 2.2 to 2.8. AlI fonnulations

could he easily made from readily available Îngredients and formed using standard

equipment for mass production. These products were designed to he beat and serve,

convenient ready-to-eat Meal solutions and snack food products. AIl products could he

prepared within 10 minutes from refrigerator to table and could he cooked in the oven..

microwave~ deep fiied or pan-fried. The quality of reheated products after freezing

remained sunHar to freshly made products.

2.3.2. Product Evaluation

The results ofproduct evaluation are summarized in Table 2.4. It is evident from

Table 2.4 that the majority ofpanelists like these products in the following arder: wontons

> burgers > croquenes/pancakes > puffs > bites> balls.

Tmut halls had a Dice appearance but the mashed patata in the recipe resulted in a

soft texture, which was considered unacceptable bymostofthe panelists. The breadcmmb

coating on traut bites gave them a Dice mouth feel. However~ the produets did not bave an

attractive appearance_and they were bland in tlavor. The texture oftroutputTs was regarded

as tco soft and the taste was tao saity-. Their soft texture was attributed to the folding in of

the beaten egg white during formulation. 80th trout croquettes and trout pancakes scored
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highly (70% ofpanelists liked the products). Trout croquettes had a distinct taste because

they contained cheddar cheese, which contributed to their high score. Trout pancakes were

aIso highly acceptable with favorable appearancey odorand taste. The grated fresh potatoes

used as one ofthe main ingredients provided a cnmchy mouth feel to the product.

Out of all the formulations, trout burgers and trout wontons were the two which

scored the highest with 85% and 95% ofpanelists voting 64like" respectively. The same raw

mixture was used for both trout burgers and trout wontons, nonetheless, the tinished

products, after additional coating and subsequent cooking, had their own distinct taste and

uniqueness. Trout burgers had a firm meaty texture. Their highly rated taste was

accompanied by the crispy crushed cornflakes coating. This combination made the trout

burger a likely product to he used as a meat burger replacement. Trout wontons were rated

the highest due to their appetizing odor, crispy wonton crust and tasty filling. The golden

bro~ flowery shaped finished produets were very appealing to the panelists. Another

favorable attnDute was the convenience ofthe products for consumption. They could easily

he reheated and served as snack food.

At present. there is no identifiable product found onthe shelvesoflocal supermarkets

that resembles the formulated trout burgers and wontons. Neither seafood burgers nor

seafood wontons are marketed. Similar value-added seafood products, such as banered and

breaded seafood or fish sticks, are made from expensive raw materiaIs, thus making these

products fairly expensive. The cost of making both trout burgers and wontons was only

-$OJO/I00 g ofproduct Hence, these produets would not only provide the consumer with

a wider range ofchoice but aIso he competitively priced when compared to similaravailable

value-added fish produets.
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Value-added trout producu Evaluation (%)

"'Like" "Dislike'~

Troutballs 40 60

Trout bites 50 50• Trout burgers 85 15

Trout croquettes 70 30

Trout pancakes 70 30

Trout puffs 65 35

Trout wontons 95 5

•
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Figure 2.3: Photograph oftrout bites•
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Figure 2.4: Photograph oftrout burgers.
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Figure 2.6: Photograph oftrout pancakes.
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Figure 2.7: Photograph oftrout puffs.
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Figure 2.8: Photograph oftrout wontons.
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2.3.3. Promnate ADalysis

The results of the proximate analysis on the MOst desirable produets, i.e... trout

burgers and wontons, and their calorie values are shown in Table 25.

Trout burgersandwontons had simiIarashand proteincontents, i.e.~ -2%. However,

these two produets differed with respect to theirmoisture, carbohydrate and fat contents. as

well as calorie values. Trout burgers tasted moist due to their higher moisture content than

trout wontons. However't trout wontons had a highercarbohydrate and fat contentcompared

to trout burgers. In fact, the fat content of trout wontons was approximately twice tbat of

trout burgers. This was attributed to more ail being absorbed by the wontons' pastry cover

compared to the burgers' crushed comflake coating, resulting in wontons having a higher

calorie value. However.. the proximate analysis and calorie values of these produets was

similar to previous made value-added shrimp nuggets (Lyver, 1997) and to commercially

available vaIue-added seafood products.
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Table 2.5: Results of proximate analysis on trout burgers and trout wontons (g/lOO g of

product).

Component Trout blll'len Trout wODtoDS

Moisture 40.1 18.3

Ash 2.9 1.9

• Carbohydrates 29.6 40.8

Fat 135 27.5

Protein 13.9 lL5

Calories1 295.5 456.7

1 Unit: calories/100 g product

•
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This study has shawn that good quality, consumer acceptable and commercially

viable value-added trout products can he made using trout mince from trout processing

waste. Sensory scores indicated that these fonnulated value...added products were highly

acceptable and had tremendous market potential. The value-addition ofseafood processing

wastes could he a viable option ta eosme the long tenn sustainable management of fishery

resources~ as weil as reducing the volume of seafood processing waste produced by the

seafood industry. Since trout burgers and trout wontons had the highest acceptability scores

amongpaneli~ these two value-added troutproducts were selected for subsequentshelf-Iife

and safety studies.



•

•

•

65

CHAPTER3:

SHELF-LIFE STUDIES

3.1. Introduction

A problem facing the seafood processing industry is the method of storage and

distribution of products. To date~ freezing is the main method of long term storage (>6

months) to ensure quality and to extend shelf-life ofvalue-added food products. However,

with increasing consumer demands for '1resh" produets, and increasing energy costs

associated with freezing and frozen storage, modified annosphere packaging (MAP) is one

of the most promising alternative methods for enhancing the shelf-life, quality, safety and

marketability offood products while al the same time economizing the energy costs. Three

commonly used MAP methods by the food industry to modify the gas atmosphere within a

packaged produet are vacuum packaging, gas packaging and the use of oxygen absorbent

technology. However. thesuccess ofMAP technologydepends on strict temperature control.

Temperature abuse of MAP products could reduce shelf-life as weIl as compromising the

safety ofthese products.

The objectives ofthis study were to (i) investigate the potential ofMAP ta extend the

shelf-life of value-added trout produets and (ü) to monitor the physical, chemical,

microbiological and sensorial changes in these MAP products at refrigerated temperature

(4°C) and mild temperature abuse (12°C) storage conditions.
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3.2. Material and Metbods

3.2.1. Preparation ofTrout Hurgen

The formulation oftrout burgers was as descnDed in Section 2.2.2. The trout burger

mixture (75 g) was molded into a pany of 10.5 cm in diameter and 5 mm in height The

pany was then battered and coated with a thin layer of crushed comflakes. Two types of

trout burgers were made: partially cooked and fully cooked trout burgers. Partially cooked

burgers were deep fried in vegetable ail at -140°C for 2 min to set the batter, whereas fully

cooked burgers were deep fried for 5 min. After cookin~ the trout burgers were drained on

paper tawels ta remove excess ail, and then cooled ta roam temperatw'e (-2IGC) priar to

packaging. The total weight ofeach trout burger ranged from 110 to 120 g.

3.2.2. Preparation ofTrout WontoDS

The tbnnulation of trout wontons was as described in Section 2.2.2. The trout

wonton mixture ( lOg) was placed on a 7.5 cm x 7cm wonton cover. The edges ofthe coyer

were gathered and folded to wrap the filling in the centerofthe pastry. Edges ofthe "lonton

pastry were then lightly pressed ta slightly seal the apening. Two types of trout wantons

were made: rawand fried trout wantons. Raw wontons were uncooked. Fried wontons were

deep frierl in vegetable oil at -1400C for 8 min. After cooking, the trout wontons were

drained on paper towels ta remove excess oil, and then cooled to room temperature (-21OC)

prior to packaging. The total weight of individual trout wontons was -18 g.
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3.2.3. Packaging of Samples

Partially/fully cooked trout burgers (1 per bag) and raw/fried wontons (2 per bag)

were paekaged in 210 mm x 210 mm high gas barrier bags (On: 11.6 cclm2/day at 24°C,

0% relativehumidity (RH); Cryovac SealedAirCorporatio~ Mississaug~ Ontario, Canada).

Samples were packaged under the following conditions: air, air with an Ageless SS-200

oxygen absorbent (Mitsubishi Gas Chemical American Inc., New York, New York, United

States), 60% and 80% CO2 (balance NJ. Air packaged samples were sealed using an

lmpuIse Heat Sealer. Ageless S5-200 oxygen absorbents were inserted into the appropriate

bags which were then sealed as described previously. Gas packaging was done using a

chamber type. heat seaI packaging machine (Model AJOO/42, Multivac lue., Kansas City,

Missouri., United States). A Smith's proponional gas mixer (Model 299-028, Smith

Equipment Divisio~ TescomCorporation, Minneapolis, Minnesota, UnitedStates) was used

ta give the desired proportions of O2, CO2 and N2 in the package headspace. Duplieate

samples ofeach packaging conditions were stored at 4 and 12°C and monitored for physical.,

chemica1., microbiologica1 and sensorial changes after0, 3, 7, 14,21 and 28 days until shelf­

life ofsamples was terminated.

3.2.4. Headspace Gas ADalysis

Samples were analyzed for headspace gas composition using a previouslycalibrated

Servomex portable 0/C02 analyzer (Model 145083, Servomex Company Inc., Norwood.,

Massachusetts~ United States). Gas samples were withdrawn from each bag~ through a

silicone septmn affixed to the exteriororthe bag~ with a gas-tight pressure-Iock syringe and

needIe that was connected to the gas analyzer. Measurements were taken when gas samples

were pumped throu~ the analyzer.
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3.2.5. Mierobiological Analysis

Samples were evaluated for total aerobie plate eount (APC), lactie acid baeteria

(LAB), aerobic and anaerobic sporecounts ateaehsampling time. Fortrout burgers, samples

were aseptieally eut in half. One halfwas used for microbiologieal testing and the otherhalf

was used for sensorial testing. Thirty grams ofeach balfburger, and one wonton from each

bag were aseptically transferred into astomacher bag and 0.1% (w/v) sterile peptone water

(Difco Laboratories, Detroit, Michig~ United States) acided to give al:10 dilution. Each

bag was stomached for 1 min in a Stomaeher 400 LabBlender (AJ. Sewar~ Bury St

Edmunds, United Kingdom). One ml ofthis suspension was aseptica1ly transferred into 9

ml of0.1% sterile peptone water, to give al:100 dilution. Subsequent dilutions were canied

out as required to give eountable plates. The media and the methodology used for

enumerating the various types of microorganisms are summarized in Table 3.1. For all

counts, 0.1 ml of the appropriate dilution was plated in duplicate using a spread plate

technique. Plates were incubatedaerobically with the exceptionofLAB andanaerobic spore

cOUDts which were incubated anaerobically using anaerobic Jars (BBL Microbiology

Systems.. Becton and Dickenson Co., Cockeysville, Maryland, United States). Ail plates

were incubated at 35°C for 48 hours. Spores" bath aerobic and anaerobie, were detennined

by tirst heat shocking the appropriate dilutions at 75°C for 20 min. Countable plates (30-300

colonies) were reponed as log,o Colony Forming Unit per gram ofsample (log CFU/g).

3.2.6. pH MeasuremeDt

The pH ofeacn nomogenized samples was measured using a previously calibrated

(buffer solutions of pH 4 and 7, Fisher Scientific~ N~ Ontario, Canada) Coming pH

meter (Model 220, C_oming Glass Works, Comin~ New Yo~ United States) with a gel

tilled polymer body combination electrode with AgiAgCI reference (Model 13-620-104~

Fisher Scientific, Montreal, Quebec, Canada). The electrode was inserted directly into the
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suspension ofstomached samples (1:10 dilution) after microbiological testing procedures

were completed. Analysis (in duplicate) was carried out at each sampling time.

3.2.7. Sensory Analysis

.AJI samples were evaluated subjectively for color~ texture~ odor and overall

acceptability under fluorescent light at each sampling time. Each parameter ofthe sensory

analyses was evaluated by 6 untrained panelists on coded samples in a random manner. A

7-point hedonic seale (7 = Extremely desirable~ l = Extremely undesirable)~ described by

Greer (1993) was used (Table 3.2). Foreachattribute, aseore of<3.5 was considered to he

unacceptable, implying that shelf-life was terminated.
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Table 3.1: Outline ofmicrobiological analysis performed on value...added trout produets.

Organism Medial Supplier Method Incubation

time

(hour)

Mesophiles (APC) TSA Difeo Spread 48

• Lactie acid baeteria MRS Difeo Spread 48

Aerobic spores TSA Difeo Spread 48

Anaerobie spores TSA Difeo Spread 48

t TSA: Tryptic Soy Agar; MRS: DeM~ Rogosaand Sharp agar

Note: AIl samples were incubated at 35°C

•
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Table 3.2: The 7-point hedonic sensory perception scale used in the study (Greer, 1993).

Score Desirability

7 Extremely desirable

6 Desirable

• 5 Slightly desirable

4 Neither desirable Qar undesirable

3 Slightly undesirable

2 Undesirable

Extremely undesirable

•
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3.3. Results and Discussions

3.3.1. Headspace Gas Analysis

AIl samples showed similar trends in headspace gas changes, Le., an increase in

headspace CO! and a decrease in headspace O!. The changes in headspace gas composition

of the packaged samples are shown in Figures 3.1 to 3.16 respectively.

The level of headspace O2 remained fairIy constant «5% decrease throughout

storage) for most samples stored at 4°C (Figures 3.1-3.4), including air packaged samples.

However~ samples packaged with Ageless SS showed significant decrease in their package

headspace O2 to <1% within 3 days since Ageless SS is designed to lower O2 in package

headspace.

Headspace O2 ofair packaged samples stored al 12°C decreased to <5 % in 14 days

for bath partially and fully cooked trout burgers (Figures 3.5 and 3.6) while headspace CO2

increased >20% within the same time period (Figure 3.13 and 3.14). A reduction in

headspace O2 and increase in CO2 is mainly due to the growth ofaerobic and facultatively

anaerobic hacteria. Headspace o:! ofraw and fried wontons stored at 12°C remained fairly

constant (Figures 3.7 and 3.8), including air packaged samples. Sînce the shelf-life ofraw

wonton was tenninated within 7 days (details addressed in Section 3.32.), no signiticant

headspace gas composition change was observed in such shon period of time. However,

headspace O2 in fiied wontons remained stable due to lack ofmicrobial aetivity, which can

he attributed to the cooking process it receiv~

Headspace CO2 forsamples storedat4°C didnothavesignificantchanges throughout

storage (Figures 3.9-3.12). The level orc02 in air and Ageless oxygen absorbent packaged

samples stored at 4°C remained very low. There was slight decrease in headspace CO2 in

bath 60 and 80% COl gas packaged samples due te the dissolution ofgaseous CO2 into the
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aqueous phase ofthe food products. The slight increase in headspace CO! toward the end

of the storage mainly due to the growth and metabolism of both aerobic and anaerobic

spoilage hacteria present in the product

For samples stored at 12°C~ the CO!level in packaged headspace remained stable

with the exception of air packaged samples (Figures 3.13-3.16). The CO2 level of air

packaged partially and fully cooked trout burgers increased to -35% at 14 and 21 days

respectively (Figure 3.13 and 3.14). Similar trends were observed for both raw and fried

trout wonton samples but with lower inereases. The CO! level in raw and fried wontons

increased to Il% (day 7) and 8% (day 21) respectively (Figure 3.15 and 3.16). An increase

ofCO! level in package headspace indicates microbial activity in the products.
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•
~Air -<>- Ageless SS --6:- 6fJ01O C02 --0- 8001'0 C02

Figure 3.1: Changes in headspace O2 ofpartially cooked burgers packaged
under various gas atmospheres and stored at 4°C.
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21 28

•
~Air -0- Ageless SS --Ir- 600Al C02 -<>- 8001'0 C02 .

Figure 3.2: Changes in headspace O2 of fully cooked burgers packaged under
various gas atmospheres and stored al 4°C.
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Figure 3.3: Changes in headspace O2 of raw wontons packaged under various
gas atmospheres and stored at 4°(.
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Figure 3.4: Changes in headspace O2 offried wontons packaged under various
gas atmosphereS and stored at 4°C.
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Figure 3.5: Changes in headspace O2 ofpartially cooked burgers packaged
under various gas annospheres and stored at 12°C..
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Figure 3.6: Changes in headspace O2 of fully cooked burgers packaged. under
various gas atnmspheres and stored at 12°C.
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Figure 3.7: Changes in headspace O2 of raw wontons packaged under various
gas atmospheres and stored al 12°C.
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Figure 3.8: Changes in headspace O2 offried wontons packaged under various
gas atmospheres and stored at 12°C.
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Figure 3.9: Changes in headspace CO! ofpartially cooked burgers packaged
under various gas atmospheres and stored al 4°C.
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YtgUre 3.10: Changes in headspace CO2 of fully cooked burgers packaged
under various gas atmospheres and stored al 4°C..
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Figure 3.11: Changes in headspace CO! ofraw wontons packaged under
various gas atmospheres and stored at 4°C.
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Figure 3.12: Changes in headspace COl offried wontons packaged under
various gas atmospheres and stom! al 4°C..
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Figure 3.13: Changes in headspace CO:! ofpartially cooked burgers packaged
under various gas annospheres and stored at 12°C.
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Figure 3.15: Changes in headspace COl ofraw wontons packaged under
various gas atmospheres and stored at 12°C.
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Figure 3.16: Changes in headspace CO2 ofCried wontons packaged under
various gas atmbspheres and stored at 12°C.
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3.3.2. Microbiological Analysis

The microbiological changes of value-added trout products with respect ta total

aerobic plate count (APC)~ lactie acid bacteria (LAB)~ aerobic and anaerobic spores are

shown in Figures 3.17-3.30.

3.3.2.1. Aerobic plate COUDt (APq

•

•

A total APC of approximately 101 CFU/g ofhacteria in meal and muscle foods is

considered to be the upper limit of microbiological acceptability (Niemand et al., 1981).

Hence. shelf...life of products was tenninated when their APC reached 101 CFU/g.

The APC results for trout burgers and wontons stored at 4 and 12°C are shown in

Figures 3..l7-3.23 respectively. Most packaged products had an initial count of 10" CFU/g

or lower. These caunlS indicated acceptable microbiological quality for processed fish

products (Lyver~ 1997; Yoon et al.~ 1988). This was expected since the trout products were

produced under good manufacturing conditions in the laboratary. The APC ofmast samples

stored at 4°C did not reach l01CFU/g (Figures 3.17 and 3.18) by day 28, with the exception

ofraw wontons. Since the other products were partially or fully cooked prior to packaging.

moS( ofthe vegetative cells would he killed in the cooking process. Any cell which survived

the cookingprocess should he unable to growat refrigeration temperature (4°C). In the case

ofraw wontons~ the initial microbial Ioad was high (2 x lOS CFU/g) prior to packaging since

they were not cooked. At refrigeration storage conditions, the air and Ageless SS packaged

rawwontons only had ashelf-life ofl0days (Figure 3.19). However, the microbial shelf-life

ofraw wontons was extended for another 9 days for wontons packaged in bath 60 and 80%

CO!, Îndicating that tl}e sheif-life ofrawwonton storedat remgeration temperature couldhe

increased using high leveIs ofC02• The results offiied wontons stored at 4°C were not

shown since counts were below deteetable leve~ including air packaged samples.
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When samples were storedundermoderate abuse temperature conditions (12°C), the

shelf-life of products was significantly reduced. MAP was unable to inhibit microbial

growth in MOst products. Partially cooked burgers storedat 12°C ooly bad 3-4 days ofshelf...

life (Figure 320), regardless ofpackaging conditions~ while at 4°C their shelf-life could he

extended to >28 days (Figure 3.17). AlI fully cooked burgers had a sbelf-life of>28 days,

with the exception of air packaged samples stored at 12°C. The longer shelf-life offulLy

cooked burgers was attributed to the use of MAP technology, as weIl as their Low initial

microbialload of<1.5 x 103 CFU/g. The shelf-üfe or air packaged samples was terminated

after 8 days. Raw wontons had only a 2-day shelt:life, regardIess ofpackaging conditions,

when stored at 12°C. The results of fried wontons were similar ta thase for fully cooked

burgers since most microorganisms present in the products could he killed during the

cooking process. AlI fried wonton samples had a shelf-life of>28 days (counts were not

significant enough to he reported) with the exception ofair packaged samples which had a

shelf-Iife of 14 days (Figure 3.23).

3.3.2.2. Lactic acid bacteria (LAD) count!

Changes in LAB counts for different packaging treatments of trout burgers and

wontons stored at 4 and 12°C are shown in Figures 3.24-330. Similartrends in LAB counts

were observed as in APC (Section 3.3.2.1.). The LAB caunts ofpartially and fully cooked

burgers stored at4°C remained fairlyconstant (1<Y-1<t CFU/g) throughout28 days ofstorage

(Figures 3.24 and 325). Raw wontoDS had higher initial LAB counts (-Hf CFU/g) than

thoseoffiied wontons «1.5 x lQ3 CFU/g), partiallyand fullycooked burgers (-1<>3 CFU/g).

Unlike otherproduc~ the LAB counts ofraw wontons stored at 4°C increased with storage

tÏme. The LAD counts in raw wonton on day 14 were highcr in air and Ageless SS tban in

60 and 80% CO! pac~ed samples (Figure 3.26), indicating the inhibitory effect of gas

packaging on LAB growth. The LAB counts offried wontons stored at4°C were tao Iowto

• he recorded (graph not shown).
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Compared to products stored at 4°C, LAB grew fairly weil in samples stored at 12°C.

The LAB counts for partially cooked burgers stored at 12°C increased to 107 CFU/g within

a week (Figure 3.27), regardless ofpackaging conditions. However, LAD counts on fully

cooked burgers, at the same storage temperature, remained stable (Figure 328) throughout

storage. Sunilar to APC, LAB counts in raw wontons stored at 12°C increased significantly

due ta their higher initial microbialload (Figure 3.29). LAB counts ofAgeless 5S and gas

packaged fried wontons were too low to he recorded. Air packaged fried wontons stored at

12°C were the ooly samples offried wontons to support the growth ofLAB (Figure 3.30).

This indicated that LAB grewwell underair, but theirgrowth in these products was inhibited

with the use ofMAP.

Countsofaerobic and anaerobic spore fonning bacteriawere belowdetectable leveIs

in ail rawand cooked products, regardless ofpackaging conditions and storage temperature

(datanot shown). This resuIts weresurprisingsince previous studies on similarvalue-added

seafood products (shrimp nuggets) by Lyver (1997) showed significant growth of both

aerobic and anaerobic spore fonning bacteri~ particularly Bacillus species•

•

•

3.3.2.3. Aerobic and anaerobic spore CODnu
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Figure 3.20: Changes in APC ofpartially cooked burgers packaged onder
various gas atmbspheres and stored at 12°C•



• 87

282114

Time (Day)

7

4

2

O+-----.------,po----.......---...,
o

-0-- Air --<r- Ageless SS -Ir- 60% C02 -0- 80% C02

Figure 3.21: Changes in APC of Cully cooked burgers packaged under various
gas atmospheres and stored at 12°C.
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Figure 3.22: Changes in APC ofraw wontons packaged under various gas
atmospheres ana stored al 12°C•
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Figure 3.23: Changes in APC offiied wontons packaged under air and stored
at 12°C.
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Figure 3.24: Changes in LAB counts ofpartially cooked burgers packaged
onder various gis atmospheres and stored at 4°C•
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Figure 3.25: Changes in LAB counts of fuliy cooked burgers packaged under
various gas atmospheres and stored at 4°C.
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Figure 3.26: Changes in LAB counts ofraw wontoDS packaged under various
gas atmospherei and stored at 4°C•
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Figure 3.27: Changes in LAB counts ofpartially cooked burgers packaged
under various gas atmospheres and stored at 12°C.
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Figure 3.28: Changes in LAD counts offully cooked burgers packaged onder
various gas atmospheres and stored at 12°C.
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Figure 3.29: Changes in LAa counts ofraw wontons packaged under various
gas atmospheres and stored at 12°C•
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3.3.3. ChaDges iD pH

Thechanges inpHvalues oftroutproductspackaged underdifferentatmospheres and

stored at 4 and 12°C are shown in Figures 3.3 1-338 respectively. Similar trends were

observed for partially, fully cooked trout burgers and med wontons stored at 4°C, i.e., their

pH values remained fairlyconstant throughout starage (Figures 3.3 1, 3.32 and 3.34). There

was a slight decrease of pH values in gas packaged samples MaY he explained by the

dissolution ofCO2 from the package headspace. In the case of raw wontons stored at 4°C,

pH values decreased from -6.5 to -5 after 14 days of storage (Figure 3.33). This was

attributed to acid production by LAB in raw trout wontoDS. The slight delay ofthe decrease

in pH values in gas packaged raw wontons MaY he attributed to the inhibition ofthe growth

ofLAa in these samples by MAP.

A slight decrease in pH was observed for partially cooked burgers stored at 12°C

(Figure 3.35), while the pH ofrawwontons at the same temperature decreased to - 4.5 injust

3 days (Figure 3.37) due to the growth ofLAB. The pH vaIues did not change significantly

in both foUy cooked burgers and fiied wontons stored undersimilarconditions (Figures 3.36

and 3.38). The results observed for value-added trout products (bath rawand cooked) were

consistent of thase observed in rawand cooked value-added shrimp products by Lyver

(1997). An increase in product pH during storage may he explained by the buffering effect

ofmuscle proteins and release ofamino acids, probably as a result ofproteolytic activity of

facuItatively anaerobic spoilage bacteria (Dufresne, 1999)..
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Figure 3.31: Changes in pH values ofpartially cooked burgers packaged under
various gas atmospheres and stored at 4°C.
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Figure 3.31: Changes in pH values offuIly cooked burgers packaged mtder
various gas attnospheres and stored at 4°C.
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Figure 3.33: Changes in pH values ofraw wontons packaged onder various
gas aonospheres and stored at 4°C.
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Figure 3.34: Changes in pH values offtied wontons packaged onder various
gas annospheœs and stored al 4°C.
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Figure 3.35: Changes in pH values ofpartially cooked burgers packaged under
various gas atmospheres and stored at 12°C..
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Figure 3.37: Changes in pH values ofraw wontons packaged under various
gas atnlospheres and stored al 12°C.
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Figure 3.38: Changes in pH values offried wontons packaged under various
gas atmospheœs and stored al 12°C.
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3.3.4. SeDSOry EvaiDatioD

Seosory evaluation scores ofodor~ color~ texture and overall acceptability for trout

burgers and wontons stored onderdifferent atmospheres are summarized in Tables 3.3-3.5.

No sensory evaluation was performed on raw wontons sinee the purpose of including raw

wontons in the study was to examine the physi~ chemical and microbiological ditferences

between uncooked and cooked value-added traut products during storage. Products were

regarded as unacceptable when a score of3.5 on a subjective scale of7 was reached (Greer,

1993).

Sensory scores ofall partially cooked burgers were fairly constant (Table 3.3), with

the exception ofair packaged samples stored at 12°C. Air packaged samples stored at 12°C

had the lowest score compared to samples other partially cooked burgers stored at the same

temperature. Shelf-life of these air packaged samples was terminated after 12 days of

storage. Products developed sharp, acidic and musty odars when their shelf-life was

terminated. This may he attributed ta the growth ofLAB and other fermentative bacteria,

which have been reported ta cause otI-odors by depleting glucose, enhancing amino acid

breakdown and producing puttefactive odors in produets (Newton and Rigg~ 1979).

However~ the color<t texture and overall acceptability scoresofairpackag~ partiallycooked

burgers stored at 12°C were still acceptable by the time their shelf·life was tenninatecl

Similartrends were observed for fullycooked burgers and fried wootons (Tables 3.4

and 3.5), with air packaged samples stored at 12°C having Iower scores compared to others.

However~ the decrease in sensory scores was not as significant as those in partially cooked

burgers. No sensoryscore (regardIess ofdifferentsensoryattributes) offullycookedburgers

and fiied wontons decreased ta ~3.5 after 28 days.. There was no conclusive relationship

between gaspac~ conditions and storage temperature in sensory scores.
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Table3.3: Results ofsensory evaluationofpartiallycookedburgers packaged undervarions

gas atmospheres and stored at 4 and 12°C.

Sensory seore1

TextureColorOdor OveraIl

acceptability

Initial Final Initial Final Initial Final Initial Final

Paekaging

treatmeat

Air 5.0 5.6 4.6 4.4

Air + Ageless SS 6.5 5.5 6.1 5.4 5.7 5.3 6.2 5.4

• 60%C02 5.4 5.0 5.4 5.3

SO%C02 5.4 5.7 5.5 5.5

Sensory score @ 12°C3

Air 3.1 4.7 4.3 3.5

Air + Ageless SS 6.5 5.1 6.1 5.3 5.7 4.4 6.2 5.3

60% CO,! 5.8 5.9 5.0 5.7

SO%CO! 5.2 5.3 4.8 4.S

1 Based on a 7..point hedonic scale (7 = Extremely desirable, 1=Extremely undesirable)

! Final sensory scores obtained on day 28

3 Final sensory scores obtained on day 14

•
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Table3.4: Results ofsensoryevaluationoffullycooked burgers packaged undervarious gas

atmospheres and stored at 4 and 12°C.

Texture

Seasory Scorel

ColorOdor Overall

acceptability

Initial Final Initial Final Initial Final Initial Final

Packaging

treatment

Sensory score @ 4°C

Air 4.9 5.7 4.5 4.8

Air + Ageless 5S 6.6 53 63 5.6 6.1 4.7 6.4 5.0

• 60%C02 5.9 5.9 4.8 5.7

SO%C02 6.0 5.8 4.7 5.6

Sensory score @ 12°C

Aïr 3.7 5.6 5.4 4.3

Air + Ageless S5 6.6 5.4 6.3 5.5 6.1 4.6 6.4 5.1

60%C02 5.8 5.7 5.1 5.4

SO%C02 4.8 5.4 S.O 4.8

1 Based on a 7-point hedonic seme (7 =Extremely desirable~ 1= Extremely undesirable)

2 Final sensory scores obtained on day 21

•
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Table 3.5: Results of sensory evaluation of fried wontons packaged under various gas

atmospheres and stored at 4 and 12°C.

Texture

Sensory Score l

ColorOdor Overall

acceptability

lnitial Final Initial Final Initial Final Initial Final

Packaging

treatment

Sensory score @ 4°C

Air 4.9 5.3 4.3 4.7

Air + Ageless SS 6.3 4.3 6.3 3.0 6.4 3.1 6.3 3.3

• 60%C02 5.2 6.0 3.2 4.3

80%C02 5.4 5.4 4.5 5.3

Sensory score @ 12°C

Aïr 4.1 4.0 3.8 3.8

Air + Ageless SS 6.3 4.9 63 4.6 6.4 3.6 6.3 4.4

60% COz 4.7 4.5 3.8 4.0

80%C02 6.2 5.7 4.5 5.7

1 Based on a 7·point hedonic sca1e (7 =Extremely desirable, 1=Extremely undesirable)

! Final sensory scores obtained on day 21

•
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Estimations of microbial and sensory shelf·life for value·added trout burgers and

wontons packaged underdifferent gas abnospheres and stored al 4and 12°C are summarized

. in Tables 3.6-3.9. The microbial shelf·life ofproduets was based on the time necessary for

the APC to he >107 CFU/g. The shortest time to reach a score of 3.5 (rejection point in

acceptability seale) from either odor, color, texture or overall acceptability was used as an

indicator ofsensory shelf·life.

Partially cooked burgers stored at 4°C had a microbial shelf-life of>28 days (Table

3.6). However,. if the products were stored under temperature abuse conditions,. shelf·life

was reduced to 3-4 days. Regarding the sensory shelf·life, most products at 12°C were

sensorially acceptable although their microbial shelf-life was tenninated. Air packaged

samples stored at 12°C had the lowest sensorial scores and were rejected after 12 days.

Fully cookedtrout burgers hada mierobial and sensorial shelf·lifeof>28 days at both

4 and 12°C (Table 3.7), with the exception ofair packaged samples which had a microbial

shelf·life ofooly 8days at 12°C. However, their seosory shelf-life was >28 days, which May

due to the masking of off-odor by the stronger, desirable odor associated with fried food

produets.

MAP had a significant effect in extending the shelf-life ofraw wontons. However~

the effectivenessofMAP was dependantonstorage temperature. Rawwontons stored onder

moderate temperature abuse conditions bad a shelf·life of2 days (Table 3.8). Howevert if

stored onder refrigeration temperature, the shelf-life ofraw wontons could he extended for

8-17 days, depending on packaging treatment. The addition of Ageless SS ta product

package did not significantly inerease shelf·üfe ofthe produets.. However, gas packagin&

using elevated levels ofCO2, could extend shelf-life ofraw wontons for>1 week.



•

•

•

102

Similar to fully cooked traut burgers, fried wontons could he stored for >28 days

(Table 3.9). Even under moderate temperature abuse conditions, fried wontons had a

microbial shelf..life of>28 days, again with the exceptionofairpackagedsamples which had

only 2 weeks of shelf..life at 12°C. Fried wontons bad a sensory shelf..life of >28 days,

regardless ofpackaging condition and storage temperature.

When products were cooked, a longer microbial shelf-life could he achieved,

irrespective ofpackaging treatment and storage temperature. This can he attributed to the

destruction ofheat sensitive microorganisms in the cooking process. Therefore, shelf-life

of products could he enhanced with less initial microbialload prior to packaging, and the

effective use of MAP under temperature control.
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Table 3.6: Estimated microbial and sensory shelf-life of partially cooked trout burgers

packaged under various gas atmospheres and stored at 4 and 12°C.

Temperature Packaging cODditioD Microbial sbelf-life1 SeDsory sbelf-life1

(oq (day) (day)

Air 28+ 28+

4 Air + Ageless 5S 28+ 28+

60%C02 28+ 28+

800/0 CO2 28+ 28+• Air 4 12

12 Air + Ageless 5S 3 28+

60%C02 3 28+

80%C02 4 28+

1 Rejection point: time (days) to reach APC of 107 CFU/g

2 Rejection point: shortest time (days) to reach a score of ~ 3.5 from either odor, color,

texture or overall acceptability

•
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Table3.7: Estimated microbial andsensory shelf-life offullycooked trout bmgers packaged

under various gas atmaspberes and stared at 4 and 12°C.

Temperature PackagiDg CODdition Microbial shelf-life1 Sensory shell-lifel

(oC) (day) (day)

Air 28+ 28+

4 Air + Ageless SS 28+ 28+

60%C02 28+ 28+

80%C02 28+ 28+• Air 8 28+

12 Air + Ageless SS 28+ 28+

60%C02 28+ 28+

SO%CO! 28+ 28+

1 Rejection point: lime (days) ta reach APC of 107 CFU/g

Z Rejection point: shortest tinte (days) to reach a score of s 3.5 from either odor, color,

texture or overall acceptability

•
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Table 3.8: Estimated microbial and sensory shelf-life of raw wontons packaged under

various gas annospheres and stored at 4 and 12°C.

Temperature (oC) Packaging condition Microbial shelf-lifel (day)

Air 10

4 Air + Ageless SS Il

60%C02 19

80%C02 19• Air 2

12 Air + Ageless SS 2

60%C02 2

80%C02 2

1 Rejection point: time (days) to reach APC of ~07CFU/g

•
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Table 3.9: Estimated microbial and sensory shelf-life of fried wontons packaged under

various gas atmospheres and stored al 4 and 12°C.

Temperature PackagiDg condition Microbial sbelf-life1 SeDsory sbelf-life%

(oq (day) (day)

Air 28+ 28+

4 Air + Ageless 55 28+ 28+

60%C02 28+ 28+

80% CO! 28+ 28+

• Air 14 28+

12 Air + Ageless S8 28+ 28+

60% CO! 28+ 28+

80%C02 28+ 28+

t Rejection point: lime (days) to reach APC ofl07 CFU/g

2 Rejection point: shortest time (days) ta reach a score of ~ 3.5 from either odor, color,

texture or overall acceptability

•
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This study has shown that the use of MAP technology could extend both the

microbial and sensory shelf-life offonnulated value-added trout products (trout burgers and

trout wontons). A longer shelf-üfe is POsSlDle by cooking the product prior to packaging.

However, strict temPerature control is necessary to ensure the effectiveness of MAP as

temperature bas a synergistic effect with MAP in delaying spoilage of produets.

Most fuUy cooked products (burgers and wontons) had a shelf...life of >28 days.

Partially cooked burgers and raw wontoDS bad relatively a shorter shelf...life (2-4 days at

12°C) compared ta the fully cooked products, but their shelf-life couJd he extended using

MAP and strict temperature control. These results are in agreement with previous studies

using MAP to extend the shelf-life ofvalue...added seafood products (Lyver, 1997).
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CHAPTER4:

CHALLENGE STUDIES WITH LlSTERlA MONOCYTOGENES

4.1. Introduction

MAP bas been shawn to extend the shelf-life of value-added seafood products by

inhibiting the growth ofaerobic spoilage bacteria (Chapter 3). However, concem bas been

expressed about the public health safetyofMAP seafood with respect to the potential growth

of facultative and/or anaerobic psychrotrophic pathagenic bacteria under low O2

concentrations, such as Listeria monocytogenes. The incidence of L. monocylogenes

contamination in imported and domestic seafood in the United States bas been reported to

he between 5 and 6% (McCarthy, 1997). Recent1y, it was isolated from both whole 6sh and

flUets ofaquacultured rainbow trout (McAdams, 1996).

L. monocytogenes bas been round to growat refrigeration temperatures undervarious

modified atmospheres. The effect of MAP on the growth of L. monocytogenes varies

according ta the attnosphere used and the food produet itself. It \lias shawn that a modified

atmosphere consistiog of 100% CO! was more inhibitory to the growth of a four-strain

mixture of Lisleria spp., including L monocytogenes 00 blood agar plates.. than any other

atmosphere (Razavilarand Genigeorgis, 1992). Inaddition, the growth ofListeria spp. was

delayed in greater extent at lower temperature. Other authors have shown similar results,

including Gill and Reichel (1989).

As a result ofthese observations, itwas oecessary to investigate the potential growth

of L monocylogenes in the formuIated value-added rainbow trout produets stored onder

MAP at refrigeration and temperature abuse conditioDS. The objectives of this study were

to monitarthephysica1,chemicalandmicrobiologicalchanges inproduetsamples inoculated

withL monocytogenes, packagedundervariousatmospheresandstoredatremgeration(4°C)

and moderate temperature abuse conditions (12°C).
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4.2. Materials and Metbods

4.2.1. Preparation ofSamples

Value-added trout burgers and wontons were prepared as outlined in Sections 32.1.

and 3.22. respectively.

4.2.2. Prepantion of 8acterial Stnins and Inoculation

Five strains ofL monocylogenes were obtained from the culture collection ofDr. J.

Farber (Bureau of Microbial Hazards~ Health Protection Branch, Health Canada, Ottawa,

Ontario.. Canada). The strains used included Scott A(human isolate)ot and Health Protection

Branch's (HPB's) strains 323 (shrimp isolate), 392 (lobster isolate), 439 (crab isolate) and

976 (salmon isolate). Ali cultures weremaintainedon TSA(Difco Laboratorles) plates and

transferred monthly to ensure viability. The inoculum was prepared by transferring isolated

colonies ofeach strain from TSA plates inta separate test tubes containing 5 ml ofTryptic

Soy Booth with 0.6% Yeast Extract (TSBYE, Difco Laboratories) and incubated for 15-18

hours at 35°C to give asuspensionof-109 CFU/mL Two hundred ~l ofeachsuspension was

added to 9 ml 0.1% sterile peptone water (Difco laboratories) to give a five strains L

monocytogenes mixture of-108 CFU/mi. Onemlofthis suspensionwas placed into another

9ml of0.1% sterile peptone water to give a 1:10dilution. Subsequentdilutions were carried

out until the concentration ofthe suspension reached -1OS CFU/ml. Samples (-100 g1bag)

were inoculated by injecting 100 J.Ù of this suspension into the filling ofproducts to give a

final inoculum level of-1()l CFU/g_ Control samples were inoculated in a similar manner

with the same volume of0.1% sterile peptone water. The inoculation was carried out in a

Purifier™Class fiSafetyCabinet(Labconco, ModeI3620S-Q4, Labconco, Kansas, Missouri,

United States) equippedwithaHEPA filterto ensure minimal contaminationofthe samples

and the surrounding environment as well as the safdy ofthe researclt personnel.
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4.2.3. Paekaging ofSamples

Partially/fully cooked trout burgers (1 per bag) and raw/fiied wontons (2 per bag)

were packaged in 210 mm x 210 mm high gas barrier bags (OTR: 11.6 cc/ml/clay at 24°C,

0% relative humidity (RH); Cryovac SeaIedAirCorporation). Sampleswere packaged under

the following conditions: air, air with an Ageless SS-200 oxygenabsorbent (Mitsubishi Gas

Chemical American Ine.), 60% and 80% CO:! (balance NJ. Air paekaged samples were

seaIed using an Impulse Heat Sealer. Ageless S8-200 oxygen absorbents were inserted into

the appropriate bags which were then sealed as descn1Jed above. Gas packaging was done

using a cbamber type, heat seal packaging machine (Madel AJOO/42, Multivac Ine.). A

Smith's proportional gas mixer (Mode1299-o28, Tescom Corporation) was used to give the

desired proportions ofO2, CO! and N2 in the package headspace. Duplicate samples ofeach

packaging conditions were stored at 4 and 12°C and were monitored for physical, chemical

and microbiological changes throughout the study (28 days storage trial) or UDtil shelf-life

was tenninated. Most samples were tested on day 0, 3, 7, 14, 21 and 28 with the exception

of raw wontons stored al 12°C which were tested on clay 0, 1, 2, 3,4 and 7 due to their

shorter shelf-life.

4.2.4. Headspace Gas Analysis

Headspace gas analysis was carried out as descnDed in Section 32.4.

4.2.5. Mierobiologieal Analysm

Samples were_evaluated for APC~ LAB~ L monocytogenes~ aerobic and anaerobic

spores count at each sampling day. AIl samples were aseptically transferred into a sterile

stomacherbag and 0.1% stenle peptone wateradded ta 8Chieve a 1:3 dilution. The bag was
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stomached for 1 min in a Stomacher 400 LabBlender (AJ. Seward). One ml of this

suspension was aseptically transferred into 9 ml of0.1% sterile peptone water to give a 1:30

dilution. Subsequent dilutions were carried out as required to give countable plates. APC,

aerobic andanaerobic sporecounts weredetermined byplacingappropriate dilutions onTSA

whieh LAa counts were enumerated using MRS agar (Difco Laboratories). L

monocytogenes counts were enumerated using PALCAM agar (Oxoi~ Unipath Ine.,

Basingstoke, Hampshire, United Kingdom) supplementedwith PaleamSelectiveSupplement

(SR150E). For all counts, 0.1 ml ofthe appropriate dilution was plated in duplicate using

a spread plate technique. Plates were incubated aerobically with the exception ofLAB and

anaerobic spore eounts which were incubated anaerobically using anaerobic Jars (BBL

Microbiology Systems). AlI plates were incubated at 3SoC for 48 hours. Spores, both

aerobic and anaerobic, were determined by tirst heat shocking the appropriate dilutions al

7SoC for 20 min. Countable plates (30-300 colonies) were reported as loglo Colony Forming

Unit pergram ofsample (log CFU/g). Control samples were checked for the presence ofL

monocytogenes on the first and the daywhen shelf-life ofproducts was terminated, using the

method descn1led previously.

4.2.6. pH Measurement

The pH ofeach homogenized samples was measured using a previously calibrated

(buffer solutions ofpH 4 and 7, Fisher Scientific) Coming pH meter (ModeI220, Coming

Glass Works) with agel filled polymerbodycombinationelectrode with AgiAgCI reference

(Model 13-620-104, Fisher Scientific). The electrode was inserted directly into the

suspensionofstomachedsamples (1:3 dilution) aftermicrobiological testingprocedureswere

completed. Analysis (in duplicate) was carried out at each sampling tîme.
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4.3. Results and Discussions

4.3.1. Radspace Gas Analysis

Changes inheadspace gas composition(02 andCOJ ofinoculated partiallyand fully

cooked trout burgers, and rawand fried wontons stored at 4 and 12°C are shown in Tables

4.1-4.4. Similar changes in headspace gas composition of both control and inoculated

products, Le., adecrease in O! and an increase in CO!, were observed as in shelf-life studies

(Chapter3, Section 3.3.1.). The decrease in headspaceO2 and the increase inheadspace CO!

were the result of microbial activity. There was slight decrease in headspace CO2 in gas

packaged samples due to the dissolution of gaseous CO! into the aqueous phase of food

products. The various final samplingdays foranaIysiswereattributed to differences inshelf­

life ofthese value-added trout products.

For inoculated partially cooked burgers stored at bath 4 and 12°C (Table 4.1), the

leveI ofheadspace O2decreased gradually with rime for most samples with the exception of

Ageless SS packaged samples which decreased to <1% within 3 days. The O2 leveI aise

remained low «1%) for gas packaged samples throughout storage. Headspace CO! ofmost

partiallycooked burgers remained fairly constantwith the exceptionofairpackaged samples

stored at 4°C. The increase in headspace CO2 (-10%) in these samples after 28 days MaY he

attributed to the growth of L. monocytogenes since no significant increase (-3%) was

observed in control samples (data not shown).

The levels of O2 and CO2 of inoculated fully cooked burgers and frierl wontons

remained fairly constant throughout storage (Table 42 and 4.4), with the exception ofair

packaged fuIly cooked trout burgers stored at 12°C. Headspace CO2 of these samples

increasedsigniticantly(-14%) when theirshelf-lifewas terminated. This is partlydue to the

growthofL monocytogenes inthese produets since the increase inheadspaceCO2 ofcontrol

samples was only - 3% (data not shown) for the same storage period.



•

•

•

113

Changes in headspace gas ofinoculated raw wontons are summarized in Table 4.3.

SunHar to other products, results ofraw wontons showed a graduai decrease in headspace

O2 and increase in headspace CO!. No significant difference was observed between

inocuIated and control samples.
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Table 4.1: Changes in headspace 02 and CO2 of inocuIated partially cooked burgers

packaged under various gas atmospheres and stored at 4 and 12°C.

•

Tempenture

41

Packaging

condition

Air

Air + Ageless S5

600/0 CO:!

SO%C01

Headspace gas lever (%vlv)

O2 CO!

Initial Final Initial Final

21.0 3.4 0 9.9

21.0 0 0 0.3

1.9 0 61.9 48.5

2.0 0.4 81.1 70.3

•

Air 21.0 16.9 0 3.0

122 Air + Ageless 55 21.0 0 0 0.3

60%C01 1.9 0 61.9 53.6

80%C02 2.0 0.6 81.1 74.2

t Final results were obtained on day 28

2 Final resuIts were obtained on day 7



• Ils

Table 4.2: Changes in headspace 02 and CO2 of inoculated fully cooked burgers packaged

under various gas atmospheres and stored at 4 and 12°C..

•

Tempenture

eq

4

Packagiag

condition

Air

Air + Ageless 5S

60%C02

SO%C02

Headspace go (evel (%vlv)1

O2 CO!

Initial Final Initial Final

21..0 16..9 0 1.4

21.0 0 0 0.2

1..4 0 61.9 47.3

3.3 0..6 82..0 6S.8

•

Air 21.0 ' ..4 0 14.4

12 Air + Ageless 55 21.0 0 0 0.6

60%C02 1..4 0 61.9 49.3

SO%C02 3.3 0 82..0 71.2

1 Final results were obtained on day 28

2 Final results were obtained on day 14
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Table 4.3: Changes in headspace 02 and CO2 of inoculated raw wontons packaged under

various gas atmospheres and stored at4 and 12°C.

•

Temperature

4'

Packaging

condition

Air

Air + Ageless S8

60%C02

80%C02

Headspaee go level (Olôvlv)

O2 CO2

Initial Final Initial Final

21.0 18.9 0 3.6

21.0 1.7 0 0.3

0 1.1 61.4 56.4

0 0.5 80.3 71.9

•

Air 21.0 18.3 0 4.8

12! Air + Ageless S8 21.0 l.1 0 1.1

60%C02 0 0.9 61.4 55.7

80%C02 0 0.5 80.3 73.1

1 Final results were obtained on day 7

2 Final resuIts were obtained on day 4
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Table 4.4: Changes in headspace O2 and CO2 ofinoculated fried wontons packaged under

various gas atmospheres and stored at 4 and 12°C.

•

Temperature

(oq

4

Packaging

condition

Air

Air + Ageless SS

60%C02

SO%C02

Headspace gas level (%vlv)1

O2 CO!

Initial Final Initial Final

21.0 19.7 0 0.6

21.0 0 0 0.1

0 0 61.4 562

0 0 80.3 75.0

•

Air 21.0 18.5 0 3.0

12 Air + Ageless SS 21.0 0 0 0.2

60%C02 0 0.3 61.4 51.1

SO%C02 0 0 803 70.5

1 Final results were obtained on day 28

2 Final results were obtained on day 14
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4.3.2. Microbiologieal Analysis

Changes inL. monocytogenescounts for inoculated troutburgers and wontons stored

under various gas atmospberes and stored at 4 and 12°C are shown in Figures 4.1-4.7.. L

monocytogenes was oot detected in any control samples stored at bath 4 and 12°C (data not

shown).

Gas packaging in 80% CO2 was round to effectively inhibit the growth of L.

monocytogenes in partiallyand fully cooked trout burgers, and fried trout wontons (Figures

4.1- 4..3). SimiIar results were reported by Sheridan et al. (1995) and Avery et al. (1994),

who reported inhibition ofL monocyrogenes in food products packaged underelevated CO!

levels. For partially cooked burgers stored at 4°C (Figure 4.1), L. monocytogenes counts

increased from an initiallevel of-1OZ CFU/g to -104 CFU/g after 28 days, with the exception

of 80% CO! packaged samples.. Similar trends were observed in bath inoculated fully

cooked burgers and med wontons stored at 4°C (Figures 4..2 and 4.3).. However, the growth

ofL. monocytogenes in these products was more rapid and more abundant.. This May he due

to less competition in these produets compared to partially cooked traut burgers which had

higher initial microbialloads.. For both fully cooked burgersand fried wontons storedat 4°C,

higher L monocyrogenes counts (>107 CFU/g) were observed in air packaged samples

compared to products packaged under other gas atmospheres.. Counts ofL monocytogenès

were reduced>1logby MAP, including bath gas packagingand the use ofoxygenabsorbent.

Furthermore, a delaying effect for the growth ofL.. monocyrogenes (longer lag phase) was

observed in gas packaged produets.. These results confinn the delaying etTects ofelevated

Ievels ofC02 on the growth ofL monocytogenes by Morris (1995) and Lyver (1997).. L

monocyrogenes counts in raw wontons stored at 4°C are not shown due ta lack ofgrowth of

these pathogens.. This was attributed to high initial microbial load in raw wontons that

outgrew L monocyrogenes, which is not a strong competitor..
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L. monocytogenes grew weil in MOst samples at moderate abuse temperature (12°C)

regardless ofpackagingconditions (Figures 4.44.7). Elevated levels ofCO! (80%) were not

aseffective at inhibiting the growthofL. monocytogenescompared to produetsstored at4°C.

L monoc:ytogenes grew more rapidly, and to higher levels, inall products stored at moderate

temperature abuse conditions. COWlts ofL monocytogenes in partially cooked burgers at

12°C increased from -1<Y CFU/g ta -10" CFU/g \\ithin a week (Figure 4.4), but needed >21

days ta reach these levels when products were storedat4°C (Figure 4.1). SimiIartrends were

observed in fully cooked burgers and tiied wontons stored at 12°C (Figures 4.5 and 4.7).

These results confirm the importance ofstrict temperature control in conjunetion with MAP

ta inhibit the growth of this pathogen. The eifectiveness ofMAP decreased when storage

temperature increased. No growth of L. monocylogenes was observed in raw wontons

packaged under air and air + Ageless SS at 12°C (Figure 4.6). However, L. monocytogenes

grew in gas packaged samples. This May he attributed ta the inhibition ofspoilage bacteria

present in raw wontons by gas packaging, thus allowing the less competitive L.

monocytogenes to grow.

Evaluations ofAPC.. LAB, aerobic and anaerobic spore counts are not shawn. L.

monocytogenes would growon bothTSAand MRS media. This pathogen appeared as white

colonies with tinted blue ring at the edges on TSA plates. As a result, the changes in APC

would not provide meaningful results. For example, APC counts for bath raw and fried

wontons would he the same if similar numbers of colonies appeared on TSA plates that

resembled spoilage bacteria and L monocytogenes respectively. Similar reasons could he

applied to MRS plates, while colonies ofooth LAB and L monocytogenes were white and

round. One way of determining the identity ofcolonies on MRS plates is by performing

catalase test with3% hydrogen peroxide. L monocytogenes is eatalase-positivebutLAB are

catalase..negative. Sînce the facultative L monocytogenes grew on MRS plate under

anaerobic incubationçonditions, the resuIts ofchange inLAD countwere inconclusive. The

counts ofaerobic and anaerobic spores were tao lowto he recorded and thus results werenot

shown.
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Figure 4.1: Changes in counts ofL monocytogenes ofinoculated partially
cooked burgers packaged under various gas atmospheres and stored at 4°C.
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Figure 4.2: Changes in caunts ofL monocytogenes of inoculated Mly cooked
burgers packageil under various gas atmospheres and stored at 4°C.
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Figure 4.6: Changes in counts ofL monocytogenes ofinoculated raw wontons
packaged underVarlous gas atmospheres and stored al 12°C•
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4.3.3. Cbanges in pH

The changes in pH values for inocuJated trout burgers and wontons are shown in

Figures 4.8 to 4.15. Results of control samples (data not shawn) were similar ta those

observed in shelf..life studies (Section 3.3.3).

The pH values for MOst inocuIated products stored at 4°C remained fairly constant

(Figures 4.8-4.11) with the exception ofraw wontons. A slight increase in pH values from

-6.5 to -7 was observed for all inocuIated partially, fully cooked trout burgers and fried

wontons stored at 4°C (Figure4.8, 4.9 and 4.(0). The mostsignificant increase in pH values

was observed in air packaged partially cooked burgers stored at 4°C (Figure 4.8) which

increased from pH 6.6 to 7.44 after 21 days. The increase in pH may he attributed to the

growth ofL monocytogenes in these products. Since no growth ofL. monocytogenes was

observed in inoculated raw wontons stored at 4°C, the pH values ofraw wontons remained

stable throughout storage.

SunHar trends were observed for most products stored at 12°C, ag~ with the

exception of raw wontons (Figure 4.(4). The increases of pH values for partially, fully

cooked burgers and med wontons were not as significant (Figures 4.12, 4.13 and 4.15)

compared to produets stored at4°C. Amore significantdecrease in pH was observed forraw

wontons stored at 12°C (Figure 4.14). This observation may he attributed to higher leveIs

ofLAS round in raw wontons since these produets did not undergo cooking process.
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Figure 4.8: Changes in pH values of inoculated partially cooked burgers
packaged under various gas atmospheres and stored at 4°C.
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Figure 4.9: Changes in pH values of inocuIated fuIly cooked burgers packaged
under various gâs atmospheres and stored at 4°C•
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Figure 4.10: Changes in pH values ofinoculated raw wontons packaged under
various gas annospheres and stored at 4°C.
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Figure 4.11: Changes in pH values ofinoculated Cried wontons packaged
under various g3s atmospheres and stored at 4°C.
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Figure 4.12: Changes in pH values ofinoculated partially cookcd burgers
packaged under various gas atmospheres and stored at 12°C.
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Figure 4.13: Changes in pH values of inœulated fully cooked burgers
packaged under-various gas atmospheres and stored at 12°C•
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Figure 4.14: Changes in pH values of inoculated raw wontons packaged under
various gas atmospheres and stored at 12°C.
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Figure 4.15: Changes in pH values ofinoculated fried wontons packaged
under various gâs atmospheres and stored at 12°C..
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4.4. Conclusions

This study bas shown that there is a potentiai health risk associated with the

formuIated value..added trout products packaged MAP conditioDS9 ifcontaminated with L..

monocytogenes, since they supported the growth ofthis pathogen.. However9 the growth of

L monocytogenes was inhibited in 80% CO! packaged trout burgers and wontons stored at

4°C.. These results generally agreed with thase round by other authors, such as Marshall el

al.. (1991, 1992), Farber and Daley (1994), Sheridan el al. (1995), Morris (1995) and Lyver

(1997).. These studies found that an elevated C02 1evei of>70% in the package headspace

couId increase the lag phase, reduce the growth rate or even completely inhibit the growth

ofL monocytogenes in various food products..

ta

ta

It bas been shawn that L. monocytogenes grew weil in these fonnulated value-added

trout products, even under MAP conditions. Therefore, ifL.. monocytogenes is present in the

products due to inadequate cooking process or cross-contaminatio~ the MAP value...added

trout products could pose a public heaIth risk to consumers during Donnai refrigerated

storage. The efIectiveness ofMAP in inhibiting the growth ofL monocytogenes is further

decreased when products are stored at mild temperature abuse conditions.
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CHAPTER5:

CHALLENGE STUDIES WITH CLOSTRlDIUMBOTUUNUMTYPE E

5.1. Introduction

Clostridium botulinum type Eis one ofthe major public health concems with regard

to safety ofMAP 6sb and seafood produets. This is due to the faet that (i) the non-proteolytic

c. botulinum type E is widelydistributed in marine and aquatic environments (Ek1und et al.,

1984); (ii) it can grow under anaerobic conditions at refrigerated temperature (Smith and

Sugiyama, 1988); (Hi) the normal aerobic spoilage microorganisms are inhibitedunder MAP

conditions (Smi~ 1990b); and (iv) the growth ofC. botulinum type E in MAP is enhanced

at mild temperature abuse conditions (Garcia et al., 1987).

Fresh and unprocessed seafoods usually pose few problems with regard to C.

botulinum as spoilage byotherhacteria is rapid and occurs before C. botulinum cangrowand

produce toxin. However, when seafood is processed to increase its shelf-life, such as

cooking, the risk ofbotulism is increased. Sïnce c: botulinum type Eis non-proteolytic, the

processed seafood produets could he toxie before consumers perceived the products as

spoiled when products are stored onder MAP conditions. The presence ofC. bOlUlinum in

processed seafood may due to insufficient cooking and/or cross-contamination with other

food products. Recently, Lyverel al. (1998) reported toxinproduction in MAP sterile value­

added shrimp nuggets by C. bOlUlinum type E.

Therefore, to address concems of the potential growth of C. bOlulinum type E in

formulated value...addedtroutproduets, challengestudies were performedwiththis pathogen.

The objectives ofthis studywere to monitorthe physical~ chemical and sensorial changes in

produets inoculated with C. botulinum type E, packaged onder various atmospheres and

stored at refrigeration and moderate temperature abuse conditions.
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5.2. Materials and Methods

5.2.1. Preparation ofSamples

Value..added trout burgers and wontons were prepared as outlined in Sections 32.1.

and 3.2.2. respectively.

5.2.2. Preparation of Bacterial Stnîns and IDoculatiOD

The spore inoculum was prepared from amixtureoffour C. bOlulinum type Estrains

(8550, Benne~ Gordon and Russ) from the culture collection of Dr. J. Austin (Bureau of

Microbial Hazards, Health Protection Braneh, Health Canada, Ottawa, Ontario, Canada).

Cultures were grown in Trypticase Peptone Glucose Yeast Extract (TPOVE) broth at 35°C

for 10 days in an atmosphere of 10% H2, 10% CO! and 80% N! in an anaerobie chamber

(Coy Laboratory Products loe., ADn Arbor, Michigan, United States). The spores were then

harvested in sterile distilled water by centrifuging at 17,500 X g for 20 min at 4°C. The

spores were washed three times. The spores were then frozen at ·soGe in gelatin phosphate

buffer at pH 6.6 until use. Equal numbers ofspores ofeach strain were mixed to fonn a

single suspension of-1 x 1()5 spores/ml. The spore mixture was heat shocked at 60°C for 20

min prior to inoculation. Each trout burger was inoculated byspraying the inoculum in three

different locations (30 ).1.1 each) due to its porosity, while each trout wonton was inoculated

with 15 JlI of inoculum by injecting the inoculum mto the tillings ta give a final inoculum

level of -1OZ sporelg. Control trout produets were inoculated in a similar manner using

sterile geIatin phosphate butTer al pH 6.6.
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5.2.3. Packaging of Samples

Partially/fully cooked trout burgers (1 per bag) and raw/fried wontons (2 per bag)

were packaged in 210 mm x 210 mm high gas barrier bags (OTR: 11.6 cc/m2/dayat 24°C,

0% relativehumidity (RH); Cryovac SealedAirCorporation). Sampleswere packaged under

air, in air with an Ageless S8-200 oxygen absorbent (Mitsubishi Gas Chemical American

loc.) and in 80% CO! (balance NJ. Air packaged samples were sealed using an Impulse

Heat Sealer. Ageless 5S-200 oxygen absorbents were inserted into the appropriate bags and

sealed as described above. Gas packaging was dane using a chamber type, heat seal

packaging machine (Model SP-300H, Multivac Ine.). A Multivac proportional gas mixer

(Model KM1 00-3M. Multivae loe.) was used to give the desired proportions ofCO;! and N2

in the package headspace. Duplicate samples ofeach packaging condition were stored at 4

and 12°C and were monitored for physical, chemical and microbiological changes. Partially

cooked trout burgers were stored for 28 days. Raw trout wontons al 4 and 12°C were stored

for 28 and 14 days respectively. 80th partially cooked burgers and raw wontons were tested

every 7 days. Fully cooked trout burgers and fried trout wontons were bath stored for 60

days with samples being tested every 10 days.

5.2.4. Water Aetivity MeasuremeDt

The water activity (a..,,) of samples was measured using a Decagon water activity

system (Model CX-1~ Decagon Deviees Inc~ Pullman, Washingto~ United States). The

system was calibrated using a saturated NaCl solution (a.. 0.75 at 25°C). A. measurements

were made (in duplieate) on samples of crust, filling and mixture oferust + filling which

were placed directIy into plastic containers and were then inserted into the calibrated

instrument.
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5.2.5. Headspace Gas Analysis

Samples were analyzed for headspace gas composition using previously calibrated

Macon O2 and CO2 analyzers (Model H8-750 and PQ-IOO respectively, Macon Ltd.,

Minneapolis, Minneso~ United States). Gas samples were withdrawn through a silicone

septum affixed to the exterior of the bag using a 10 cc. gas·tight pressure-lock syringe

(Model 790-002, Macon Ltd.).

5.2.6. Seuory analysis

Sensory analyses were performed by 3 untrained panelists on pooled samples as

described in Section 3.2.7. Only the odor of samples was evaluated since there was no

noticeable change in the color and texture of products throughout storage.

5.2.7. pH measurement

The pH ofsamples was measured with a calibrated Fisher Acumet pH meter (Fisher

Scientific). Portions ofsamplesupematantwere transferred into clean test tubes induplicate,

and pH was measured by immersing the electrode directly into each test tube.

5.2.8. Tom assay

AIl samples (-100 glbag) were aseptically transferredmto astomacherbagand 0.1%

sterile peptone water.(Difco Laboratories) added ta aclùeve a 1:3 dilution. The bag was

stomached for 3 min in a Stomacher400 LabBlender (AJ.. Seward).. The homogenate was

thencentrifuged al 11,000 rpmfor20minat40C inan inductiondrive centrifuge (Model J2-
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21~ Beckman Inc., Mississauga, Ontario, Canada). An aliquotofthe sample's supematant

was extracted and tiltered sterilized through a 0.45 f.1Ill Acrodisc fiIter (Gelman Sciences,

AnD Arbor, Michig~ United States).. The filtrates were trypsinized byadding 1.4% trypsin

solution as 1Q0A» oftotal volume of extrae~ ta activate toxin prior to mouse toxicity tests.

The extraets were then incubated for 1 h at 3~C to complete the trypsinization. Duplicate

white mice (20-25 g) were injected intraperitoneally with 0.5 ml of the trypsinized filtrate.

Mice were observed for up to 72 hours for symptoms ofbotulism (pinched wai~ labored

breathing and/or death). Mice showing severe distress were euthanized immediately prior

tO actual death. Two additional mice were injected iforny one mouse died. Samples were

considered positive for toxin if 212 or ~214 mice died (Hauschild el al., (975). Control

samples were prepared and injected in a similar manner.
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5.3. Results and Discussions

5.3.1. Changes in Water Adivity

Changes in the élw values oftrout burgers and wontons are shawn in Table 5.1. The

élw of most produets't when freshly made and after storage, were sunilar with the exception

offried wontons where aw decreased from 0.95 to 0.93 after60 days ofstorage. The decrease

in 8w of med wontons was due to the migration ofmoistUle from the fillings ta the crispy,

cooked and dry crust which had an initialaw of0.89. The low final aw of med wontons

wouId likely to inhibit the growth ofC. hotu/inum type E since the lowest inhibitory 3w for

growth ofC. hotulinum type E is 0.95 (Baird-Parker and Freame, 1967). The aw ofall other

products was conducive ta the growth ofC. botulinum type E. Despite the low 3w at the end

ofthe storage offried wonton. C. hOlulinum type E May bave grown at the beginning orthe

storage and then stopped.



•
Table 5.1: Results for~ analysis on various value-aclded trout produets.

136

Products

Initial

A. l

Final

Partially cooked burger

Cmst

Filling

Crust + filling

0.96

0.97

0.97

0.97

0.97

0.97

Crost 0.95 0.95

Fully cooked burge~ Filling 0.95 0.95

Crust + fùling 0.95 0.96

• Crust 0.98 0.97

Rawwonton1 FiUing 0.98 0.98

Crust + fI11ing 0.98 0.97

Fried wontonJ

Crust

Filling

Crust + filling

0.89

0.95

0.94

0.91

0.93

0.92

•

1ResuIts are mean values ofreadings ftom duplicate samples

2 Final results were obtained on day 28

j Final results were obtained on day 60
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5.3.2. Headspaee Gas Analysis

Changes in headspace gas composition ofcontrol and inoculated partially and fully

cooked trout burgers, and rawand fried trout wontons are shown in Table 5.2-5.5. Similar

trends in headspace gas composition were observed as in shelf-life studies (Chapter 3,

Section 3.3.1.). No significant difference in the gas composition was observed between

control and inoculated samples. Headspace O2 and CO2 remained fairly constant in MOst

samples regarclless of storage temperature, with the exception of air packaged samples.

Headspace Oz ofAgeless 5S packaged samples decreased to <1% within three days and then

increased. An increase in headspace O2 was a1so observed for gas packaged samples.. The

increase in ail of the packages May he attributed ta leakage.

Changes in headspace O2 and CO2 of partially and fully cooked burgers showed

similartrends (Table 52and 5..3).. No significantchanges were observed in headspace gases

in both products, with the exception ofair packaged samples. A decrease in headspace O2

from 21% to 6..3 % and an increase of-42% in headspace COz was observed for inoculate~

partially cooked burgers stored at 12°C (Table 52). Similarly, headspace O2 and headspace

CO2 ofinoculate~ fully cooked burgers stored at similar temperature decreased to -0% and

increased to -39% respectively (Table 5.3). The decrease inheadspace COz in gas packaged

samples with time can he attributed to its dissolution in the product. These results were

consistent with those observed in MAP food and can he attributed to the growth and

metabolism ofspoilage baeteria in the produets (Lambertet al., 1991a,b; Lyver, et al., 1998;

Dufresne,I999).

Changes in gas compositions of raw wontons and fried wontons remained stable

throughout the storage (Table 5.4 and S.S). The changes ofbeadspace gases in bathcontrol

and inoculated raw \yontoDS were not as significant as other produets due to their shotter

storage period and shorter shelf:life compared ta other products (Table 5.4).. However,

headspace CO2ofairpackaged raw WODtoDS storedat 1?C increased-24% inonly 14days.
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No significant changes in headspace gases were observed for air packaged fried wontons

stored at 12°C (Table 5.5). These results are due ta the lack afmicrobial activity in the fully

cooked products.
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Table5.2: Changes in headspace O2 andCO2 ofcontrol and inoculated partiallycookedtrout

burgers packaged under various gas atmospheres and stored at 4 and 12°C for 28 days.

Air

4 Air + Ageless 55

SO%C02

Readspace lU level (%vlv)

O2 CO2

Initial Final Initial Final

Control

21.0 19.1 0 2.S

21.0 32 0 0.5

0.5 0.8 77.2 70.1

•

•

Temperature

eC)

12

4

12

Packaging

condition

Air

Air + Ageless 5S

SO%C02

Air

Air + Ageless SS

80%C02

Air

Air + Ageless 55

80%C02

21.0

21.0

O.S

Inoculated

21.0

21.0

0.5

21.0

21.0

0.5

3.3

2.3

1.6

17.6

4.1

1.3

6.3

3.2

l.0

o
o

772

o
o

772

o
o

772

38.0

1.2

71.8

5.9

0.6

69.9

41.8

12

74.0
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Table 5.3: Changes in headspace O2 and CO! ofcontrol and inoculated fully cooked trout

burgers packaged under various gas atmospheres and stored at 4 and 12°C for 60 days.

Air

4 Air + Ageless SS

SO%CO!

Headspace Cas level (%vlv)

O2 CO!

Initial Final Initial Final

Control

21..0 20.7 0 2.1

21.0 0.8 0 0.3

0.3 6.1 79.1 68.1

•

•

Temperature

(oq

12

4

12

Packaging

condition

Air

Air + Ageless SS

SO%C02

Air

Air + Ageless SS

SO%CO!

Air

Air + Ageless SS

80% CO:!

21.0

21.0

0.3

Inoculated

21.0

21.0

0.3

21.0

21.0

0.3

0.3

o
02

20.4

0.9

0.4

0.7

1.4

1.6

o

o
79.1

o
o

79.1

o

o
79.1

30.9

12

66.5

0.1

o

67.5

38.8

0.1

56.3
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Table 5.4: Changes in headspace O2 and CO2 ofcontrol and inoculated raw trout wontons

packaged under various gas atmospheres and stored at 4 and 12°C.

Air

41 Air + Ageless SS

SO%C02

Temperature PaekagiDg

condition

Headspaee go lever (%vlv)

O2 CO2

Initial Final Initial Final

Control

21.0 15.8 0 21.3

21.0 6.S 0 0.9

0.5 0.1 772 79.3

•
Air

Air + Ageless SS

SO%C02

Air

Air + Ageless SS

SO%CO~

21.0

21.0

0.5

Inoculated

21.0

21.0

0.5

16.5

4.2

o

16.5

1.3

0.7

o

o
772

o
o

772

23.4

0.7

77.7

18.2

0.8

76.6

•

Air 21.0 14.6 0 23.8

122 Air + Ageless SS 21.0 3.3 0 0.4

SO%C02 0.5 0.3 772 78.1

1 Final results were obtained on day 28.

2 Final results were obtained on day 14.



• 142

Table 5.5: Changes in headspace O2 and CO2 ofcontrol and inoculated fried trout wontons

packaged under various gas atmospheres and stored at 4 and 12°C for 60 days.

Air

4 Air + Ageless SS

80%C02

Headspace gas level (%vlv)

O2 CO2

Initial Final Initial Final

Cootrol

21.0 20.3 0 2.3

21.0 0.9 0 0.3

0.3 0.4 79.1 69.6

•

•

Tempenture

(oq

12

4

12

Packaging

condition

Air

Air + Ageless 5S

80%C02

Air

Air + Ageless SS

80% C01

Air

Air + Ageless 5S

80%C02

21.0

21.0

0.3

Inoculated

21.0

21.0

0.3

21.0

21.0

0.3

19.6

0.6

2.3

15.1

0.1

0.5

20.5

0.2

12

o
o

79.1

o
o

79.1

o
o

79.1

2.2

0.2

69.7

1.0

02

71.4

1.0

0.1

72.5
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5.3.3. Sensory Evaluation

Qnly odor was evaluated since other sensory attributes (color9 texture and overall

acceptability) showed very little change in the previous shelf-life studies (Section 3.3.4.).

Similar trends in odor scores ofooth control and inoculated samples were observed

compared to shelf·life studies (Section 3.3.4.). No significant change in odor scores was

observed between control and inoculated MAP samples. The odor scores remained

acceptable (>5) for most produets throughout the study (results not shown) with the

exception of air packaged samples stored at 12°C. AIl MAP partially and fully cooked

burgers had a sensory shelf-life of>28 and >60 days respectively (results not shown). Ali

MAP raw wontons stored at 4°C had a shelf..life of>28 days, and >14 days when stored at

12°C (results not shown). MAP med wontons bad a sensory shelf-life of >60 days,

regardless ofstorage temperature (results not shown).

The resuIts of air packaged samples are summarized in Table 5.6. For produets

stored at 4°C, raw wontons appeared to have lowerscores compared to otherproducts. Odor

scores ofthese samples decreased from 6.0 ta 3.0 after 28 days. Otherproducts storedat 4°C

(partiallyand fully cooked burgers, and fried wontons) remained sensorially acceptable

throughout the study. Odorscores ofairpackaged products storedat 12°C were considerably

lower than those at 4°C, with the exceptionoffried wontons which had similarscores at bath

storage temperatures. The sensory shelf-life ofproducts was significantly decreased when

samples were stored al moderate temperature abuseconditions. Mostairpackaged produets

stored at this temperature (12°C) developed a Sharp9 musty9 aeidie odors when scored <3.0

on the sensory chatt. This acidie odor can he anributed ta the growth ofLAB.
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Table 5.6: Summary ofodor sensory shelf-life for various air packaged inoculated value-

added trout products stored at 4 and 12°C.

Temperature Product Odorscore Seasory shelf-life1

eq Initial Final (day)

Partially cooked burger 7.0 4.5 28+

4 Fully cooked burger 7.0 6.0 60+

Rawwonton 6.0 3.0 28• Fried wonton 7.0 6.0 60+

12

Partially cooked burger

Fully cooked burger

Rawwonton

Fried wonton

7.0

7.0

6.0

7.0

2.0

2.0

2.5

6.0

14

40

7

60+

•

1 Time (clay) to reached a score of s3.5 based on a 7-point hedonic scale (7 = Extremely

desirable~ 1= Extremely undesirable)
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5.3.4. Cbanges iD pH

Changes in pH values for inoculated partially/fullycooked trout burgersand raw/fried

trout wontons packaged under various gas atmospheres and stored at 4 and 12°C are shown

in Figures 5.7·5.10. It is evident that pH changed very little in partially and fully cooked

burgers, and med wontons throughout storage (Table 5.7,5.8 and 5.10). The changes in pH

values were <0.5 pH unit in these products. In faet, no significant difference in pH values

was observed between products stored at 4 and 12°C. This May he attributed to the

inhibition ofLAB in the cooked products. The pH values ofthese products remained -6.0,

wwch is of significance since this pH was conducive to the growth of C. botulinum

throughout storage.

Changes in pH values for inoculated raw wontons were more signiticant compared

to other products (Table 5.9). The pH ofraw wontons decreased from 6.53 ta -4.5 in both

air and air + Ageless 55 packaged samples. The final pH values observed for gas packaged

samples were slightly >5.0 al bath 4 and 12°C. Sînce the minimum pH for C. botulinum type

E to grow is -5.0, (Hauschil~ (989), the decrease ofpH in raw wontons may have created

untàvorable conditions for the growth of this pathogen.

The observations in this study were consistent with those reported in the challenge

study of C. botulinum type E inoculated vaIue·added raw and cooked shrimp nuggets by

Lyver el al. (1998). The pH of the raw value-added seafood produet decreased to a level

unfavorable to the growthofC. botulinum type~while the pHofcooked produets remained

fairly constant at 6.0, providing optimal conditions for the growth ofthis pathogen.
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Table 5.7: Changes in pH values in inoculated partially cooked burgers packaged under

various gas atmospheres and stored at 4 and 12°C for 28 days.

Temperature (oq PackagûœgcoDdüioD pH

Initial Final

Air 6.16

• 4 Air + Ageless SS 6.33 6.26

SO%CO:! 6.11

•

12

Air

Air + Ageless SS

80%C02

6.33

5.92

5.89

6.11
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Table 5.8: Changes in pH values in inoculated fuIly cooked burgers packaged under various

gas atmospheres and stored at 4 and 12°C for 60 days.

Temperature (oC) PackagülgcondnœoD pH

Initial Final

Air 6.32

• 4 Air + Ageless SS 6.43 6.34

SO%C02 6.27

•

12

Air

Air + Ageless SS

SO%C02

6.43

6.51

6.40

6.31
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Table 5.9: Changes in pH values in inoculated raw wontons packaged under various gas

annospheres and stored at 4 and 12°C~

Tempenture rq PackagiDgconditioD pH

Initial Final

Air 4.50

41 Air + Ageless SS 6.53 4.52• 80%CO~ 5.25

•

Air

Air + Ageless 55

80°..10 CO2

1 Final results were obtained on day 28.

: Final results were obtained on day 14.

6.53

4.41

4.37

5.13
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Table 5.10: Changes in pH values in inoculated fried wontons packaged under various gas

atmospheres and stored al 4 and 12°C for 60 days.

Temperature eq Packaging condition pH

Initial Final

Air 6.30

• 4 Air + Ageless SS 6.52 6.32

80%C02 6.15

•

12

Air

Air + Ageless 5S

80% CO.,

6.52

6.22

6.25

6.13
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5.3.5. TOÙD assay

The resuIts ofthe toxin assay for trout burgers and wontons packaged underdifferent

gas atmospheres and stored at 4 and 12°C are summarized in Tables 5.11-5.12. Toxin was

not detected in any control samples (data not shawn).

Toxin was not detected in any of the inoculated MAP partially and fully cooked

burgers throughout storage, even under elevated CO2 storage and moderate temperature

abuse conditions (Table 5.11). It bas been reported that toxin production was observed in

fresh trout flUets stored at 12°C by C. borulinum type Ewithin 5days but not in flUets stored

at 4°C (Dufresne~ 1999). However, no tarin production was observed for trout burgers

stored at bath 4 and 12°C. The results observed in the present study agreed with those

reported by Lyver (1997) where no botulinal toxin was detected in inoculatedcooked shrimp

nuggets. A possible explanation for the inhibition ofC. botulinum type E in value-added

cooked shrimp nuggets was the production of antimicrobial substances by substantial

BacH/us spccies present in the shrimp produets (Lyver, 1997). However, unlike the results

observed by Lyver, Bacil/us spp. were not detected in trout burgers througbout the studies

(Sections 3.3.2.3. and 4.3.2.). Thus~ the Jack ofgrowth ofC. botulinum May he due to other

intrinsic factors, such as the antimicrobial effect ofspices used in trout burger fonnulations.

bacteriocins produced by lactic acid hacteria such as Laclococcus laclis, Lactobacillus

pfanlarum and Pediococus penlosaceus which have been reported to have inhibitory effect

on C. botulinum (CrandaII and Montvill, 1993). However, since LAB could he destroyed in

cooked products~ the latter reason is highly unIikely.

No toxin production was detected ineitherraworftied wontons stored undervarious

gas atmospheres and stored at 4 and 120C (Table 5.12). For raw wontons, the absence of

growthot: and toxin~uction by, C. botulinum type E was probably due 10 the production

ofacid by LAB and a decrease in pH to <S.O, resuIting in unfavorable growth conditions.

Lyver et al. (1998) observed simiIar infu.oitory effects on C botuIinum type E in challenge
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studies with raw shrimp nuggets due to the growth ofLAB and reduction ofpH to 4.0-4.9.

The lack oftoxin production by C. bOlulinum type E in fried wontons was probably due to

their low 3w of<0.95 (limiting 3w for growth ofC. bolU/inum type E when 8w is reduced by

gIycerol~ Baird-Parker and Freame~ 1967) after storage~ thus Limiting the growth of this

pathogen. The Low final élw of fried wontons (-0.92) was due to the migration of moisture

from the fillings to the crust of the products (Table 5.1).
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Table S.11: Results of challenge studies with value-added trout burgers packaged under

various gas atmospheres and stored at4 and 12°C.

Packaging condition

Air

Air + Ageless S5

SO%CO!

Temperature eC)

PartialIy eooked burgen l

4

Toxin Detection (+/-)

Air

Air + Ageless SS 12

• SO%C02

FuUy ~ooked burgerr

Air

Air + Ageless SS 4

SO%CO!

•

Air

Air + Ageless S8

SO%C02

1 Final results were obtained on day 28

! Final results were obtained on day 60

12
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Table 5.12: Results of challenge studies with value-added trout wontons packaged under

various gas atmospheres and stored at 4 and 12°C.

Packaging condition

Air

Air + Ageless SS

80% CO:!

Temperature eC)

RaWWODtoDS

Toxin Detection (+/-)

Air

Air + Ageless SS 122

• 80% CO.,

Fried wontons'

Air

Air + Ageless S5 4

SO%C02

Air

Air + Ageless SS

SO%C02

12

•

1 Final results were obtained on day 28

2 Final results were obtained on day 14

3 Final results were obtained on clay 60



• 5.4. Antibotulinal Roles ofBackground Microflora and Ingredients

154

•

•

5.4.1. Introduction

The inhibition oftoxin production by C. bOlUlinum type E in bath partially and fully

cooked burgers could not he explained on the basis ofthe 3wand pH ofthese products, which

was conducive to the growth ofthis pathogen. The lack oftoxin production in trout burgers

May due to the antimicrobial substances produced by heat resistant background microflora

in these products, and/or due to the antimicrobial activity ofthe ingredients.

Lyver(1997) found that Baeil/usspeciessurvivedthecooking process ofvalue..added

shrimp nuggets and inhibited the growth of C. bOlUlinum type E in inoculated samples.

However, toXÎn was produced in 14 to 28 days due to inhibition of Boeil/us species in the

sterile nuggets. Since the level ofBacillus species found in trout burgers was insignificant

compared to Lyver~ s (1997) studies, it was suspected that the spices used in the fonnulation

May have played an antimicrobial mie. Inhibitory action of spices and their extracts on

different microoragnisms bas been reported (Ankri and Mirelman, 1999; Arora and Kaur,

1999; Fan and Che~ 1998; Naganawa el al., 1996; Farag el al., 1989). Ismaiel and Pierson

(1990) showed that the essential oil ofspices also had an inhibitory etfect on the growth and

germination ofC. bolUfinum. Thus. spices used in the fonnulation oftrout burgers MaY have

contributed ta the inhibition ofthe growth ofC. bOlulinum type E.

Therefore~ the objectives of this study were to determine the antibotulinal effect of

ingredients used in the product fonnulation byconductingstudies on "sterile~ trout burgers~

with and withoutspices. The possible inluDÎtoryeffectofantimicrobial substances produced

by any background microf1ora on C. botulinum is eliminated using "sterile" trout burgers..
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5.4.2. Materials and Metbods

5.4.2.1. Preparation and packagiDg ofsamples

•

Two types of sterile value-added trout burgers were prepared: with and without

spices, and with and without coating. Value-added traut burgers, with or without spices,

were preparedas outlined in Section32.1. Forburgers withoutspices, ooly trout mince, oats

and eggs were used to make the patty mixture. Uncoated burgers were made by 5Carping off

the crushed cornflakes coating oftrout burgerusing asmall knife aftercooking. AlI burgers,

coatedluncoated and withlwithout spices, were autoclaved twice at 121°C onder moist heat

for 20 min to ensure proper sterilization. Samples were checked for sterility using TSA

(Difco Laboratories) plates on clay O. Duplicate samples were then packaged as described

in Section 52.3. and stored only at 12°C. AU samples were tested on day 28.

5.4.2.2. Preparation of bacterial straÎDs and inoculation

Sterile trout burgers were inoculated with 102 sporeslg of C. botulinum type E as

descnDed in Section 5.2.2.

S.4.2.3. Analyses

•

Aw measuremen~ headspace gas analysis~ pH measurement and toxin assay were

performed as descnèed in Sections 52.4.'t 52.5.~ 52.7. and 52.8. respectively•
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To detennine the antibotulinal role of ingredients in this study, each individual

groundspices (cayenne pepper, garlic powder,onionflakes, spice mix and white pepper) and

soy sauce, and a combination ofall the spices and soy sauce were added to McClung Toabe

agar supplemented with 0.5% yeast extraet (Difco Laboratories) at similar levels used in the

product fonnulation (Table 5.13). Preparationofbacterial strains was asdescribed inSection

5.2.2. One hundred ~l of 1().l spores/ml of C. botulinum type E were placed on ingredient­

added and control McClung Toabe agar plate in duplicate using a spread plate technique.

Plates were then incubated anaerobically inananaerobic chamber(Coy Laooratory Products

mc.) at room temperature for 7 days and then observed for growth.
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Ingredients Level (0/0 w/w)

Cayenne pepper 0.05

GarHe powder 2.00

• Onion flakes 6.25

Soysauee 3.50

Spice mi=< 625

White pepper 0.38

•
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5.4.3. Results and Discussions

Sterility checks showed that no growth was observed on any TSA plates~ indicating

that the burgers were sterile.. Results observed for control and inoculated sterile

coatedluncoated value-added trout burgers, withlwithout spices, are shown in Tables 5..14­

5.15..

Trout burgers were made with or without spices. In burgers without spices, dried

onion flakes, garlic powder, white pepper, cayenne pepper, soy sauce and commercial spice

mix were omitted from the formulation.. However, similarcooking procedures were used to

make these products.. The removal ofspices from the autoclaved burgers increased product

3w from 0..96 ta 0..99, thus providing a more favorable environment for the growth of C.

botulinum type E.

Trout burgers were aIso made coated (regular) and uncoated. The purpose ofthis

study was to detennine if the inoculation of C. botulinum type E spores directIy into the

fillings instead of spraying on top of the coating influenced toxin production. It was

suspected that usiog the spray technique, inoculum May have remained 00 top ofthe coating

without it soakingiota the fillings, thus producing faIse negative results. However.. there was

no significant difference in the results between coated and uncoated samples witblwithout

spices. This confmned that the lack oftoxin productionbyC. bOlulinum in trout burgers was

not influenced by the method of inoculation.

The results ofsterile burgers fonnulated with spices (regular burgers) are shawn in

Table 5..14. Headspace gas compositions remainedconstant incontrol samples. A decrease

in headspace O2 and an increase in headspace CO! in air packag~ coated and uncoated

produets, were obsen:ed after28 days. However, the changes inheadspace gas composition

ofproducts with spices were not as significant as those made without spices. In produets

without spic~ headspace CO2 increased ta 17.4% whiIe headspaœ O2 decreased ta zero in
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air packaged burgers, regardless oftheir coating (Table 5.15). Since ail the burgers were

sterilized prior to inoculation and packaging, the CO! production in the inoculated samples

can only he attributed to the growth and metabolism ofC. botulinum.

The observed changes in pH between coated and uncoated products were also not

significant. The pH values of inoculated burgers with spices remained fairly constan~

regardIess of packaging conditions (Table 5.14). However, a decrease in pH vaIues was

observed in all inoculated burgers without spices (Table 5.15). The decrease in pH can be

attributed to CO:! production by C. botulinum and dissolution of this CO:! into the aqueous

phase ofthe prodUCl However, the final pH values observed were still >5 wbich is favorable

to the growth ot: and toxin production by, C. botulinum in products.

No toxin production was observed in any inoculated coatedluncoated burgers made

with spices (Table 5.14), confirming previous results and eliminating the inhibitory role of

any background microt1ora in the burgers. However, toxin was detected in ail inoculated

coatedluncoated trout burgers cooked without spices (Table 5.15). Samples stored underair

+ Ageless 58 and 80% CO2 was highly toxic~ causingsevere symptoms in injected mice after

oruy 2 hours of injection. For air packaged samples, mice developed severe S}mptoms

within 24 hours. AlI mice showed severe symptoms were euthanized prior to actual death.

These results indicated that the addition of spices to the product fonnulation

intluenced toxin production by C hotulinum type E in the trout burgers. T0 confirm this

observatio~ ingredient agar plate studies were done to determine the individual and/or

combined effect of spices in the fonnulation on the growth ofC. botulinum type E. The

resuIts ofthis studyare shown in Table 5.16. The ingredient agar plates had a 8w slightly

highertban traut burgers (0.96-o.97)~ i.e. 0.98 (data Qot shown)~ which provided favorable

a.. for the growth ot:C. botulinum type E. WhiIe C. botulinum type E grew in plates

containingeachindividual spiceandsoysauc~ no growthwas observed inplatescontaining

all"the spices and soy sauce. Thus~ a synergistic effect ofail the spices and soy sauce was
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observed in this study. This synergism May he due to an increase in antimicrobial aetivity

whenever the spices are used together. Thus, tbis study clearly demonstrated the powerful

antibotulinal roleorthe spices used in the formulation ofthesevalue-added products, thereby

ensuring complete inhibition of C. botulinum type E, even at moderate abuse storage

temperature (12°C).

5.4.4. Conclusions

Toxin was detected in ail sterile value-add~ coatedluncoated trout burgers without

spices~ regardless of packaging conditions. However, no toxin was detected in any sterile

burgers with spices.

Ingredient agar plate studies confirmed the effect of spices which May inhibit the

growth and toxin production ofC. bOlUlinum type E in the MAP value-added trout burgers,

thus preventing toxin production in products stored for 28-60 days, even at mild temperature

abuse conditions.
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Table 5.14: Summary of results on control and inoculated sterile trout burgers with spices packaged under various gas atmospheres

and stored at 12°C for 28 days.

Paekaglng Aw Headspaee gas level (%v/v) pl" Toxin

eondltlon 0 1 COl deteetlon

Initial Final Initial Final Initial Final (+/-)

Control'

Air 21.0 20.5 0 0.2 6.82

Air + Ageless SS 0.96 21.0 0 0 0 6.29 6.60

SO%C02 0 0 80.2 75.4 6.62

Inoeula'ed, eoated

Air 21.0 12.5 0 6.5 6.16

Air + Ageless SS 0.96 21.0 0.1 0 0 6.29 6.1

SO%CO;z 0 0.1 80.2 11.6 5.99

Inoeulaled, uneoa.cd

Air 21.0 15.9 0 3.8 6.17

Air + Ageless SS 0.96 21.0 0.7 0 0 6.29 6.15

SO%C02 0 0.3 80.2 74.1 6.12

1 Data were mean values of results obtained fronl coated and unconted control burgers
..-
0\.....
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Table 5.1S: Summory of results on control and inoculatcd stcrile trout burgers without spices packaged uoder various gas at.nospheres

and stored at 12PC for 28 days.

Packaging Aw Ileadspace gas level (°Atv/v) pU Toxin

condition Oz COl detection

Initial Final Initial Final Initial Final (+1-)

Control'

Air 21.0 19.3 0 0 6.40

Air + Ageless SS 0.99 21.0 0 0 0 6.68 6.79

SO%C02 0 0 80.2 74.6 6.63

Inoculated, coated

Air 21.0 0 0 17.4 6.47 +

Air + Ageless SS 0.99 21.0 0 0 0 6.68 6.27 +
SO%C02 0 0 80.2 71.1 6.06 +

Inoculaled, uncoa'ed

Air 21.0 1.0 0 17.4 6.47 +

Air + Agelcss SS 0.99 21.0 0 0 2.9 6.68 6.15 +
SO%CO] 0 0 80.2 71.7 6.10 +

) Data were mean values of results ob.nined from couted and uncoated control burgers
..-
0\.-..)
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Table 5.16: EfIect of spices and say sauce~ alone or in combination with each other~ on

growth of C. botulinum type E on McClung Toabe agar plate stored for 7 days at room

temperature.

•

•

Ingredient

Cayenne pepper

Garlic powder

Onion flakes

Say sauce

Spice mLx

White pepper

Ali spices + say sauce

Growth of C. botulinllm type E

+

+

+

+

+

+
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Toxin production by C. bOluIinum type Ewas inhibited in partially and fully cooked

trout burgers due ta the antimicrobial 8Ctivity ofthe spices used in the formulation.

Toxin production was inhibited in raw wontons due to their low final pH of <5

(minimum pH for the growth of C. bOlulinum type E) caused by the growth ofLAB, the

predominant spoilage bacteria found in the produ~ and/or the antimicrobial substances in

the ingredients.

Toxin production was inhibited in fried wontons probablydue ta moisture migration

from the fillings to the crust resuIting in a final 3w of<0.95 (Iimiting 3w for C. botulinum ta

grow) in the tillings, and/or the antimicrobial aetivity ofthe spices.
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GENERAL CONCLUSIONS

The seafood processing industry is an important component of the Canaclian food

industry, generating employment and billions of dollars in revenue. However, with

increasing environmental concems about dumping of tish wastes and dwindling of fish

stocks, it is critical to examine more profitable methods ofutilizing seafood processing waste

as weU as under-utilized fish species. One method is to produce value-added convenience

seafood produets.

This study had shown that good quality, microbiological and consumer acceptable

value-added trout products can he made using trout trimmings waste. Two new products

were created: value-added trout burgers and wontons. Sensory evaluation ofthese products

indicated that these fonnulated value-added products from trout trimmings were highly

acceptable and had a tremendous market potentiaL Thus, this study bas shown tha~ with

sorne modificatio~ an otherwise discarded material could he transfonned ioto a more

profitable product. The newproductcreated would notonlyaddress environmental concems

ofdumpingofseafood processing wastes, butalso lowerthecost ofdisposai and tum a waste

material inta profit.

Traditionally, value-added produets have been marketed frozen to ensure a longer

shelf-life. However, with increasingconsumerdemands for"fresh" products, and increasing

energy costs associated with freezing and frozen storage, modified atmosphere packaging is

considered one ofthe alternative methods in economizing energy costs while extending the

shelf-life ofproducts.

The potential ofMAP (gas packagingandoxygenabsorbenttechnology) inextending

the shelf-life of the newly formuIated value-added trout products bas been. investigated.

Under strict temperature control (refrigeration temperature at4°C)~both MAP trout burgers

and fried wontoos had a microbiological shelf-lifeof> 28 days. Even rawwonto~ wbich
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had a high initial microbiallo~ product shelf-life could he extended for more than a week

at 4°C compared to air packaged samples. However, the shelf-life of MAP raw wontons

decreased when stored under moderate temperature abuse conditions (12°C). The

effectiveness of MAP is not only dependant on temperatures but also the initial microbial

load ofproducts. Since fully cooked trout burgers and fried wontons had a longer cooking

processes, less microorganisms couldsurvive the cookingprocess, and thus cookedproducts,

as expected, wouid have a longerexpected shelf-life under MAP conditions. A shelf-life of

> 28 days could aIso he achieved when these products were stored at moderate temperature

abuse conditions underMAP. MAP also extended the sensorial shelf-life ofproduets, which

was usual1y longer than the microbiologicaI sheU:life. Furthermore, gas packaging, with

high levels ofCOl' was round to he slightlymore effective than oxygen absorbents to extend

5helf-llfe of the products stored onder refrigeration temperature.

While MAP canhe used to extend the shelf-lifeandkeeping qualityofthe formulated

value-added trout products, there are concems about the microbiological safety of 5uch

products, particularly with respect to the growth ofL monocytogenesand C. botu/inum type

E at mild temperature abuse storage conditions. Challenge studies were performed with

these two pathogens to address these safety concems.

Challenge stlldies with L. monocytogenes showed that this pathogen could grow at

both 4 and 12°C~ with 12°C being amore favorable condition for growth. Onlygas packaged

products with 80% CO! (balance N:J and stored at 4°C did not support the growth ofthis

pathogen. When storage temperature increased, L monocytogenes grew in aIl products,

regardless of gas annosphere. The presence ofthis Pathogen in the MAP products wouid

therefore pose a public health risk.. However~ the risk would appear minimal since L

monocyrogenes was not detected in any ofthe control samples. An interesting observation

was that L monocyt0..8enes did not grow well in raw wontons, probably due ta microbial

competition. L monocytogenes only grew insas packaged raw wontons storedat 12°C and

the level was significantly lower than the growth in other products stored onder simiIar



•

•

•

167

conditions.

No botulinal toxin was detected in any of the MAP products inoculated with c.
botulinum type E, even at mild storage temperature (12°C). The marginal élw of the trout

burgers and/or the use ofspices were suspected ta inlubit the growth ofC. botuIinum type

E. The low final pH « 5) of ra\v wontoDS7 due ta the growth of LAB, could aIso have

inhibited the growth of C. botuIinum type E in this product The low final élw « 0.95) of

med wonton after storage could have contributed to the inhibition of the growth of the

pathogen. [t would appear that the growth ofC. botulinum type E, and thus the production

of to~ in the fonnuIated value-added products was highly unlikely, even at storage

temperature abuse conditions.

In conclusio~ the utilization of trout processing wastes and MAP offers the food

industry a viable method of processing and storage of the formulated value-added trout

products. Furthermore, the products would appear to be safe with respect ta the growth of

c. botulinum type E. However, the produets did support the growth ofL monocytogenes.

Thus. there could he a public health concem if these products were contaminated with L.

monocytogenes.
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