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The effect of Potassium sorbate, Disodium EDTA, and combin-

ations of these salts on the Microbiological, Chemical, and

Sensory qualities of fresh Whitefish fillets were studied"

The microbiological examinations on the treated

fil-let pieces indicated that the potassium sorbate treatments

had significant inhibitory effects on the growth of spoilage

bacteria. It was indicated that the growth and replication

of Pseudomonas spp., the main spoilage organism was signifi-

cantly inhibited by a concentration of 4eo w/v for an exposure

time of five minutes. Kilting effects were observed as the

concentration was increased to approximately 6 to B% w/v for

five minutes exposure tirne. Residual sorbate concentration

\{as under the safe maximum permitted level only at the B to

10? w/v l-evel. Therefore 6Z w/v solutions could be used saf-

ely and effectively at a storag'e temperature of 3oc. Shelf

life extensions of approximately fifteen days were observed

at the 62 treatment level.

ABSTRACT

Organoleptic profiles of the cooked fish piece

saraples treated with potassium sorbate revealed effective

shelf life extensions of from ten to fourteen days over con-

trols " At the BZ 1evel the presence of the chemical could

be detected in taste and aroma after ten days storage at 3oC,

but at a level of 6Z potassium sorbate it could not be detec-

ted" Therefore a useful limit of 6Z w/v potassium sorbate
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for five minutes exposure time was determined to be approx-

imately the maximum for best results for fourteen to twenty

days storage at 3oC.

The calcium disodium salt of EDTA was found to

be ineffective in preventing spoilage at the Aeo level for

five minutes exposure time, and in some cases the treatment

was worse than controls after six days storage at 3oC. How-

ever, the disodium salt of EDTA was found to be effective in

forestalling spoilage at the 6 to B% levels for five minutes

exposure time. Shel-f life extensions of up to nineteen days

over controls, from a bacteriological standpoint, were obser-

ved" Ilowever, since levels of B to 10å could be detected af-

ter ten days storage, a maximum useful treatment leve1 would

k¡e from 4 to 6Z w/v for five minutes exposure time. Residual

levels of disodium EDTA in the fil-let pieces did not exceed

700 p.p.m. for the 6Z treatment level. Organoleptic evaluat-

ions revealed shelf life extensions of up to fourteen days

for treatments as mild as 6Z disodium EDTA.

tv

i{hen fish fillet piece samples were treated by a

combination of potassium sorbate and disodium EDTA solutions

at level-s of from 4 to 6Z w/v for a five minutes exposure

time the best results \^/ere obtained from the standpoint of

bacteriological shelf life extension, with shel-f life exten-

sions of from ten days for the 4Z level to over twenty days

for the 103 level. Iïorvever, since taste panels revealed un-



desired effects on taste and aroma for levels over B? w/v

for five minutes exposure time, the treatment range of from

4 to 6e" w/v for five minutes exposure time was found to be

the best treatment" Both bacteriological and organoleptic

factors \¡,/ere taken into account in arriving at this conclu-

sion. When samples \,^/ere treated with 62 solutions of the

two chemical-s one after the other, shelf life extension was

determined organoleptically to be as much as fourteen days "

v
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Of the total amount of freshwater fish marketed

in the world today the major portion is consumed in the

fresh unfrozen stater âs compared with the frozen and

processed. states. This is dependent upon consumer pref-

erence and distribution systems. In lesser developed

areas, due to lack of adequate refrigeration and trans-

portation systems most of the seasonal catcLr- is sold fresh-

in the local- markets. The rest is cured or dried by trad-

itional methods. In Ca.nada, th-e United States, and Western

Europe adequate refrigeration and reasonably good trans-

portation facilities are available. Th-ere is a high demand

for fish in more convenient forms.

In l4anítoba approximately 60% of all production is

marketed in the frozen whole or processed forms. Of the

$ f¡.28 million total sales of the Freshwater Fish Marketing

Corporation (r'r¡,lC) in the period May I/70 to April 30/7L

(FFMC Annual Report, I97J-\, $4.S9 million was sold as fillets.

Of this amount Whitefish accounted for $1.35 million or

approximately 302 of the total fillet sales " Th-e last pub-

lished preliminary totals for l-972 sh.ow increased sales

volume to approximately ç22"3 million (Canadian Fish-eries

Report, L973). i'{hitefish is therefore important for its }righ

price per pound and its high sales vol-ume. It finds a ready

market in Canada and the U.S.A" with B0? of all prod.uction

INTRODUCTIOTJ



exported to the south"

Losses due to spoilage in the range of 10U (based

on cu1ls, production loss, and inventory loss) represent a

loss of $ ¿401000 per year to cooperatives such as the FFMC,

with losses in Whitefish accounting for as much as $135'000"

Lower prices per pound to the fisherman, and higher prices

to the consumer, are the end results.

Tndications are that fresh fillets exported to the

U.S.A. undergo even greater amounts of spoilage with even

entire carloads or truckloads going bad.. (January 5/73 cornm-

unication from R. Rastogi formerly of the FFMC) " This spoil-

age is due in part to biochemical changies in the fish itself.

However, microbiological aspects become very important as the

raw product is further handled and processed and. as the time

from catch increases. Considerable savings would result if

most of the spoilage could be eliminated in some \day.

The freezing of fish fillets has largely overcome

bacteriological spoilage. Fresh unfrozen fillets, however,

seem to be more attractive to the consumer partly because of

the 'fresh' appeal but more so because of th-e organoleptic

superiority of fresh newly caught fil-lets over fresh- frozen

fillets "

Although the problems involved. with keeping fillets

fresh, begin at the time the fish is caught, they really start

at the time they are sliced off the fish itself" In essence,



this procedure amounts to an inoculation of the fish muscle,

normally sterile, with the normal psychrotrophic bacterial

flora of the skin, slime,9i11s. and some of the intestinal

fl-uid. If the temperaLure is not kept l-ow (0-5oC), growth

and subsequent spoilage will occur rapidly.

Experience has shown that cool temperatures are

insufficient to forestall fish spoilage, Castell et al., (l-949)

; Chai et al. , (1968) ; Evelyn and lrlcDermott (1961) ; Lerke et

a1., (f965); Levin (1968); Nair and Lahiry (1968); Shewan (1962')

i and Tama (1954). Maximum shelf life for clean Whitefish

fillets at 1 to 3oC is approximately 5 to 6 days. Although

washing of the fish before scaling and filleting has been pro-

ven to significantly reduce the bacterial load, it requires

large amounts of water. This extra usage would greatly inc-

rease the water pollution problems already existing at fish

processing plants such as the FFllC. Therefore a chemical tr-

eatment for extending the useful shelf life of fresh fillets

would be be preferred over a further washing treatment.

There is a continuing search for a suitable chem-

ical which could be used. to preserve fresh fillets, especial-

Iy l,lhitef ish f illets, and thus extend the normal shelf life

at refrigeration temperati.lres (f to :oc) .

The problem involves the finding of a chemical or

combination of chemicals, which could inhibit the oxidative

spoilage reactions and bacterial growth, vihile being accept-



able from a public health standpoint. The highest effect-

ive concentration(s) have to be such that the residuals left

in the fish are safe for human consumption with no long term

side effects" Fina1ly, if the treatment could meet all these

criteria it would also have to be acceptable from an organo-

leptic point of view. That is, the chemical treatment should

have no undersirable effects on the taste, sme1l, texture,

or col-our of the treated fish f illets "

The purpose of th-is study was to investigate the use

of potassium sorbate and EDTA salts to preserve fresll Whr-ite-

fish fillets. These two preservatives have been used for
other fish products with significantly successful results.
(See Literature Review pages Ig-22 and 2B-3L . An attempt

was therefore made to achieve similarly successful results
with f resh l{hitefish fillets, rvhich to date has not yet been

done "



THE MICROBIAL FLORA OF FRESHiI]ATER

The deterioration of fi sh muscle due to bacterial
growth overshadows al-l other causes of fish deterioration
(i\lair and Lahiry, 1968) . The bacterial f lora commonly assoc-

iated with the spoilage of freshwater fish, in decreasing

order of importance are the species from the folrowing genera:

Pseudomonas, Aeromonas, Micrococcus, and Lactobacillus, fo1low-
ed by: Escherichia, Brevibacterium, paracolobactrum, Aero-

bacter, Sarcina, Proteus, Bacillus, Alcaligenes, Achromo-

bacter, streptococcus, Flavobacterium, and chromobacterium

(Evelyn and l.{cDermott, 1961) . Tarr (1954) reported that many

of the spoilage bacteria are species of the genera coryne-

bacterium and l"lycopIana"

Environmental Cons iderations

Flora Commonly Encountered

LTTERATURE REVIEI^T

FISH ASSOCIATED WITH SPOILAGE

Shewan (L97l-) found that the above mentioned genera

represent the microbial environ¡nent from which the fish were

taken and that this phenomenon generally applied to any en-

vironment. He also found that the microbial pattern is dep-

endant upon seasonaltemperature, geographical- location,
species of fish involved, fishing method used, and the hand-

ling of the fish after the catch. Furthermore, variations
in the microbial popuration pattern result from the changing

5



of any one or al-l five of these factors. Shewan (1962)

showed that over 95qi" of the microorganisms in Northern

waters are psychrotrophic" !{ater temperature then plays

a major role in determining fish microflora.

Distribution of the Microflora

Nair and Lahiry (1968) found that the bod.y fluids

and muscle tissue of freshly caught fish were generally

sterile. However, the s1ime, gills, and intestines carry

high bacterial loads. Usually about LO2 to 105 organisms per

square centimeter are found on the skin or gills, while 103
tr

to 10' organisms per ml are found in the intestinal- fluid.

The Microbial Flora Of Cold Fresh Water Northern Lake Fish

According to Nair and Lahiry (1968), Pseudomonas,

Achromobacter, Flavobacterium, Micrococcus, and. Lactobacillus

usually predominate on col-d fresh water northern lake fish,

while Sarcina, Proteus, Bacillus, and a few other minor genera

are found in lesser numbers. At the time of catch Micrococcus

and Flavobacterium predominate on the bodies of these fish-

species. As spoilage progresses at cool temperatures (O-Soc )

these organisms are replaced by Pseudomonas and Achromobacter

species "

Characterization Of Spoilage Bacteria

are most

Various

It is clear then than a particular group of bacteria

ly responsible for the spoilage of fresh-water fish.

workers have found different Pseudomonas species to



be involved in spoilage. Pseudomonas putrefaciens was

identified as a fish spoilage microorga.nism in both salt

and fresh water fish by Castell et aI. (L949) and by

Silverio and Levin (L967) , respectively. Pseudomonas

fragi was identified by Castell and Greenough (f958) as

another fish spoilage microorganism. Studies by Chai and

co-workers (1968) indicaLed that on haddock fillets

Pseudomonas putrefaciens and fluorescent Pseudomonads in-

creased at a faster rate than atl other proteolytic micro-

organisms during refrigerated storage. Si:nilar findings were

reported by Corlett and co-workers (1965) on their work with

dover sofe fillets" These findings may also apply to fresh

water fish such as Whitefish

Results such as those published by Lerke and co-

workers (1965) indicate that not only is Pseudomonas

implicated in the psychrotrophic spoilage of English sole

fi11ets, but they go one step further and identify the

specific groups of Pseudomonads which are most responsible

for this spoilage" other workers found. sjmilar results with

haddock ( Power et al., 1968; Levin, 1968; Chai et al., 1968;

Boyd and Southcott, 1968) , with ocean perch ( Lee et al",

L967) , and with cod ( Regier et a1., 1970) "

The Lerke group used the classification scheme of

Shewan and co-workers (1960) to classify their isolates from

plate counts of spoiling fish into four categories of Pseudo-



monas org,anisms on the basis of biochemical activity and

pigmentation ( Tabl-e 1) " They found two out of sevenLy

Group 1 cultures to be capable of spoiling fish" None of the

one hundred and fifty-nine Group II isolates \,vere found to

be capable of spoiling fish" A1I forty-nine of the Groups

III and IV isol-ates were found to be capable of causing

deteriorative spoilage.

Lerke's group found that only certain species in

the Pseudomonas-Achromobacter group, which grew well at

5oC , could spoil their English sole fillets. No spoilage

organisms were found in the Coryneforms, Micrococci, or

Flavobacteria. About 29e" of the Pseudomonas-Achromobacter

group were found to be able to spoil the sole fillets.

They could not however, find significant bioch-emical dif-

ferences between organisms causing spoilage and those which

did not, that could be correlated. to any degree.

A Vibrio group was found. which was fermentative,

prod.uced acid, but no gas in glucose, and an Aeromonas group

was found which was also fermentative, acid positive, but

produced gas in glucose" Both groups were found to be cap-

able of producing spoilage.

FinalIy, they found that althougtl Flavobacterium

could girow well- at 5oC , none of the cultures they isolated.

could spoil fish press juice"

Due to the extremely complex microbiological popu-



TABLE 1

DIFFERENTTATION OF THE PSEUDOMONAS GROUP

PSEUDOMONAS GROUPS

T

II

III

ÏV

MODES

HUGH-LEIFSON

*Shewan et aI., l-960

OXÏDATTVE

OXIDATIVE

ALKALÏNE

NEGATTVE

OF DIFFERENTTATTON

TEST P]GMENTATION

DIFFUSIBLE GREEN

NO DIFFUSIBLE PIGMENT

NON-PTGMENTED

NON-PIGMENTED



lation and its activity, it could be suggested that

haps the problem of spoilage should be looked at on

er group type level rather than looking at specific

age bacteria.

The Spoilage Process

Immediately after death a corûp1ex series of

enzymic changes occur in the fish muscle. Shewan (L962) re-

ported that the flesh remains sterile for three to four days

at OOc. Evidently there are four possible pathways which

bacteria may fol-Iow in order to enter and degrade the fish

muscle" The first pathway invol-ves entry of the organisms

through the gill tissues, proceeding along the vascular

system, particularly along the caudal vein, through the kid-

neys, and then after some days, into the muscle tissue" The

second pathway involves the penetration of the organisms

through the intestines inLo the body cavity and belly wa11s.

The third pathway involves the entry of the organisms through

the skin and into the flesh of the fish. The fourt.h path-

way is the most significant one in considering the spoilege

of freshly cut fillets. It amounts to a surface, and in

most cases, a subsurface inoculation, of organisms into the

exposed muscle tissue during and after handling.
'The Antibiotic Properties Of Mucus Slime

per-

a high-

spoi 1-

10

Fletcher (1968); Brock (l-958) ; and Braekkan and

Boge (l-964) all reported that the mucus sl-ime of fish,



aÌthough containing thousands of bacteria per ml , has

antibiotic properties which prevent the penetration of

the surface bacterj-a to a high degree. Once this pro-

tection has been removed and the unprotected tissue is

exposed, spoílage will begin to occur.

FISH PRESERVATION: HISTORICAL I'IETHODS (BORGSTROM

The oldest methods of preserving fish are salting,

drying, and smoking. These methods are still in use today.

Although they remain basically unchanged, refinements have

been made in each process" Sodium chloride and potassium

nitrate salts r{ere used in order to give a long shelf-life

to a valuable food protein source. Salt fish is more of a

delicacy than a staple in most parts of the world today"

As early as 3500 B.C. the river delta civil-l-z-

ations of l"lesopotamia, Egypto and the Indus Vatley used

dried, salted fish. Salting had a two-fold function" It

provided an antiseptic action and lowered the available

moisture levels below minimum bacterial requirements.

Smoking of foods goes back into tlistory at least

as far as fire does, and was probably used before salt as a

preservative. It was most likely discovered that fish hung

near the smoke vent of a cave or tent were penetrated by

the vapours and smoke with the result that they tasted more

interesting than raw or cooked fish. More importantly, they

Salting, Smoking, and Drying

l1

1969)



lasted longer without spoiling, than fish which had been

stored elsewhere. The vapours and smoke contain a wide

range of chemical compounds. Their exact nature and com-

position depend upon such things as the type of wood used

and the time-temperature factors" The mixture of compounds

generaÌ1y may be said to contain al-cohols, organic acids,

phenols, aldehyd^es, ketones, ethers, a-nd hydrocarbons.

In later years, fish were smoked over hardwood and

hardwood sawdust fires. This imparted surface sterilization,

lowered moisture content, and increased salt concentration,

which together with the antiseptic action of the smoke con-

stituents checked microbial spoilage quite we1l.

Today smoking is used to impart a distinctive

flavour and. color rather than for its preservative properties.

Products such as smoked salmon, whitefish, and herring are

traditionally popular smoked fishes.

Drying of fish in the open air is tlre most ancient

method of preserving fish. The Phoenicians relied heavily on

air-dried fish as a staple dietary item. This form of pre-

servation has been practised to date by almost every fishing

country to some extent" The evaporation of water results in

a drastically lowered availability of moisture necessary for

bacterial growth and spoilage.

Often a combination of the above methrods was used

such as drying and salting. This proved to be the most

I2



effective since moisture concentration was greatly lowered

while salt concentration was greatly increased. Since most

bacteria are inhibited by a 15% salt concentration spoil-

age was effectively forestalled.

Marinatinq, Fat-Embeddinq, And Lime-Curing

Marinating in vinegar dates back to Roman times

when this method was used on tuna, mackerel, and perch.

The Amazons used a method of fat-embedding to preserve fish"

They catled it 'mixiria'. Lime-curing of fish- was practised

in the Middle Ages in Scandinavia with dried pike, cod, and

1ing. It was used to make dried fish more appetizing and

easier to reconstitute.

Freezing And Freeze-Dryi-ng,

Peoples such as the North American Plains Tndians

used natural winter temperatures to freeze and preserve

their fish. In the sixteenth century the Norwegians I freeze-

dried' their catch by hanging the fish in below freezing

fast moving winds.

FTSH PRESERVATION: METHODS OF THE INDUSTRIAÏ, ERA

13

All the previously mentioned traditional methods

are still used today to some extent buL mostly for the

flsvelopment of flavour and aroma rather than entirely for
preservation "

Canning And Heat Processing

Except for the discovery around 1300 A"D. that gut-



ting significantly improved the quality of satted herring,
no radical-ly new methods of fish preservation were developed

until the ninteenth century. About this time Nicolas Appert

invented the process of heat treatment combined with hermetic

sealing. The applicability of the canning process depends

upon the characteristics of the fish species to be canned..

In general, factors such as water content and fat content

dictate the final characteristics of fish preserved in this
way" Some species such as sardines, salmon, tuna, and

herring are particularly suited to this type of preserva-

tion process, whereas others sucir as cod and hake are not

particularly suited unless they are specially prepared in

sauces or spices, for example (Borgstrom, 1969).

Live Products

Keeping fish alive in the holds of fishing vessels

until reaching port was a practise introduced in England

in I7L2. By the end of the ninteenth century fish pens were

coinmon on the Great Lakes for the retention of sturgeon and

whitefish in the fall for sale in early winter (Borgstrom,

Ie6e).

Natural Ice, Chilling, And Freezinq

I4

From tB05 onwards natural ice was used in the

Southern United States" Today approximately half of all
fishery products in North America are preserved in ice

during transportation and holding for immediate sale in



local markets.

The development of mechanical refrigeration

made it possible to keep fish fresh at times when natural

ice was not avail-able and also lowered the cost of trans-

port due to weight reduction in the absence or partial lack

of ice. Although the first refrigeration apparatus was made

in England in 1834 by an American named perkins, the first

practical compressors were not developed until L874. They

used either sulfur di-oxide or ammonia as refrigerants.

Natural freezing was first used many centuries

ago" Probably the Scandinavian fishermen were the first to

use it" rce-sal-t mixtures were used even before the advent

of the refrigeration compressor apparatus. At the beginning

of the nineteenth century ice-sal-t mixtures were used to hold

salmon at rnuch lower temperatures than could ice alone dur-

ing transport to local markets. In 1868 this process was

used. in a plate freezer apparatus with the mixture separated

from the fish by thin metal pans which held. the fish. In

LB67 Reece invented an ammonia freezing machine. The first

prant for the freezing of fish was erected in New south wales

, Australia, in l-873. lrfechanical- freezing of fish on board

ships was first employed in Astrakhan, Russia, in 1888" The

Japanese first attempted freezing of fish commercially in

1901, and by L923 several of these types of plants were in

operation.

15

The freezing process today is well developed"

Itluch research has been done in order to develop the best



methods of freezing to provide a quality product with as

long a shelf l-ife as 6 months. For instance, the best

way to freeze fish is to rapidly freeze it" This may be

accomplished by various means such as blast free zing t or

by fast freezing in liquid gases. For example, liquid

nitrogen freezing has a large advantage over cold air

freezing in that the loss of weight due Lo evaporation j-s

less than IU as compared with 6 to B? by air freezing.

This fast freezing process has the effect of preventing

excessive drip loss due to ice crystal disruption of tissue

integrity. cell damage, loss of flavour, and discoloration

are reduced or entirely prevented and the nitrogen atmosphere

prevents oxidative deterioration. A further advantage of

nitrogen freezing systems over conventional systems, is that

they take up approximately one sixth of the space normally

required for air freezing systems" Glazing also prevents

moisture loss during storage. The filleting process itself

facilitates faster freezing and easier handling (Borgstrom,

1969 ) .

Tanikawa and Shitamori (1963) indicated that treat-

ment of fish and fillets prior to freezing with polypho-

sphates considerably reduced drip loss upon thawing and even

slightly enhanced texture and flavour over non-treated cont-

rols " vacuum packaged frozen trout and shrimp have proven to

be superior in quality than if packaged in other ways.
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In addition to the historical methods such as

salting, smoking, marinating, fat-embedding, lime-curing"

pickling, and fermentation, new techniques have recently

been investigated" These techniques usually involve the

addition of a chemical to the fish by surface application

in the form of a dip or spray" The following list will be

limited to chemicals which have been used or could possibly

be used. for the preservation of fish fillets.

Chlorine and related compounds

Chemical Preservation

The use of chl-orine and related compounds either

in water solution or in germicidal ices as a fish prês€rvâ:

tive was reported as earì-y as 1923 by Gibbs. He found that

ice containing 0.025% sodium hypochlorite was somewhat effec-

tive in controlling bacterial spoilage of whole eviscerated

iced fish. Later in 1926, Chen and Fellers published their

findings on sodium hypochlorite preservation of fish. By

washing fish in solutions of 0.68 available chlorine in the

forrn of sodium hypochlorite spoilage was delayed. However,

halibut unfortunately displayed the pecutiarity of turning

yel1ow "

L7

Tarr (1961), however, did not recommend the use

of chlorine or related compounds that readily liberate free

chloride ions" They are practically ineffective in pres-
erving fish owing to the chloride ion's great instability in



the presence of readily oxidizable organic materials such

as fish. Ilovrever, he did recommend that these compound.s

could be used as sanitation agents in fish plants.

Conflicting reports exist about the reason for

the effectiveness of sodium chloride as a preservative. The

foremost reason for its preservative activity is because of

i-ts dehydrating capacity and its detrimental osrnotic effects

on most bacterial cel-rs. sorne reports indicate that the

chloride ion in solution has germicidal activity. However,

other reports dispel this claim because of the reasons posed

by Tarr as stated above. They affirm that it is the activity

of the sodium íon which is germicidal. Whichever is the

case, the more significant information which has been gained

about the activity of sodium chloride in preserving fish and

fish products is that in some species of fish , especial_ly

with whitefish, rancidity is accelerated by the use of sodium

chl-oride and the presence of heavy metal ions. castell et

af ", (1965) ; Banks (1937) ¡ Banks et al., (L9s7) ¡ 'rarr (L944) .

Tarr and Sunderland (1940) investigated the use

of sodium chloride with various other preservative compound.s.

Chemicals such as benzoic acid, para-hydroxy-benzoic acid

ethyl ester, sulfur dioxide, hydrogen peroxide, chloroform,
potassium nitrate, boric acid, hydrochloric acid, sodium

nitrate, and potassiun nitrate have been investigated in con-

junction with sodium chloride. tïowever, limited success was

1B



found with most of them" The best results were found with

nitrates. FIowever, the use of these compound.s is becoming

increasingry discouraged" The probrems of carcinogenic

nitrosamines being formed and colour changes occuring in
some cases, prevent the use of nitrites on fish (sen et al.,
1970) "

Benzoic acid occurs naturally ín cranberries,

lingonberries, cloudberries, loganberries, some blackberries,

prunes, and green gage plums" They act as natural preserva-

tives and in the first two examples occur frequently in quan-

tities exceeding the maximum limit set for manufacturing

processes of 0.14. The optimum working pH range is between

2.5 and 4.0" Therefore if a food. such as fish, which has a

pH of about 6.0 is preserved with benzoic acid, the saJne

amount of benzoate added at the different pH will work only
about one-hundredth as well as at pH 3.0.Magnesium benzoate

often replaces or accompanies the sodium salt (Borgistrom,

Le69) "

Nitrites are not permitted on fresh fish in Canada.

Benzoic acid and benzoates

I9

Sorbic acid has been used extensively in the

fruit and fruit preserves industry to great advantage. rt
has the capacity to inhibit yeast and mol-d growth at low

concentrations. At present a maximum of 0.lu sorbic acid is
permitted in fruit preserves, jarns, and. jeIIies" This ef-

Sorbic acid and sorbates



fectively controls the most resistant and tenacj-ous micro-

organisms such as the osmophilic yeasts (Borgstrom, 1969) "

Sorbic acid is easily metabolízed in humans to

carbon dioxide and water. It inhibits several species of

moIds, yeasts, and some bacteria" Its operating mechanism

was described by Emard and Vaughn (1952) " Apparently it.

blocks the normal functioning of some sulfhydryl group

containing enzymes. The blockingi mecha-nism is selective as

it suppresses catalase positive organisms such as most

bacteria, actinomycetes, molds, and yeasts.

Recently, work carried out by Devebere et al.,
(I972) indicated that psychrophiles of the genera Pseudo-

monas, Micrococcus, and Achromobacter responsible for fish

spoilage at 1ow temperatures, could be inhibited by treat-
ment with 0.33 sorbic acid.

Wallhauser and Luck (L972) reported results which

indicated that Escherichia coli and Aerobacter aerogenes re-
quired lower inhibitory concentrations of sorbic acid than

did Staphylococcus aureus and Pseudomonas aeruginosa, with

thé least effect of all on Lactobacill-us arabinosus, of fae-

cal origin. Sorbic acid does not ìnterfere with Leuconostoc

spp. and Cl-ostridium spp. and in fact may even promote

their growth.

20

Belgian workers have found sorbic acid. to have an

inhibitory effect on the production of trimethylamine in



marine fish (Devebere and Voets, 1970). Sorbic acid has

been successfully applied as a preservative to sauerkraut,

wines, cheese, bread, liquid eggs, fruits, margarines,

sausages, shrimps, deep fried fish, and salad dressings" A

Japanese patent (1971) makes use of Vitamin B compounds to

enhance the effects of sorbic acid in a synergistic manner.

Little work has been attempted on fresh fish

fillets using sorbic acid as a preservative. some work with

this chemical has been done on fish fluids and acidified

processed fish products. There is a problem in that sorbic

acid's inhibitory activity is at a maximum around pH 5.0,

whereas the pH of the fish is closer to 6.0. Obviously,

if sorbic acid is to be at all effective in forestal_ling

bacterial spoilage of fi1lets, then a higher concentration

and. longer exposure time than that used for fruits or acid-

ified fish products may be required.

The legally permitted concentration of sorbic

acid in fish is 2,O00 p.p.m., up to 31000 p.p.m. in certain

other foods in the United States, and a maximum limit of

11000 p.p.m. in Canada. To date, Do research data has been

foundr or the treatment of whitefish fil-lets with sorbic

acid as a preservative treatment. one of the possible side

benefits to treating fillets with this chemical was eluci-

dated by Ando and Nagata (1971) " They found thaL sorbic acid

increased the water binding capacity of the fish muscle.

2L



This activity is reflected in less water loss during fresh

storage and even more especially on thawing after having

been frozen. Shtenburg and Ignat'ev (I970) carried out a

toxicological evaluation of some combinations of food pre-

servatives, one among them being sorbic acid. The chemicals

used for the study were nisin (dosage: 2-4 mg/kg animal

weight); sorbic acid (40-80 mg/kg) ¡ benzoic acid (40-80 mg/

kg); sodium bisulphite (80-160 mg/kg) ¡ and combinations of

the above. From conclusions on short and long term studies

on rats and mice it was found that 40 to B0 mg/kg animal

weight daily dose of sorbic acid was not harmful while all

the other chemicals a-nd combinations of chemicals caused at

least some harmful effects" They decided that further res-

trictions should be placed on the use of benzoate and sul-

phite and that sorbate should be used, wherever possible, as

an al-ternative.

Propionic acid and propionates

22

Propionic acid is a product of bacterial enzymic

activity on lactic acid during the manufacture of Swiss cheese.

It prevents mold grovrth and contributes to the flavour of the

cheese as well" The Cevelopment of bread mold and rope caused

by Bacillus mesentericus is prevented by adding 0.2 to 0.42

calcium and sodium propíonate to the flour as a preservative

measure 
"

These compounds are also used to prevent mold



growth in cottage cheese, fruit, vegetables, chocolat.e and

malt extracts, and food wrappers are impregnated with them

also. In India, before salting, fish have been dipped in

propionic acid solution as a preservative measure (Borgstrom,

1969).

Preservative sol-utions containing propionic acid

and its sodium salt in combination with benzoic acid and

its sodium salt have been moderately successful when used

in ice or dipping sol-utions(nrench patent , LgTO). Optimum

activity is within the pH range of 3.5 to 4.5. Therefore as

it is used presently it would not in low concentrations (eg.

lower than 3"000 p.p.m.) have much of a preservative effect

on fish which has a more neutral pH. The lega1 permitted

limit is 3800 p.p.m. in the U.S.A. and 3,000 p.p.m. in

Canada.

Acetic acid and. acetates

Acetic acid has been found to be one of the most

efficient weak acids for the preservation of fruits and veg-

etables. It is used in the manufacture of catsup, mayonnaise,

pickles, and other products. It is easiì-y metabolized by

humans and is much more potent a germicide at the same pH

than both lactic and acetic acids. Sodium diacetate is used

to prevent ropiness in bread and is permitted to a maximum

residual of 3r000 p.p.rn. in Canada (Borgstrom, 1969). Acetic

acid has been used to marinate fj-sh such as herring but would.
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be unsuitable for fresh fish fillets due to its vinegary

taste.

The germicidal act.ivity of fruit juices is due

mainly to the presence of citric, malic, and tartaric acids"

ft has been found that a pre-treatment of fish by a dip in

citric acid or sodium citrate solutions improves the keeping

quality of subsequently dried fish products such as Indian

'choodair (Ingram et aI., 1956).

Germicidal ices

Citric acid and citrates

Various chemicals have been incorporated into

ices as an extra preservative measure. Among those compounds

used are: sodium chloride, sodium hypochlorite (Gibbs, 1923) ,

sodium benzoate, antibiotics, nitrites and nitrates, and oz-

one. Antibiotic usage in ice, especially the use of chlor-

tetracycline, has been accepted in North America as a method

of keeping fish fresh until reaching port (Frazier, L967').

However, in recent years Canada has disallowed its use, due

to pubtic health reasons.

24

Sa1mon and LeGalI (1936) recommended the use of

ozone to maintain the freshness of fish. They found that a

concentration of 2.0 mg/cm3 or O.02 mg/liter \das effective

in controlling Pseudomonas spp. The disadvantage in the use

of ozone is that it is not accepted for use in fish preser-

Ozone and ozonated ice and water



vation nor is it likely to be because of the possible dangers

to human health in its generation if inferior or maladjusted

equipment is used, and because of its strong oxidative prop-

erties.

Hydrogen peroxide

Metzner et al., (1938) reported the first usage

of hydrogen peroxide to preserve whole fish and fi1lets.

They used a 0"32 solution of hydrogen peroxide. Lucke (1938)

however, disagreed with this treatment because of the fact

that it was merely surface active and gave a misleading idea

of the real quality of the físh. Tarr and Sunderland (1940)

found that hydrogen peroxide had only a transient effect on

fish and the microorganisms which caused spoilage. This was

presumably because the muscle catalase rapidly decomposed it..
Hex am e thy 1 e n ete tr am i n e

Hexamethylenetetramine is used in ScandinavÍa

and Continental Europe as a fish preservative (Borgstrom,

1969). In order to be activated it must first be hydrolyt-
icalIy split in acid media. This hydrolysis reaction forms

formaldehyde, a natural constituent in many fish and fish
products. It is used in concentrations of O.02 to 0.25% and

cannot be considered toxic in these concentrations. L.D.S0

concentration for rats is 9.2 gm/kg . Bacterial growth is

suppressed at a concentration of 0"05% at pH 7"0, yeasts

by 1"0% , and molds by 5Z
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forming

induces

is not

This chemical actually kil1s microorganisms by

methylene bonds by reaction with proteins " This

hardening, and Lherefore treatment of tissue with it

entirely satisfactory from a textural viewpoint.

Formic acid

Formic acid, a natural constituent of currants,

grapes, and honey, has been used as a preservative for hold-

ing fish until processing. In concentrations of 0"15 to 0"22

the growth of yeast, mol-ds, and lactic acid among other bac-

teria are suppressed.. Formic acid partially inactivates

lipases, peroxidases, and dehydrases, while catalases are

more fully suppressed (Borgstrom, L969) "

Nitrites

Nitrites were first used as a colour fixaLive and

not as bacteriostats. Nitrites are able to inhibit some bac-

teria but are much less able to inhibit common Lactobacilli

and Streptococci, which are rather resistant. The maximum

allowed level of nitrite in food is 200 p.p.m. but leveIs

are usually found at from 75 to L75 p"p.m.
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Tarr and Sunderland (1940) found that 0.1? pot-

assium nitrite was excellent for the retardation of bacterial

growth. It was also good because nitrites were found to dis-

appear by reduction to ammonia by certain bacteria" Un-

fortunately this disappearance is dependent upon the amount

of nitrite reducers present, which varies.

Yamada and Murata (1949) found that the use of



0"02? sodium nitrite in conjunction with 5Z sodium chloride
and ice, inhibited bacteria and trimethylamine production.

The action of sodium nitrite is pH dependent with no effect
over pH 6.0, however pH 5.7 (200 ug/mJ-) is the pH at which

optimum inhibition occurs. That pH is close to the normal

condition in fish muscle.

Unfortunately there are serious disadvantages

to the use of nitrites in preserving meat or fish. ft has

been proven that nitrites have a pro-oxidant activity on

frozen fish, and they are mildly antioxidant in unf,rozen fish.
sen et aI. (1970) demonstrated that a more serious dis-
advantage is that nitrosamines are formed in nitrite treated

fish. They showed that the sodium nitrite reacts with various

methylamines present in fish Lo give nitrosamines, such as

dimethylnitrosamine, which are potential carcinogens.

Sulphur dioxijle

Tarr and Sunderland (1940) reported this chemical

as an unsuitable preservative in the case of fish as it ap-

parently affects a reduction of trimethylamineoxide to trim-
ethylamine and has detrimental effects on Vitamin Brr.

Antibiotics
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Chlortetracycline is obtained from Streptomyces

aureofaciens, oxytetracycline from S. ramosus. Both anti-

biotics are used in many countries, among' them the U.S.A.,

U"S"S"R., and Japan, for holding fish in ice until proces-



sing. The maximum permitted 1eve1 ís 10 to 15 p.p.m" The

use of antibiotics is recommended only with the use of chill

temperatures as close to OoC as possibl-e. The danger is

that as the lower temperature limit is passed, pathogenic

organisms resistant to the antibiotics become dominant and

constitute a health hazard. The genetic development of new

resistant strains of human pathogens is also a dangerous

possibility. Therefore anitbiotics cannot seriously be con-

sidered as a feasible long term alternative to other pre-

servative chemicals which may be just as effective.

Approximately 5 to 103 of the population is a1-

lergic in some degree to some or all of the antibiotics.

This presents marketing problems and therefore use of these

agents is declining (Tarr, 1961) "

There has been considerable research done on

the use of antibiotics in fish, however it. is not the writer's
intention to go into Lhe topic in any more detail than des-

cribed above. Papers of interest on this topic includes:

Lee et al., (L967 ) and Boyd and Southcott (1968).

Antioxidants

2B

Borgstrom (1969) reported that

2, 5-dihydoxybenzoic acid or gentisic acid

with considerable success in improving the

ing quaÌity of meats and fishes because of

in water and their overal-l effectiveness.

gentisates such as

have been used

flavour and keep-

their sol-ubility

Ethyl gallate has



proven to be an effective antioxidant for salmon and herring

but its use wil-l- soon be prohibited in North America.

Ascorbic acid has a synergistic effect in combination with

other antioxidants and is a useful additive to fatty fishes

in the prevention of rancidity" fn Russia both butylated

hydroxyanisole and butylated hydroxytoluene have been success-

fuJ-ly applied to fish as antioxidants in the form of heated

aerosols. EDTA salts and related compounds have received a

considerable amount of attention in recent years as food

antioxidants and also as preservatives of oxidizabl-e fats,

oi1s, etc" For example, it has been found that in Sal-mon

muscle 100 to 500 p.p.m" of disodium EDTA effectively re-

tards oxidative rancidity and subsequent odour formation.

Similar studies by Boyd and Southcott (1968) witf¡ other fatty

fish have shown similar results. These workers dipped Pacific

cod fillets in 1Z EDTA sol-utions. The calcium disodium salt

was found to be ineffective in forestalling spoilage, however,

the disodium salt was found to be somewhat effective. pelroy

and Seaman (1969) dipped sole and ocean perch in 1S EDTA so1-

utions. They obtained a 7 Lo 10 day shetf life extension

with disodium EDTA treated fillets stored in vacuum packed.

plastic bags. The treatment with the calcium salt was less

effective with only a 4 day extension in shelf life" They

found that the extensions t{ere due to the inhibition of

Pseudomonas spp. Power et aI., (1968) treated haddock fil-

letts with three solutions of EDTA salts " They found no ex-
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tension of the shelf life with the calcium disodium saltr âo

11 day extension with tetrasodium EDTA, and a 6 day extension

with disodium EDTA. Regier et al., (1970) treated cod and

haddock fillets directly off a commercial filleting line with

various EDTA solutions in the form of a spray. They found

little effect on the overall numbers of bacteria. However,

they observed a decrease in Achromobacter spp. originally

present in large numbers, and an increase in Pseudomonas

spp" originally present ín smaller numbers" Pseudomonas

became the dominant group by the time spoilage was evident"

On further examination they discovered that sharp changes

were occurring within the Pseudomonas group itself" Castell

et al. (1949) found that Pseudomonas putrefaciens, which has

been implicated as a particularly active spoilage organism,

was suppressed by the treatments with the sodium and calcium

disodium salts of EDTA. Again, the sodium salt was proven to

be more effective than the calcium disodium salt. Gray and

Wilkinson (1965) showed that EDTA is bactericidal for

Pseudomonas aeruginosa with 0.000U"I destroying over 99.992

of the cells in a suspension. Castell (L949) found that

Pseudomonas Groups I and II were not sensitive to the EDTA

treatment and Group II proliferated in spite of the presence

of EDTA ivhil-e Group I neither increased nor decreased.

Goldschmidt and In/yss (1966) att.ributed the toxicity of EDTA

to cornplexes formed between EDTA and nitrogen compounds"

Levin (I967) found that the proportion of Pseud.omonas put-
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refaciens and. Pseudomonas fluorescens of the total spoil-

age flora was not significantly changed between untreated

and EDTA treated haddock fillets. However their initial

growth response was markedly affected. He also found that

EDTA treated haddock fillets showed improved odour and

taste scores over controls.

There is a possibj-lity that the EDTA could

tend to decrease the available calcium in certain foods

through chelation and thus partially destroy the nutri-

tional value of the food. It is for this reason that public

heaith advisory agencies are recofirmending that continuing

research rvith EDTA be done with the calcium or calcium dis-

odium salts of EDTA rather than the sodium salts. The use

of the calcium sal-ts of EDTA minimizes the danger of calcium

removal- from the food through chelation, Unfortunately since

it is the chelating action of EDTA which is responsible for

the inhibition of bacterial- enzyme systems, a reduced calcium

chelating capacity also affects the ability of the treatment

to inhibit bacterial spoilage. A 300 p.p.m. residual of dis-

odium EDTA could chelate 13 to 404 of the available calcium

present in a cod or haddock filIet. Toxicity studies with

rats fed EDTA sal-ts found no toxic effects with the calcium

disodium salt over one year and rvith the disodium salt over

a tivelve week period (Chan and Yang, 7964).

luliscellaneous compounds and mixtures
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butylhydroperoxide was effective against bacteria which

cause low temperature spoilage (around 4oC ) of fish in

concentrations of from 20 to 30 p"p"m.

A Japanese Patent (I970) reported that water

bleached, finely divided fish meat mixed with certain amino

acids and sorbitol prior to freezing and storage undergoe"s

minimal protein degradation.

Another United States Patent (1970) described

aqueous compositions containing certain 2-OH-polychlorod.i-

phenyl ethers and polyalkylene polyaminopolyacetic acid salts

as having been successful in preserving fish"

Natural antimicrobial factors in fish

Brock (1958) and Braekkan and Boge (1964) found

that protamines such as clupeine and salmine which are abun-

dant in the milt of fish have antimicrobial characteristics.

These antimicrobial factors control and limit bacterial growth

in fish and make it impossible for bacteria to penetrate the

epidermis under normal conditions. These antimicrobial

factors may possibly be purified from fish milt during the

washing procedure and added back onto the washed fish as a

preservative. No workers seem to have yet investigated this

possibility.

Controlled Atmospheres
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The effects of

to fish as a preservative

controlled atmosphere application

technique have been rve11 outlined



by various workers Shaw and Nicol (1969) i Shewan (L949) ì

(1970) ; Michael et al., (1968) ; Durrant (1969) .

Shewan (L949) described controlled atmospheres

of g5Z carbon dioxide as good for the control of bacteria

on fresh fish. The major disadvantage to its use was that

it had an objectionable effect on the appearance of the fish"

He reported similar effects in 1970. Carbon dioxide was

applied through dry ice in closed containers and they were

then flushed with carbon dioxide to remove the remaining

air. Michael and co-workers (1968) found that commercial

haddock fillets stored at 3oC in 0, 30, 70, or 1003 carbon

dioxide all showed an increase in shelf life over non-

treated air controls. A sharp increase of twelve days over

the air treated samples shelf life of five days was obtained

with 100U carbon dioxide treatment.

The gram-negative group of bacteria, predominantly

Pseudomonas, Achromobacter, Alcaligenes, and Vibrio-Aeromonas

Group, were almost completly suppressed by storage in carbon

dioxide. This evidence is supported by the findings of Shaw

and Nicol (1969). They found that at 5oC non-pigmented

Pseudomonas were not inhibited over the range of 0.8 to 1003

environmental oxygen. However, at 0"22 oxygen the growth

rate was one quarter of that in normal air. They did not

grow at all in the absence of air. Pigmented Pseudomonads

were inhibited by 10% carbon dioxide" Inhibition was found

to be independant of oxygen concentration above 1A oxygen"

33



Micrococcus was not inhibited by 10U carbon dioxide. The

inhibition mechanism was unclear but perhaps it could have

been due to an unfavourable decrease in pH or by specific

inhibition 
"

bon dioxide favoured the growth of Lactobacilli, Streptococci,

and some Micrococci. They found that carbon dioxide comb-

ined with gamma irradiation of 100 krad was effective in
eliminating Pseudomonads completely (see rrradiation pres-

ervation) .

Durrant (1969) reported on the use of carbon

dioxide saturated brines to preserve fish or as a holding

procedure. However, he pointed out that there was a pot-

ential danger in that anaerobes could gro\^/ and utilize su1-

phur containing amino acids to produce poisonous hydrogen

sulphide.

Other workers report that even though carbon dio-
xide may successfully extend shelf life from a microbiol-
ogical standpoint, unfavourabre changes in colour and texture
occur in some fish species treated in this way.

Irradiation Preservation

Michael and co-workers (1968) found that car-
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Various workers have found l-ow l_eve1 gamma ir-

radiation to be somewhat effective in controlling the growth

of bacteria on fish and fish products. The general rule of

thumb seems to be that t.he higher the level of irradiation

the more pronounced is the effect of kill on microorganisms.



Howeverr âs the level of irradiation increases the del-

eterious effect of irradiation on flavour increases 
"

Diehl and co-workers (I969) found that radiation
rpasteurizationt can reduce bacterial- counts by a factor

of 104 to 107 bacterial numbers per gram of fish, with sub-

sequent refrigeration. A radiation dose of 0"5 Mrad can

d-oub1e or triple the maximum cold storage life of meat,

chicken, fish, and strawberries" Meat is peculiar in that

it may acquire an unpleasant taste when subjected to the

required treatment unless it is carried out below -2OoC.

Irradiation sterilization below -9Ooc usually will reduce

the deleterious effects almost wholly.

lr[ichael and co-workers (1968) found that com-

mercial haddock fillets treated with ganrma irradiation and

stored in 100å carbon dioxide were preserved an extra seven

days over controls rvhich were merely treated with 100U car-

bon dioxide controlled. incu-bation atmosphere. Pseudomonas '
Achromobacter, Alcaligenes, and. the Vibrio-Aeromonas Group

were almost completely suppressed by storage in carbon dioxide

while the irradiation eliminated the Pseudomonads completely.

Liston and Matches (1969) found 50 Krad irradia-

tion to have no effect on the extension of shelf life of

very fresh low count fish stored at loc ín potyethylene bags.

They packed l{hitefish in plastic films impermeable to oxygen

and water and treated their samples with radiation at 100

Krad" They then stored them in wet ice for six weeks. Sen-
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sory, chemical, and microbiological tests revealed that

the 100 Krad treatraent extended the shelf l-ife of the fresh

whitefish from nine days for the untreated controls to twen-

ty-three days for the treatments. They found that 100 Krad

reduced the total bacterial population by approximately 702

compared with untreated fish, while doses of 200 to 400 Krad

decreased counts to less than 100 organísms per gram.

Miscellaneous Preservative Techniques

Price and Lee (1969 ¡ I970) reported that Lacto-

bacill-i from marine sources which produced hydrogen peroxide

could. inhibit the growth of Pseudomonas and prevent or at

least delay subsequent spoilage. They also found that Lacto-

Microbiological inhibition of specific spoilage
bacteria

bacillus planta.rum inhibits the growth of Pseudomonas, Bac-

i1lus, and Proteus, with Pseudomonas being the most sensitive.

Peak production of hydrogen peroxide in these Lactobacillus

species occurs in four to five days at 3OoC.

Bacteriophages

Del-isle (1969) found 180 bacteriophages active

agaínst psychrophilic fish spoilage bacteria. They were

isolated from sewage, fish pier water, and haddock fil1ets"

l'lost of them formed plaques at zoc or 20oC and attacked eith-

er marine or terrestrial bacterial forms. Most of them were

not strain specific or species specific and therefore could.

not be used for phage typing of the psychrophil_ic Pseudomon-

ads or for di-fferentiation between marine or terrestrial
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types. It is however, feasible to use bacteriophages for

the identification of Pseudomonas putrefaciens because spec-

ies specificity has been demonstrated in this case. In any

case, íf a preparation of bacteriophages were to be applied

to fish as a preservative treatment it could possibly work

quite well. A great quantity of bacteriophage would not be

required as they would generate themselves.

Packaging

New methods of packaging are beinqi developed

every year. Currently the most successful packaging material

is petroleum based plastic film. Polyester films which are

sornewhat gas permeable are recommended. for foods such as whi-

tefish because of their low v¡ater vapour transmission rate

and 1ow oxygen transmission rate. Dessication and oxidation

are kept to a minimum and the product keeps much longer esp-

ecially during frozen storage. I'fany other plastic films have

been developed and successfully used for various applications.

Film characteristics vary usually in gas permeability, water

transmission rate, and other physical characteristics such as

opacity, pliabil.ity, strength, etc.

Coatings
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A coating acts as a

the food item with a protective

ing of fish is a relatively new

ckaging material is not new" A

ion (1971) describes the use of

form of packaging. It surrounds

layer of some substance. Coat-

technique; coating of the pa-

I'Vest German patent applicat-

monoglycerides and di- and



trigtycerides mixtures to coat and preserve fish, Any sub-

stance that is fairly resistant to bacterial attack which

could be applied as in a form of spray and which could also

be easily removed or digested by humans, could be used as a

protective coating provided it is non-toxic and does not af-

fect organoleptic properties adversely.

Glazing

Glazing is a form of adding a protective coating.

It is done after freezing fish in order to prevent water loss

and chang,es in flavour and colour. It may be applied either

in the form of a fast col-d water dip or preferably as a spray

(..ladhav and Magiar, 1970).

I{ashing with surfactants

Successful tests have shown that washing with
rTween B0' nonionic detergent (0.22) in water wiIl remove

considerably more slime from fish than the same amount of

water without 'Tween B0r in an equal amount of time (Haragu-

chi and Iimori, L970¡ Gillespie and Ostovar, L97L). Their

reports indicate that the removal of the slime layer by a

five minute water wash with rTween B0' results in a hundred

times lorver initial count and after one day's storage at 3oC

the counts are twenty times lower than controls which were

washed in plain water.
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This study was initiated to compare the effect-

iveness of potassium sorbate, disodium EDTA, and their

combination in preserving fresh Vlhitefish fillets" Spec-

ifically, the following were investigated"

1) The determination of an effective preservative treat-

menL concentration of potassium sorbate.

SCOPE OF THE INVESTIGATION

2) The determination of an effective preservative treat-
ment concentration for disodium EDTA.

3) The determination of an effective preservative treat-
ment concentration of a combination of EDTA and pot-

assium sorbate.

4) The determination of the organoleptic profile of the

treated fillets.
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I/iATERIALS AND METHODS

SELECTION AND TREATMENT OF FILLETS

The Whitefish fillets used in this investigation

vrere obtained directly from the Freshwater Fish Marketing

Corporation Processing Plant at Transcona (Winnipeg) l4anitoba"

Sar,rples were usually taken off one of the regular filleting

lines. The fillets were washed at the FFMC, placed in poly-

ethylene fi1m, covered with ice, packed in a corrugated

cardboard carton, and transported by automobile to the Univ-

ersity of Manitoba Food Science Department for treatment and

analysis.

The Whitefish came from a Northern Saskatchewan

lake. Ten ounce fi1lets taken from fish three days o1d in

ice were cut aseptically into 25 gm pieces approximately 2

cm thick using flame sterilized surgical scissors. Fillets

and fillet pieces \¡/ere kept cold on crushed ice until all

pieces were cut, added to treatment baths, removed and placed.

in storage containers. The pieces \^/ere dipped into various

concentrations (0"01-102 w/v) of the treatment chemical for

varying exposure times (10 sec to 7 min). Potassium sorbate

and the disodium and disodium calcium salts of EDTA \,vere

dissolved in distilled water using weight per volume ratios

for the prescribed concentrations "

Control fi1let pieces were dipped in distilled

v¿ater for the same length of time as the maximum chemical
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exposure treatment time. This was done in order to equalize

the washing effects of dipping in the chemical treatment

solutions. Controls provided information on fi1let-to-

fil-let variation and variation within the same fi1Iet.

The treaLment baths were constructed of stai-n-

less steel" The amount of treatment solution used was ap-

proximately ten times in volume the total weight of fish

pieces added. For example, for 600 gm of fish pieces, 6

liters of solution were used. Water temperature during treat-

rnent \'/as approximately 5oC. In later studies, 500 mI glass

beakers were used as treatment baths"

The first series of range finding experiments

used a random selection of fillet pieces for treatment" Tn

later experiments¡ âs accuracy became more crucial, paired

sample and incomplete block design testing were employed.

In the latter cases the treatment baths were 500 mI glass

beakers, filled with 250 ml of the treatment solution. One

25 gm fillet piece was added to each bath for treatment.

The baths were not used twice.

4I

After treatment each individual piece was placed

in a steril-e plastic petri plate and stored in a cold temp-

erature incubator at 3oc. They were stored for specified.

times and. then k-ere withdrawn Lo undergo odour examination

and microbiological analysis.



MTCROBIOLOGTCAL EXAMINATTON OF FILLET PIECES

The 25 gm pieces were removed from cold stor-

age at regular intervals for quantitative microbiological

analysis. These values were expressed. as togt' of the via-

ble numbers of psychrotrophic bacteria per gram. The val-

ues were used. to form grwoth curves from which predictions

could be made on when spoilage woul-d probabry occur or when

it had actually occurred. The samples were removed from the

petri plates and placed in 16 oz Canadian Mason Jars cont-

aining 225 mL sterile phosphate buffer ( APHA I 1967 ) pre-

cooled to approximately 30 C in order to prevent heating of

the contents during blending. sterile osterizer blender un-

its were then screwed on and the samples were blended for

two minutes at the 'liquify' setting. The jar, phosphate buf-

fer, blade, gasket, and cap were previously sterilized as one

unit. A l0-speed Osterizer bl-ender was used for blending.

The homogenate was serially diluted in 99 mr milk dilution

bottles containing 99 mr precoored sterile phosphate buffer.

The pour-p1ate method ( APHA, 1967 ) was used to grow the

inoculum and Standard Plate Count Agar (lifco) was used as

the growth medium. Yeasts and molds v¡ere monitored. (APHA,

1-967 ) by pour-plating with acidified Potato Dextrose Aqiar

(Difco) " The psychrotrophes were inoculated onto SpC agar

and. were incubated at 30 C for eleven to thirteen days in

Total Psychrotrophic Population
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order to allow for visible colony production. Petri plates

containing between 30 and 300 colonies approxiinätely I mm or

larger in diameter were counted and results recorded as via-

ble psychrotrophic bacterial numbers per gram of Whitefish

fillet tissue. These numbers were then changed to logf'

values for the purpose of plotting growth curves.

Lerke and Farber (1969) found that a direct via-

ble bacterial count used as a freshness indicator, correlat-

ed wel-l with fish freshness tests using the Spinelli (1964)

hypoxanthine estimation technique. Although the latter test

j-s the only real test of freshness presently used, it invol-

ves a long and complex procedure. A simpler method of fresh-

ness determination was required" Since the psychrotrophic

bacteria are the main cause of fish spoilage at refrigeration

temperatures, a viable count of the psychrotrophic bacteria

was chosen to be used as the freshness indicator. CounLs

reached a level of 108 to l-09 organisms per giram before spoil-

age of controls became obvious, organoleptically. They were

at a leve1 of 103 to 104 vi-able cells per gram, init.ialIy.

Generic Grouping Of Psychrotrophic Bacteria
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In order to determine how the bacterial flora on

the fitlets rvere changing with time and according'to the type

and strength of treatment, the cl-assification scheme of Shew-

an et al. (f960) (rigure 1) could have been used. However,

since it had already been determined that Pseudomonads were
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primarily responsible for spoilage of controls, the main in-

terest lay in how well the preservative treatments would in-

hibit Pseudomonas spp. growth. Only a primary indicator

test was required for this purpcse. The resistance sensiti-

vity to 2.5 iu/ml penicillin-G was therefôre chosen as a

means of testing for Pseudomonas numbers.

Ten mg of penicillin-G wiLh an activity of 1590

iu/ml was added to l-00 ml distilled water, mixed to dissolve

the penicillín, then passed through a 0.45 um millipore fi1-

ter in order to sterilize the solution. Approximately 1.6

mI of this solution was added to every I00 ml cf SPC agar

media in order to obtain the proper concentration of 2.5 íu/

m1. Standard plate count plates with penicillin-G were pour-

ed at the same time as the reqular standard plate count plat-

es and were used to grcup the psychrotrophes into two distincL

groups, those sensitive to 2.5 iu/ml penicillin and those

which were resistant. Standard plate count plates with peni-

cillin-G were incubated at the same temperature (3oC) as the

regular standard plate counts for the same incubation time

(11 days) in order to allow for colony (at least t mm) prod-

uction. Figure I shorr's the major bacterial groups commonly

encountered on ccld freshwater northern lake fish fillets

stored at 3oC according to sensitivity to 2.5 iu/ml penicil-

1in-G.
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subdivided on the basis of reaction in Hugh-Leifson's medium

containing lactose (4"0å), sucrose (4.02) , and glucose (4.03)

Tab1e 2 shows this grouping.

for as

i)

Micrococcus and Corynebacterium were not tested

it had been previously proven that:

Micrococcus will not grow in fish juice incubated at

5oC, although they will grow profusely at 15oc.

Coryneforms although able to giro\d at 5oC have not

been implicated in normal spoilage (Lerke et al.,

1965) " They are usually only detected at the begin-

ning of a storage run and the groivth of spoilers us-

ually vastly overshadows the numbers of these organisms"

ii)

Table 2 shows that the only organisms found in

significant numbers on fish, which are penicillin resistant

at 2.5 íu/m1-, are the Pseudomonads, Flavobacterium, and Cyto-

phaga. Vibrio, Aeromonas, Paracolons, and E. coli are not

present in significant numbers. Since Flavobacterium and. Cy-

tophaga are pigmented. yellow to orange and Pseudomonads are

either colorless or green pigmented there is primary differ-

entiation to roughly establish the major spoilage genera. If

mainly coarposed of Pseudomonads, counts on SPC-penicillin-G

agar would be close to counts on regular SPC agar and colon.

ies on the SPC agar plates will be n.ainly non-pigmented of the

Pseudom-onas putrefaciens type. It was not necessary to furth-

er exarrrine bacterial genera as the study was designed mainly
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to acconiplish two things: a reduction of

resulting in spoilage, and concurrently

ion of odour and spoiled flavours due to

ical spoilaq,e factors.

A tabulated suinmary of experiments follows:

CHEMICAL CONCENTRATION EXPOSURE APPENDIX TRIALS
USED TTME TABLES

Potassium
sorbate

(oc)
(c)

(oscP)

(oP)

(oc)

0. 05-s.0u
1.0u
4 .02
5.92
6/B/r0z

B.0u
9.02

bacterial growth

delaying the format-

EDTANaTCa

(o)

bacterial and chem-

EDTANa, (osc) 4.oz
(OSCP) 6/8/I1e"

(oP) B. 0z

10 sec-5 min
3, 5, 7 min
5 min
5 min
5 min 18,

3, 5, 7 min
5 min

4B

0.5-I.s?
4.02

EDTANa2/potas sium sorbate
(osP) 6/B/L1B 5 min

(O) Aeo nOTANar,/

9åpotassium 5 min
sorbate

r-4
7

Br9

10, 1l
Le/20,
22,23
15,16
I2

1

1

4

4

2r/ 2

5 min
5 min

Bacteriological experiments are indicated by Lhe concentra-
tions and exposure times. Odour tests (O) had the same num-
ber of trials as bacteriological tests. Sensory tests (S)
were composed of duplicate samples or pairs " Chemical res-
idual tests (C) were the averages of duplicate samples.
Penicillin resistant bacteria enumeration (p) 

"

5 min
5 min

22 ¡23
3, 5, 7 min 17

L4

LB ,19 /20 ,2L/

2

3
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SEÌ'ISORY EVALUATION OF TREATED FILLET PIECES

ed rav¡ riri"t it".": """=t=.":":r":":::,":::::,=":::",'::"
texture determinations in addition to colour, overall appear-

ance and acceptability examinations. Odour was an important

test in that without even examining the other factors, the

uncooked fish could be judged as either fresh or not fresh.

Rarv filIet pieces were selected randomly and submitted to

independent taste panelists in order to rate these pieces be-

fore they were homogenized for bacteriological and chemical

analysis.

Odour Investigations

An objective odour rating scale with number rat-

ings of from one to four (Table 3) \^/as selected in order to

apply some type of scale to the spoilage of the fish from an

odour viervpoint. The same type of number scale was used for

the other organoleptic tests (figure 2) 
"

Organoleptic Investigations

49

Texture, g'eneral appearance, aroma, and taste of

baked fillet pieces were all examined and tested by compari-

son with fresh untreated cooked fillet pieces. The fish fi-

1Iet ¡>ieces \^/ere individually wrapped in pieces of aluminum

foil, labelled with a felt penr and baked. at L77oC for fift-

een minutes in the middle section of a kitchen Lype electric

range "

Panelists \{ere seated on stools in separate booths



TABLE 3

OBJECTIVE ODOUR RAT]NG SCALE OF WHTTEFISII FILLETS

RATING NUMBERS

No noticeable odour, very fresh appearance

Very slight odour, a bit fishyr or slight.ly musty or
fruity, acceptable

S1ight,ly sour, spoilage has become apparent., fillet
pieces are no longer completely acceptable

Very sour to putrid, fillet.s are not at all acceptable
as spoilage has progressed too far

RATINGS DBSCRIPTIONS

(¡
O



FIGURE 2

WHITEFISH TASTE PANEL FORM

Instructions:
Do not swallow fish pieces. Eat a cracker and sip water
between tastings. Adjust your sarnples' vafues by compar-
ison with 'freshr controls. Ratings are based on two
ratings of acceptable in four categories and two ratings
of unacceptabl-e. They are I & 2 and 3 & 4t respectively
as below:
TEXTURE: 1,

3,

APPEARANCE:

Name:

Date:

TASTE:

AROMA:

2, (whol-e, solid)
4, (weak, tough, soft, mushy)

L, 2 , (normal)
3, 4, (abnormal)

DESCRIPTIVE CHARACTERISTICS

I, 2l
3, 4,

CODE

#s

L, 2,
aÂJ¡ t¡

(clean, fishy, slightly sweet)
(unclean, bitter, sour, rancid, sweet, putrid)
(c1ean, fishy)
(uncl-ean, sour, rancid, putrid)
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under controlled light and air f1ow. Panelists were instruc-

ted to eat unsalted soda crackers and sip water before test-

ing began and between all subsequent samples. They were all

given identified fresh untreated controls in order to be able

to compare them with treated samples. Some'of the panelists

were given unidentified fresh controls periodicaJ-ly in the

course of the many panels in order to check their judgement

accuracy. Samples to be tested at each taste panel \^/ere ran-

domly selected from the population in frozen storage and dis-

tributed four pieces to a judge. Fish pieces treated in the

range of what was determined to be optimum levels of treat-

ment were submitted to the taste paneÌ in order to determine

the organoleptic effects of some of the treatments.

Four rating categories b/ere used to describe the

acceptability. The first two (f and 2) were acceptable rat-

ings, excellent and good, respectively. The second two (g

and 4) were unacceptable ratings, fair and bad, respectively.

Figure 2 shows the taste panel sheet which gives a breakdown

of the descriptive qualities of each category. Table 3 shows

the descriptive qualities of the odour ratings.

The categories one to four were assigned the num-

ber ratings one to four. The ratings for samples which were

in the category four which w-ere judged. to be actually worse

than this rating were assigned the rating of 4+ for the pur-

pose of later decision making on approximate shelf l-ife ext-
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ensions. Although the 4+ rating did not weight controls

more than a 4 rating these plus ratings were taken into

account in some value judgements when comparisons for 20

days storage time v,/ere made among control-s and treatments.

CHEMICAL EXAMINATION OF FILLET PIECES

Colorimetric Assay For Sorbic Acid Residuals fn Fi11et

The method of i{ury and Bol_in (L962) which they

used to determine potassium sorbate in dried fruits, was

adapted. for use in fish. The method involves the use of the

oxidation of sorbic acid to malonaldehyde, which reacts with

the 2-thiobarbituric acid to form a red pigment that is

measured spectrophotometrically (nigure 3).

The absorption spectrum fcr potassiun scrbate in
fish is shown in Figure 4. The recovery of potassium sorbate

by the colorimetric methcd is very similar to what was ex-

pected in comparison with those resul-ts obtained by Nury and

Bolin. Figure 5 shor.vs the standard curve cbtained for pot-

assium sorbate in whitefish"
Reagents required
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The reagents required for the analysis were

Thiobarbituric acid sol-uticn, potassium dichrcmate-sulfuric

acid solution, and potassium sorbate soluticn. The thio-

barbituric acid soluticn was rnad.e up by dissolving 0.5 gm of

2-thiobarbituric acid in 20 ml of distil-1ed water and t0 ml
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of lN sodium hydroxide in a 100 mI volumetric flask"

Eleven mI of l-N hydrochloric acid sol-ution were added after

dissolution of the above, and the solution rvas made up to

volume. The 2-TBA solution had to be made up fresh for

each analysis as it would remain stable for approximately

6 hours i

ratic and resul-ts would have been inaccurate. The potas-

sium dichromate-sulfuric acid solution was made up by com-

bining equal volumes of 0.01N potassium dichromate and 0.3N

sulfuric acid. The standard potassium sorbate solution was

made up adding 250 mg of potassium sorbate to a 250 ml vol-

umetric flask and making up to volume with distilled water"

Standard curve determination

after that time absorbance values became er-

A 20 gm untreated fish piece was blended in lBQ

mI distilled water and liquified on a ten-speed Osterizer.

Ten m1 of slurry was added to each of eight 250 ml volu-

metric flasks. Standard sorbate solution was added in the

amounts of 0, 0.10, 0.25' 0.5, 0.75, and 1.00 ml to each of

the volumetric flasks numbered I to 6 so that each ml from

the 6 different fl-asks would contain 0; 0.4; 1.0; 2.Q¡ 3-0

and 4.0 ug of potassium sorbate respectively. The two oth-er

flasks had 0.25 and 0.75 mI standard sorbate solution added

to them and. in addition an equal amount of standard disodium

EDTA solution (1 mg/ml) was add.ed" These last two flasks

acted as controls in order to d.etermine if disodium EDTA

would interfere rsith the sorbate analysis. All the volu-
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metric flasks were then made up to volume with distilled

water. The contents of each of the eigiht flasks were then

filtered through Whatman #4 filter paper to remove parti-

culate matter and 2 ml of each filtrate was add.ed to each

of the eight test tubes containing 2 ml of tlle potassium

dichromate-sulfuric acid solution, respectively. The test

tubes were heated for 5 minutes at 1O0oC in an oil bath.

Two ml of the 2-thiobarbituric acid solution was added to

each of the eight test tubes and the tubes were then allowed

to remain in the oil bath for an additional ten minutes.

the tubes were then removed and cooled quickly in running tap

water. The coloured solution after cooling was stable for

a-u least half an hour. The absorbance of the coloured solu-

t.ions was measured at 530 nm in a Spectronic 20 spectrophdto-

meter using water as a blank. Absorbance vs ug potassium

sorbate was plotted (figure 5) "

Sample residual determination
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The samplss were prepared exactly as above with-

tv¡o exceptions. No potassium sorbate or EDTA was added to

the volumetric flasks and larger volumetric flasks were used

to further dilute the homogenates in order to obtain tLre

sample residual results into the range of the standard. curve.

Results were then corrected by the proper factor.

Colorimetric Determination Of EDTA Salts In l{hitefish
Fillets

The method of analysis used was th-e modified



Darby method (1952), adapted for use in fish by Sinclair and

Power (f968). EDTA preferentially complexes with nickel

(added in the form of nickel sulphate), displacing all other

metallic ions which are complexed with EDTA. Dimethyl-

glyoxime precipitates out the uncomplexed nickel and the re-

maining nickel-EDTA chelate dissociates in acid solution,

liberating the nickel rvhich is colorimetrically determined

using dithiooxalic acid sol-ution.

Reag'ents required

The trichlorca,ce#ic acid (B . D . H " ) was made up to

6"32 w/v concentration by adding 6"3 gm to a l_000 ml volu-

metric fl-ask and rnaking up to volume with distilled water.

The nickel sulphate solution (B.D.H.) was made up by adding

13"3 gm NiSOn.6HZ0 to a one l-iter volumetric flask and

making up to volume with distíIled water. The ammonium

hydroxide and hydrochloric acid (McArthur) were 2BZ and

35"5å respectiveÌy. The potassium dithiooxalate (Fisher)

solution was made up by adding 0.1 gm of the dry chemical

to a 100 mI volumetric flask and it.was made up to volume

not any sooner than five minutes prior to use.

Standard curve determination

5B

(2 "562 mg

added in a

ml), 60 mg

Standard EDTA solution (2 mg/mI) was made

Na, EDTA-2H20/ mL) with distil-led water u..ta

liquots of 0 mg (O mI), 20 mg (10 ml), 40 mg

(30 mI) , B0 nìg (40 ml) , and 100 mg (50 r'r1)

up

(20

to
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each of six l-6 ounce Canadian l4ason Jars containing 100 gm

of whitefish fil-let.. Trichloroacetic acid was added (320 ml)

and the contents blended for 3 to 5 minutes.

Duplicates of the 40 and B0 mg EDTA spiked sam-

ples were made up and equal amounts of sorbate (tv¡ice the

normal concentration as before) v,/ere added to each of the

two jars. These samples \^/ere used to establish whether sor-

bate interfered with the EDTA analysis.

Precipitated protein was then

ing through Whatman #5 filter paper using

step rvas colour development.

Color development

Fifty mI aliquots of the TCA extracts were put

into 250 ml erlenmeyer flasks. As a blank 16 m1 TCA was

diluted to 50 ml with distilfed water. Fifteen mI of the

nickel sulfate solution was added to the 250 ml erleymeyers

and was mixed r'rell by shaking. The mixture was allowed to

stand for ten minutes then 5 mI of the ammonium hydroxide

\{as added in a fume hood. The color was allowed to change

from green to blue (basic pH), it was mixed well by shaking

and allowed to stand for ten minutes. Next 15 ml of dim-

ethylglyoxime solutj-on was sIowly added down the side of

the flask and mixed well by shaking and it was allowed to

stand for ten minutes. The decol-orization step described

in the Sinclair and Power (1968) method i^¿as eliminated as

it removed too much colour and made colour development in

60

removed. by filter-

suction. The next



the next step impossible.

The contents of the flasks \,rere then filtered

through Whatman #40 fl-uted filter paper into 100 mI grad-

uated cylinders. Twenty-five ml of the filtrate was poured

into l-25 ml Erlenmeyer flasks and 2.5 mI of concentrated

hydrochloric acid was slowly added down the side of the

flasks while gently swirling the contents " (This is twice

the recommended amount of acid as the addition of only I.25

ml- of acid did not develop colour sufficiently") The

fl-asks were then allowed to stand for at least five minutes

before proceeding any further.

Potassium dithiooxalate solution was prepared

just prior to use and 5 ml of it was added to each sample,

one at a time, and read immediately for absorbance in a

Spectronic '20t spectrophotometer at 510 nm. Sinclair and

Power used 502 nm. This researcher found maximum absorbtion

to be closer to 510 nm.

61

The standard curve obtained for EDTA sample

analysis is shown in Figure 6.

Sample results

The same procedure as d.escribed above was used

except that no EDTA was added to the samples in the blender

jars. Using the standard curve for EDTA the number of mil-

ligrams of EDTA in the samples was determined and the p.p.m.

residual EDTA was obtained by multiplying the milligrams of



FIGURE 6 STANDARD

.700
@ EDTA lN DIST H20 + tçSA

@ TDTA IN FISH HOMOGENATT

N

S
t-.-

w)
z.
LLI

ô

J

?
t--
o-
O

.ó00

CURVT FOR EDTA

500

400

62

300

200

02040
M ILLICRAMS TDTA

ó0
PER I OO

B0 t00
CM FISH



EDTA per 100 gm of fish by a factor of ten"

STATISTICAI ANALYSIS

Statistical Analysis of Microbiological Data

This test was used for the analysis of the data

contained in Appendix Tables 7 Lo 14. Standard t-test tables

were used. to obtain critical vafues for Lhe acceptance rej-

ection analysis (Mendethall, 1971).

Completely fandomized design (one-way analysis
of va

T-test for the comparison of two samples

This testing procedure was applied to the data in

Appendix Tables l-5 to 32. The ANOVA tables for these analy-

ses are to be found in Appendix Tables 34 to 43. The criti-

cal values for the Fisher distribution were obtained from

standard F-test tables (Mendelhall, 1971).

Statisticat Analysis Of Organoleptic Evaluation Data

This test was used for the analysis of the odour

scores d.ata contained in Appendix Tables 44 to 56. A table

for quantil-es of this test statistic was used to determine

the significance of the results (Conover, L971).

Cox and Stuart test for trend
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Wilcoxon signed ranks test for paired samples

This test was used to analyze the taste panels

results for aroma and taste. These results are tabulated' in

Tabl-es 5 and 7 . The analytical nethod for this test was de-

rived from Conover (197I) 
"



The taste panel results for general appearance

and texture were not statistically analyzed. A colour Lest-

ing apparatus such as an Agtron meter would have to have

been used to accurately examine appearance, and a texturo-

meter woul-d have been required to accurately exa¡nine tex-

ture. Since it was not intended to examine these charact-

eristics in such depth the results were only visually ex-

amined for obvious trends and the results were reported in

the rresultsr section. The results are tabulated in Tables

9 and t0.

The order in which the various experiments were

done is the order in which they appear in the results sec-

tion. odour investj-gations were carried out on the samples

pieces before they were subjected. to microbiologicar analy-

sis. The taste panels were conducted as an entirely indep-

endent study because of the sheer numbers of samples required

to be analyzed. The number of duplicates, replicates, and

judges involved in these experiments are indicated in the

Appendix Tables for the respective experiments. chemical

examinations \rere done as an independent stud.y after the

taste panel samples were treated and stored.
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PRELIMINARY MICROBIOLOGTCAL EXAMTNATIONS

Preliminary investigations into the use of sor-

bic acid on Whitefish fillet pieces showed that concentra-

tions of from 0.05 to 3.0? w/v potassium sorbate (Appendix

Tables 1 to 4) had little or no significant effects upon

bacterial numbers initiatly and no effect upon their sub-

sequent growth at a storage temperature of 3oC. However,

the suppression of yeasts and mol-ds \,,/as quite evident. It

should be noted that sma11 consistent differences existed

between controls and treatment counts for concentrations as

low as 0.252 w/v sorbic acid and shelf life extensions could

be approximated at almost one day over the controls. It

had been d.etermined that at the approximate l-evel of l0B

viable psychrotrophic organisms per gram of fish the controls

showed the first definite signs of spoilage which was deter-

mined by odour evaluation (Table 3, pp. 50). The treatments

however, did not usually reach this level at least until

some time l-ater. This gap between the tivo times required. to

reach the 108 level was arbitrarily chosen as the shelf life

extension value.

RESULTS

The 0.50 t 0"70, and 1.009ø w/v sorbic acid treat-

ments showed shelf life extensions of just over one day

(Appendix Tables 2, 3, 4, and 7) - At the 3? w/v l-evel a

shelf life extension of approximately 2 days \,vas observed
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(Figure 7) , and at the 52 \r/v leve1 shelf l-ife extensions

of 4.5 to 5.5 days were observed (nigure B).

Very poor resulÈs \,¿ere shown for the calcium

disodium salt of EDTA (Appendix Tables 5 & 6). After in-

itial testing of calcium disodium EDTA on fillet pieces it.

was determined that no significant effects were demonstrated

as high as the Aeo w/v 5 minute exposure time treatment

leve1. It was therefore decided to discontinue further test-

ing of the calcium disodium sal-t and to concentrate on the

disodium salt of EDTA

PRELTMINARY OP.GANOLEPT] C EVALUATIONS

Odour evaluations revealed differences in the

effects of the same treatment on bacterial growth and the

formation of odour. In general, the development of odour was

delayed for a longer time than the bacterial counts, to reach

the salne level as the controls.

was observed that for example, a treatment could have reached

the 108 level one day later than the controls; but the odour

evaluation was not the same or at least was not unacceptable

until two or three days later. At the 0.252 w/v treatment

level, after five days the controls began to smell sour

whereas it was not until- after six or severr days before the

treated samples began to smell. Similarly, the 0"50, 0.701

and l-.00È r^t/v treatments showed extensions of two to four

days over controls.
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In various treatments it
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MI CROB IOLOGI CAL EXAMIT.IATIONS

In general, it was observed that the use of

potassium sorbate solutions in extending the shelf Ìife of

fresh Whitefish fitlet pieces seemed to be successful in

forestalling odour and rancidity development due to bacteri-

al growth. In lower concentrations of 4.0 to 6.0U vr/v poL-

assium sorbate the growth of bacteria was increasingly inhib-

ited as treatment concentraLion was increased (Figures g , f0,

and 11). In all three cases (4.0,5.0, and 6.0? w/v potass-

ium sorbate) there rvas observed a noticeable difference in

viable counts for the treatments as compared with the contr-

ols. At the 4Z potassium sorbate l-evel bacterial counts on

the treatments were lower than control counts (significant

to over the 952 confidence interva]). Initial counts for the

treatments showed a d.ecrease of l-.4 1og cycles from the cont-

rol level" At five days storage time treatment counts were

l-ower than controls by approximately l-.65 log cycles and at

ten days by approximately one-hal-f log cycle. The estimated

shelf life extension obtained by a five minute exposure to 4Z

w/v potassium sorbate was about 3.5 days. Increased effects

were observed with the 5eo w/v potassium sorbate (five minutes

exposure time) treatment" At ten days there was a difference

of approximately 1.9 log cycles between treaLments and cont-

rols. sherf life extension was estimated to be about 5.5 days

(tabLe 4 , p. 71) .

Fil1et Pieces Treated With Potassium Sorbate
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TREATMENT CONCENTRAT IOI.I

TIIE EFFECT OF

ON SHELF LIFE

TABLE 4

POTASSIUM SORBATE AND EDTA TREATMENTS

EXTENSION OF FRESII WIIITEFISH FILLETS

0.058

0.108

0. 258

0.50r

0.70?

1.00?

3.00?

4.008

5.00e

POTASSIUI4 SORBATE

less than one day not available

1.0 to 1.5 days

2 "0 days

3.0 to 3.5 days

5 " 5 to 6.0 days

DISODIUM EDTA

not available

not available

2.0 days

not available

{
F
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FIGURE II THE EFFECT OF POTASSÍ UM SORBATE,
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At roughly the 6Z w/v treatment concentration

leve1 even more significant decreases in initial counts

were noticed, along with greatly increased differences in

counts at each analysis time. At six days post treatment

there was a difference of 3.2 log cycles, at ten days 3.0

1og cycles, and at twenty days 2.2 log cycles" Shelf life

extension at the 108 level was estimated to be about fif-

teen days.

The BZ w/v potassium sorbate treatments revealed

an initial drop in counts of approximately 1.1 log cycles as

shown in Figure L2 and a further drop at six days storage

time with a difference in counts between treatments and con-

trols of approximately 3.7 log cycles. There was some re-

covery by ten days when the count was approximately 1.5 X 105

cells/gm, but the difference between that and. the controls

was about 4 rog cycles. At tvrenty days the difference was

about 4.7 log cycles. The shelf life extension could not

be calculated; however, it could be estimated at over twenty

days.

When different exposure times were compared using

the B? w/v potassium sorbate as the treatment concentratíon
(Figure 13) it rvas shown that three and five minutes exposure

time effected similar results whereas the seven minutes ex-

posure time treat:nent only showed similar results up to six

days. After six days counts were all significantly lower

than for the three and five minutes exposure time treatments.
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FIGURE 12 THE EFFECT OF POTASSIUM SO RBATE,

DISODIUM TDTA, AND THEIR COMBINATION
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FIGURE f 3 THE EFFECT OF POTASS IUM
SORBATE AT VARYING EXPOSURE TIMES
ON THE VIABLT PSYCHROTROPHIC BACTERIA
IN WHITEFISH FILLETS
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Atl treatment counts were significantly lower

initially than the controls and 1og cycle difference values we-

re 1.3, 1.5, and 2.0 for the 31 5, and 7 minutes treatments,

respectively. All treatments showed declines in viable

numbers up to ten days storage time and all increased aft.er

ten days. Shelf life extensions of approximately 16"0 and

17.5 days were observed in the three and five minutes expos-

ure times, respectively. The extension for the seven minute

treatment could not be estimated but it was probably over 20

days.

The 92 w/v potassium sorbate treatment showed no

significant initial decrease in counts at zero time. However,

between zero and ten days storage time marked declines in

numbers and marked differences between treatment and control

counts were observed. The shelf life extension statistic

could not accurately be determined at the 108 level- as that

sample was contaminated before analysis time. Figure 14

shows what the growth curve would probably have looked like.

The 102 w/v potassium sorbate treatment had. dras-

tic effects on bacterial numbers as levels stayed about con-

stant with the initial counts as shown in Figure 15. At ten

days bacterial counts were four 1og cycles greater in the

control-s than for the treated samples. Although no shelf

life extension could be calcufated, it ivas bound to be in ex-

cess of trventy-f ive days 
"
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FIGURE 14 THE EFFECT OF POTASSIUM SORBATE
ON THE VIABLE PSYCHROTROPHfC BACTERIA
IN WHITEFISH FILLETS
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FÍGURE I5 THE EFFECT OF POTASSIUM SORBATT
DISODIUM EDTA AND TI{EIR COMBINATION ON
THE VIABLE PSYCH ROTRO PH IC BAC TE RIA
IN !VHITEFISH FILLETS
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The same treatment concentration and exposure

time for EDTANa, did not have the same effects on bacterial

numbers as did the potassium sorbate treatments. The resul-ts

for the 4z w/v disodium EDTA treatments showed an initial de-

crease of 0.50 1og cycles from the control Ievel, whereas

the initial decrease for the sorbate treatment was 1. 4 1og

cycles " At five days storage time counts on the 4Z disodium

EDTA treated samples lagged behind controls by only one log

cycle as compared with 1.65 log cycles for the same concent-

ration and exposure time for potassium sorbate" At ten days

the 1ag was O-15 log cycles as compared with 0.50 log cycles

for the sorbate treatment. However, Èhe shelf life extension

at the 108 level- was only two days as compared. with 3.5 days

for the sorbate treatment (r'igure 16).

Fillet Pieces Treated I{ith Disodium EDTA

The 6Z w/v disodium IIDTA treatments showed mark-

edly increased effects on bacterial growth (Figure 11).

There was an initial decrease of 1.3 1og cycles as compared

with the controls. At five days the difference was 2.L log

cycles belorv the control values, at ten days 2.75 log cycles

below controls, and finally at twenty days 2.0 1og cycles

belov- controls. Shelf life extension was determined to be

13.5 days as compared with 15 days for the 6Z w/v potassium

sorbate treatments.

BO

The BA w/v disodium EDTA treatments showed 1ittle
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difference for varying exposure times (figure 17). All
treatments shorved initial decreases at the zero time analysis

of about one 1og cycle below controls as compared with app-

roximately 1.5 1og cycles for the sorbate treatments of the

same concentration and exposure time. Figure 12 indicates a

shelf life extension of approximatery 13 days at the 108 lev-

e1 ivhen compared v¡ith controls as compared with over twenty
days for the Bz w/v sorbate treatments. At five days storage

time, the counts for the BU EDTA treatments lagged behind

controls by about 3.2 log cycles as compared with 3.3 1og

cycles for the sorbate treatments. At ten days the lag was

approximately 2.4 1og cycles as compared with about 4.1 1og

cycles for the sorbate treatments.

The 10å disodium EDTA t^realments showed markedly

increased effects on bacteriar numbers as compared with the

6 and. B? w/v disodium EDTA treatments (figure 15). At five

days the EDTA treatment counts were three log cycles below

that of the controls and at ten days the difference was 3.1

1og cycles, while at tiventy days the difference was 3.0 tog

cycles once again. shelf life extension was determined to be

approximately nineteen days

Fillet Pieces Treated With A Combination Of Potassium

B2

The most sígnificant effects on bacterial numbers

were observed with the fill-et pieces treated with the combin-

Sorbate and Disodium EDTA
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ation treatment of disodium EDTA followed by potassium sor-

bate¡ An initial decrease of 1.9 1og cycles below controls

was observed for the 6Z level of combination treatment as

compared with 1.35 and 0.9 log cycles for the 6Z disodium

EDTA and 6Z potassium sorbate treatments, respectively (Fig-

ure 11). At five days storagie time a similar pattern of lags

v/as observed. The combination treatment counts lagged behind

cont.rols by 4.2 log cycles, and the EDTA and sorbate treat-

ments lagged behind by 2.4 and 3.3 log cycles, respectively.

At ten and twenty days storag:e time similar lag patterns were

observed with the combination treatments showing the best ob-

served results. A shelf life extension could not be reason-

ably determined as the bacterial counts did not exceed. 105

organisms per gram"

The B? combination treatments did not show res-

ults better than the EDTA and sorbate treatments at zero time

but by six days storage time counts had fallen fower than the

other treatments (figure l-2) . At zero time counts for the

combination treatments were about 1.1 fog cycles lower than

controls" At six days storage time counts were about 4.4 1og

cycles lower than controls and about 0.75 and 0.55 log cycles

lower than the EDTA and sorbate treatments, respectively.

For 6, 10, and 2Q days storage time the combination treat-
ments counts paralleled the sorbate treatments, being const-

antly about 4"5 to 5.5 log cycles lower than the sorbate

B4



counts. Once again, a shelf life could not be derived as the

combination counts did not exceed. 106 organisms per gram.

The 10U combination treatments yielded results

similar to the 6 and BU treatments up to ten days of storage

(Figure 15). The analysis sanple for 20 days was contamin-

ated during the analysis procedure and an unreasonably high

count resulted. The treatment and analysis were not repeat-

ed. Insteadra plot was extended by extrapolation from the

ten days level taking into account the O,6, and 10 days

counts and the results for the 6 and BU treatments for twenty

days storage time"

A 4Z disodium EDTA treatment combined with a 9Z

potassium sorbate treatment showed an initial- decrease in

counts from zero to ten days storage time (nigure 1B). At

ten days the combination treatment results were more than

4.0 1og cycles lower than controls. Although the counts were

radicalty higher at L4 days (fO7 cells/gm as compared with
A10' cells/gm at ten days) , they were still considerably

lower than controls, by about 3.2 log cycles. Shelf life

extension could be roughly esti-mated to be about nine to ten

days over control-s at the I0B level of organisms per grarn.

Studies On The Main Spoilaqe Fl-ora

B5

Results using the penicillin sensitivity test

did not conclusively show that Pseudomonas spp. was respon-

sible for the normal cold storage spoilage of the Whitefish
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fillets. The tests also did not conclusively show that any

of the treatments had a significant effect on Pseudomonas

organisms exclusively" The treatments were observed to

have similar effects on all organisms present. It was ob-

served that the penicillin resistant bacterial- counts start-

ed out in low numbers of about 5 to 30U of the total. By 10

days storage time these counts composed about 45 to 952 of

the total. By twenty days storage time they were composed

of about 70 to 100? of the total (Figures L9, 20) .

Trends towards differences among the treatments

were closely related to plots formed by counts on the regul-

ar SPC plates. These growth/time curves f oll-owed the same

general patterns laid out by those of the regular SPC counts.

There was a gradual increase in Pseudomonad numbers but at a

proportionately lower tota-I numbers rate accel-eration when

compared with controls. This could be interpreted as specif-

ic arowth inhibition of Pseudomonas.

Once again the combination treatments were the

most effective. The potassium sorbate treatments were not

quite as effective but still were fairly good. The EDTA

treatments, although better than the potassium sorbate treat-

mentsments for the first 3 days, were the least effective of

al-I treatments over the remainder of the storage period"

B7
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TIGURE 20 THE EFFECT OF
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SENSORY EVALUATION OF FILLET PIECES

Odour fnvestiqations

There was a signifj-cant difference (at the 90?

confidence interval) in odour ratings between controls and

both the 4Z disodium EDTA and  eo calcium disodium EDTA treat-

ments (pigure 2L). However, there appeared to be no signif-

icant difference between the two EDTA salts in their effect-

iveness in forestalling odour deveì-opment.

The 62 disodium EDTA treatments were significan-

tIy better than controls, but there was no significant diff-

erence when they were compared with the B and 10% disodium

EDTA treatments or the 6Z combination and 62 potassium sorb-

ate treatments " Comparing the 6eo disodium EDTA treatments

with the B and 102 l-evels of the potassium sorbate and comb-

ination treatments shoived no significant difference at the

902 confidence interval; there was however, a significant

difference at the B0% confidence interval for the comparison

of 6Z disodium EDTA rvith the 103 potassium sorbate and comb-

ination treatments (Appendix Tables 51 to 56).

At the BZ level of treatment, significant diff-

erences were observed between all treatments and controls

but no significant differences \',/ere observed arnong the treat-

ments for different exposure times (Figure 22) " There were

no significant differences when the BU level was compared

EDTA treatments

90
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with the 6 or 10U disodium EDTA l-evels and with the B? pot-

assium sorbate and combination treatments" Flowever, the

Beó EDTA trea-L-ments were observed to be significantly bett.er

than the 103 potassium sorbate treatments and significantly

worse than the 62 potassium sorbate treatments (Appendix

Tab1es 51 56) "

significantly better than the conLrols; however there were

no significant differences observed between the 10? EDTA

treatments and the 6 and BB EDTA levels, the 103 combination

treatment, or the 6 and BZ potassium sorbate treaLments.

The 10? EDTA treatments were observed to be

There was, however, a significant difference between the 10?

EDTA and 10% potassium sorbate treatments at the B0 to 853

confidence interval. The values were close enough to the

90U 1evel to make them somewhåt significant (Appendix Tables

sI s6).

93

In comparing the 6Z potassium sorbate treatments

to the other treatments it was observed that this level was

significantly better, to a limited extent, than the B and

102 potassium sorbate and 10% combination treatments. There

\Mas no significant difference observed for the comparison

with the 6 and 10% EDTA and combination treatments" It was

observed, however, that the 6Z potassium sorbate treatment

was significantly better than the BZ EDTA treatment and

Potassium sorbate treatments



significantly better than the controls (Appendix Tables

sl 56) "

At the BZ level the 7 minute treaLment was ob-

served to be significantly better than the 5 and 3 minute

treatments, but the 5 minute treatment was not significantly

better than the 3 minute treatment (pigure 22 and Appendix

Table 4B) " In comparing the B% potassium sorbate treatment

with the 6 , B and 10% disodium EDTA treatments, a-nd the 6

and B% combination treatments no significant differences

were observed. However, when the BZ treatments were compar-

ed with the 102 potassium sorbate treatments they were ob-

served to be significantly better. The BU potassium sorbate

treatmenLs were significantly worse than the 10% combination

treatments and significantly worse than the 6eo potassium

sorbate treatments to a limited extent. All the B? potas-

sium sorbate treatments were significantly better than the

controls (Appendix Tables 51 -56) .

The I0? potassium sorbate treatments were ob-

served to be significantly worse than the 6 and 8U EDTA and

potassium sorbate treaLments. The 10U treatments were worse

than the B and 102 combination and 103 EDTA treatments only

to a timited extent. There was no significant difference

observed between the 102 potassium sorbate and 6Z combina-

tion treatments, however the 102 potassium sorbate treat-

94



ments were significantly better than the controls (Appendix

Tables 51 56).

Combination treatments

All combination treatments showed significantly

better results than the controls. The 6Z combination treat-

ments were not significantly better than the 6, B and 103

potassium sorbate and EDTA treatments. They were signifi-

cantly worse than the B anfl l-QU combination treatments (Ap-

pendix Tables 51 - 56) "

The BU combination treatments were significantly

better than the 6eo combination treatments but were not sign-

ificantly better than the 10U combination treatments (figure

23) . There was no significant difference betrveen the B?

combination treatments and the B and 108 EDTA treatments or

the BU potassium sorbate treatments. The BZ combination

treatments were observed to be worse than the 6Z EDTA and

potassium sorbate treatments and 10U potassium sorbate treat-

ments to a limited extent (Appendix Tables 51 - 56).

The l-0% combination treatments were observed to

be significantly better than the 6Z combination, B8 EDTA'

and. 10% potassium sorbate treatments, and better than the

Bå potassium sorbate treatments only to a limited extent"

No significant differences were observed between the 10%

combination treat¡.rents and the 6 and 10ã EDTA, 6Z potassium

sorbate, and 8% combination treatments. Mrost significantly'

95
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the 10U combination treatment was not

the other treatments (Appendix Tables

Organoleptic investigations

The taste panels shor*ed that overall, the com-

bination treatments produced the best results with the pot-

assium sorbate treatments being second best and the disodium

EDTA treatments being the third best, while the controls

\^/ere consistently the v¿orst. Table 5 shows the ranks and

sums of ranks for the taste scores. On the basis of a trend

in change of score from good to worse the 6 to 103 combina-

tion treatments showed the best results with 6Z potassium

sorbate and BZ EDTA treatments showing not much worse results

than the 6 and l-02 combination range. The 6 and BB potas-

sium sorbate samples were sti11 acceptable after 14 days

storage while the 4 and 103 samples were acceptable after

from 10 to 14 days storage. The EDTA treatments were ac-

ceptable only after from 10 to 14 days storage. The 4Z com-

bination treatments were acceptable after from 10 to 14 days

storage while the 6 to 103 combination treatments were still

acceptable after 20 days storage. Controls became unaccept-

able after 7 days storage" Approximate shelf life exten-

sions for these treatments from a taste standpoint are shown

in Table 6 -

worse than any of

51 56) "

97

Aroma scores showed that the best results were

obtained with the combination treatments while the potassium
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TABLE 6

APPROXIMATB SHELF LIFE EXTENSIONS FROM A TASTE STANDPOINT

TREATMENTS

Potassl-um sorbate:

4 and I07"

6 and 87"

Dísodium EDTA:

4 and 67.

B and l0%

Combination:

47"

6 to LOY.

DAYS OF SHELF LIFE EXTENSION AT 3.C

t 13+ The actual shelf life extensÍon would actually be more than 13 days.

5 Days

L0 Days

5

5

Days

Days

6 Days

13* Days't

\o
\.o



sorbate treatments were second. best. The EDTA treatments

showed almost as good results as the potassium sorbate

treatments. Controls consistently showed much worse re-

sults than all treatments. Table 7 shows the ranks and

sums of ranks for the aroma trends comparisons. On the

basis of a trend in change of score from good to worse the

4 to 10U combination treatments along with the BA potas-

sium sorbate and EDTA treatments showed the best results.

The 6 and B% potassium sorbate treatments were

acceptable after I4 to 20 days storage while the 4 and 108

potassium sorbate treatments were acceptable after 10 to 14

days storage. The B and 10% EDTA treatments were acceptable

after 14 to 20 dalrs while the 4 and 6eo EDTA treatments

were acceptable after 10 to t4 days storage. The 6 to 10U

combination treatments were acceptable at 20 days while the

4Z combination treatments were acceptable after 10 to L4

days storage. The controls were unacceptable after 7 days.

Approximate shelf life extensions from an aroma standpoint

are shown in Table 8.

Texture scores were al-l fairly acceptable up to

14 days storage. Controls were unacceptable before 7 days.

All treatments were acceptable at 14 to 20 days except for

4 and 6Z potassium sorbate and 4 and BU EDTA treatments.

Table 9 shoivs the texture scores obtained from taste panel

testing 
"

General appearance scores mostly shorved that all

100
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TABLE B

APPROXIMATE SIIELF LIFE EXTBNSIONS FROM AN AROMA STANDPOINT

TREATMENTS

Potassíum sorbate:

4 and I0%

6 and B%

Dfsodium EDTA:

4 ar,d 67.

B and I0%

Combinatíon:

47:

6 to IQ%

DAYS OF SHELF LTFE EXTENSION AT 3. C

5 Days

10 Days

13+ The actual shelf lfie exËension would really be more than 13 days.
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TABLE 9

TEXTURE SCORES FROM ORGANOLEPTIC STUDIES
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treatments showed acceptable results at between 14 to 20

days storagie except for the 4Z potassium sorbate treatments.

Controfs were unacceptable at 7 Lo 10 days. At 20 days the

4 and 6Z potassium sorbate and the 6 and 10U EDTA treatments

\,r'ere unacceptable. Table 10 shov¿s the general appearance

scores obtained from the taste panels.

CI-IEMICAL EXAMINATION OF FILLET PIECES

Colorimetric Assay For Sorbic Acid Residuals fn Fillet

The residual sorbate remaining on Whitefish fil-

let pieces as analyzed and calculated according to the Nury

and Bolin method, is summarized in Table 11. It shows the

approximate expected p.p.m. sorbate as residual when fillet

pieces of approximatellz the same size (2 cm x 5 cm x 10 cm)

and weight (25 gm) are dipped in the respective concentrati-

ons of potassium sorbate (indicated in weight per volume ra-

tio) for an exposure time of five minutes.

Chemical analysis showed sorbic acid residuals

to be in the range of from 445 p.p.m. for the 5Z w/v potass-

ium sorbate treatment for five minutes exposure time to 1410

p.p.n. for the l0å potassium sorbate for five minutes expos-

ure time. The concentration which would. give a residual

concentration of 1000 p.p.m" woul-d be in the range of from

B to 9Z w/v when exposure time is five minutes.

Pieces

104
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TABLE

TIIE EFFECT OF POTASSIUM SORBATB CONCENTRATION

)/"

67,

87.

9%

L07.

,328

.515

.357

. 450

.525

ug

.400

.492

.37 5

.430

. 505

11

ON

5% and 67" determinations used a 250 ml volumetric flask.

B, g, and 10i{ determinations used a 500 rnl volumetric flask.

(STANDARD

CURVE)

SOPAATE RESIDUALS IN FILLET PIECES

3 .44

s. 60

3. 90

4 .40

5. 70

us (CALCULATED)

3. 6B

5.36

4. 0B

4.70

5 .52

3.44

5. 60

7 .60

B. BO

11. 40

3.68

5.36

B. 16

9.40

11. 04

P.P.M.

430

700

9s0

1100

L440

460

670

102 0

117 0

138 0

P. P.M.
(AV'c)

445

6Bs

985

1135

1410

H
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Colorirnetric Determination Of EDTA Salts In Whitefish
Fillet Pieces

pieces as analyzed and calculated according to the Sinclair

and Power method (1968), is summarized in Table L2. It

shows the approximate expected values in p.p.m. EDTA resid-

ual when fillet pieces of the same above specifications were

dipped in the respective concentrations of disodium EDTA

(weight per volume ratio) for an exposure time of five min-

utes.

The residual EDTA remaining on the fillet

Observed EDTA residuals were in the range of

from 480 p.p.m. for the 4Z w/v for five minutes treatment to

1105 p.p.m. for the L0% w/v for five minutes treatment.

l.07



TABLE L2

THE EFFECT OF DISODIUM EDTA CONCENTRATION ON EDTA RESIDUALS IN FILLET PIECES

CONCENTRATION

4Z

6Z

B3

l0B

OPTICAL DENSITY

.325

.480

.6I5

" 805

.3s0

.505

.64

.7 55

mg EDTA/ 100 9m

46

72

B7

107

50

6B

9L

II4

P.P.M. EDTA AVIG
DDM

460

720

870

1070

500 480

680 700

9r0 890

1140 1105
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In the fish processing industry one of the most

significant problem areas is the rapid spoilage of fresh

fish fi1lets. In places where cooling and icing facilities

have not been available, fish could only be kept a day or so

after the catch and usually had to be sold the same day, In

warm regions fish would be caught early in the morning and

brought to the dock markets or fisheries. It would keep un-

t.il the middle of the afternoon and by then they would have

spoiled. Today icing and cooling make it. possible to store

fresh fish and fish fillets for up to five to seven days wi-

thout seriously affecting organoleptic qualities.

It would then seem that the problem of keeping

fish fresh until consumption, has been solved. Unfortunat-

e1y, this is not the case. Fish processing plants usually

are far removed from col-lection centers and often the market

is far removed from the processing plants. This situation

causes large gaps in the time it takes for the caught fish

to reach the consumer. During this time spoilage occurs and

the fish is no longer acceptable from an organoleptic point

of view and also bacteriologically"

DISCUSSTON

It has been proven that the initial spoilage is

mainly due to bacterial spoilage processes. These bacterial pro-

109



cesses work initially to break down the fatty tissue as an

immediate source of energy for further growth (Nair and

Lahiry, 1968; Shelan, L962) . This faLty tissue breakdown

causes the commonly encountered rancid odours. As spoil-

age progresses bacteria are responsible for the production

of putrid and ammoniacal odours as the usuable supply of

fatty material is exhausted"

The use of cold storage temperatures of from 1

to 5oC delays bacterial spoilage for about five to seven

days from catch time" After that time the psychrotrophic

bacteria commonly found on the fish surface have increased

in number and their metabolic products have accumulated

significantly. It is these metabolic products which are

responsible for the foul odours that result after five to

seven days of cold storage. Pseudomonas putrefaciens,

Pseudornonas fragi, and. Pseudomonas spp. Group III and Group

IV (Shervan, 1960) have been implicated as the main spoil-

age organisms (Levin, L96B¡ Castell et â1., L949; Silverio

and Levin, L967; and Castell and Greenough, 1958) .

Once the main spoilage group of bacteria had.

been identified the search began for a chemical or combina-

tion of chemicals which could be used in conjunction with

cold storage to prolong the useful storage life of fish

fillets.
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to many food products and many of these techniques have been



applied to various forms of fish with varying degrees of

success. However, most of these techniques may cause de-

leterious effects on the organoleptic qualities of the fish

product in at least one of the organoleptic characteristics.

Some of these processes are applicable to only certain forms

of fish. For example, sorbitol and amino acid mixtures have

been used effectively in fish sausages in 1ow concentrations

(Japanese PaLent, L970) " Physical- processes such as storage

in controlled atmospheres of carbon dioxide described in

work done by Shewan (1949) were found to be effective in

extending the shel-f life of fresh fish. However, the car-

bon dioxíde had deleterious effects on the appearance of

the fish.

Research literature revealed the possibility of

using potassium sorbate and EDTA either separately or to-

gether in combination to preserve and extend the shelf life

of fresh fish fillets.

Whitefish fillets were chosen to work with,

because they are particularly subject to bacteriologically

induced rancidity due to their hiqh fat content and because

they were readily available from the Fresh Water Fish Mar-

keting Corporation"
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In the course of the bacteriological studies

it ivas found that initial counts were at a level of from
14

1.0 x 10'to 1.0 x 10* organisms per gram. As storage time

increased it was found that a 1evel of approximately 1"0 x



o
10" orgianisms per gram in the controls corresponded very

closely with the formation and definite detection of rancid

odours. Thus, a level of 1.0 x 1,08 viable psychrotrophic

organisms per gram ('l-OB level-') was chosen as the accept-

able l-imit. Any significant counts over this amount would

indicate a spoiled sample" This method of testing freshness

was chosen over more sophisticated testing procedures such

as the Spinelli (L964) hypoxanthine estimation technique

because of its simplicity. Lerke and Farber (1969) found

that the former means of testing correlated well with the

latter technique.

It should be noted that at a level of 108 organ-

isms per gram in the' treated samples, rancid odours of the

same degree as in the controls of the same storage time were

either not observed at.all or were almost always observed

to a lesser degree where detected at all.

Using the 108 level as the acceptability limit

for both controls and treatments, the sherf life extension

statistic was derived arbitrarity by using the difference

in the number of days the treatments required to reach the

10" level as compared. with the number of days the controls

required to reach the l-08 level. with this information we

coul-d compare shelf life extensions from a bacteriological

viewpoint with shelf life extensions from an organoleptic

viewpoint 
"

Chemical treatment of the fillets was chosen as
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the simplest and most economical method of preservation.

The object of the experimental investigations was to decrease

initial bacterial load and to inhibit subsequent bacterial

growth and odour forming metabolic reactions. This had to

be accomplished in such a way as to not significantly harm

organoleptic characteristics. Dips in solutions of EDTA and

potassium sorbate, in varying concentrations and for varying

exposure times \,vere chosen as the experimental method of

treatment" since EDTA has good antioxidant qualities and is

commonly used in the food industry for.this purpose (Boyd

and Southcott, L96B¡ Pelroy and Seaman, L969; Power et aI"

1968; Regier and Longard, I970; Levin, 1967) , it was employ-

ed with the hope that bacterial production of oxidative ran-

cidity would be significantly inhibited. potassium sorbate

is another chemical preservative widely used in the food in-

dustry today (Borgstrom, 1969). Devebere and. co-workers (

I972) found sorbic acid to have significant inhibitory ef-

fects on the growth of psychrotrophic fish spoilage bacteria

such as Pseudomonas spp.

The chemical treatments used in this work were

potassium sorbate in the concentration range of from o.2s to

10.02 w/v and EDTA from 1 to 103 w/v. The exposure times

were from 10 seconds to 7 minutes. Generally, in the lower

concentration ranges of up to 4 to 5U somewhat signi_ficant

results \.,rere observed, hovtever, shel_f life extensions were

smal1" This could have been due to insufficient exposure
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time as it would be expected that a slightly lower con-

centration at a longer exposure time might work equally as

well as a higher concentration at a shorter exposure time.
However, this is not necessariry true. As indeed this work

indicated, there was no significant difference among expos-

ure times over the range of from three to seven minutes.
There was, however, some small differences between short
times such as 10 seconds and rong times such as seven min-
utes, but these differences were not consistent. This would

indicate that the effectiveness of the treatment does not
critically depend on exposure time but rather on concentra-
tion. rt confers a surface rather than subsurface protec-
tion. Therefore, a spray might prove to have the same ef-
fect as a dip and would have the added advantage of taking
less time to carry out the treatment.

At the Sso potassium sorbate level shelf life
extensions of approximately 4"5 to 5.5 days were observed

while residuals left on the fish hrere approximately 450

p.p.m. There was a noticeable difference in viable counts

for the treatments from 4 to 62 w/v potassium sorbate as

compared with controls. shelf life extensions of from 3.5

to 15 days were observed in this range. These results to-
gether with their graphs (rigures B, gt f0, 11) indicate
that there is a significant difference among treatments in
the concentration range of from 4 to 6z w/v. Furthermore,

the 6z treatment results show the best resurts of all with
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a shel-f life extension of approximately fifteen days and

residual-s of approximately 130 p.p.m. sorbate. In al_l

cases of 4 to 6Z there was an initial decrease in counts

followed by increasingly lower rates of growth as con-

centrations increased.

At approximately B% w/v potassium sorbate for

five minutes exposure time the residual level began to

reach and exceed 1,000 p.p.m. which is the legal safe max-

irrum level-. Although the results and shelf life exten-

sions for Beo and for 102 w/v poLassium sorbate were better

than for 6z they could not be considered as useful as the

6z level of treatment because they teft residuals over the

safe maximum limit. Bacteriological shelf life extensions

for the B and 10u treatments for a five minuLe exposure

time were estimated to be over tvrenty and twenty-five days,

respectively. At levels of treatment over Bz w/v potassium

sorbate it seems that the chemical- has a killing effect on

a large proportion of the bacterial population and its in-

hibitory effect on the survivors is significant enough to

keep l-evels constant over a period of twenty days.

One possible explanation of its activity is

that the sorbic acidr âs a weak acid, in high concentration

changes the surface pli making it undesirable for bacterial

grorvth. Sorbate discourages the enzymatic production of

more free fatty acids from fat tissue by the bacteria,
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Without this means of energy production the bacteria present

cannot grow unless they find an alternate energy supply or

are able to somehow circumvent this inhibition. A similar

explanation was offered by Emard and Vaughn (1952) . The

operating mechanism of sorbic acid works in such a way as

-uo block the normal- functioning of some sulfhydryl group

containing enz)Tres. Therefore it would inhibit a variety

of enzymic breakdown reactions, not only fat oxidation re-

actions but also protein degradation reactions. Sorbic

acid is a competitive inhibitor similar in structure to fat-

ty acids which are naturally responsible for 'turning off'

fat oxidizing enzymes when they are no longer needed" This

latter fact is parti-cu1arly apparent when the metabolic

products such as free fatty acids begin to build up and the

supply of nutrients begins to dwindle.

The disodium calcium salt of EDTA did not yield

as good results as did the disodium EDTA salt. Since EDTA

activity is that of a chelator, the calcium in the former

salt of EDTA tends to discourage chelating, which results

in a lowered antioxidant potency" The disodium salt is

stil-l considered safe to use in some foods in spite of

many authorities insisting that it can bind dangerously large

amounts of cafcium in fish muscle, for example, and make it

unavailable to the human dÍet. Levin (L967) found that a

300 p"p.m. residual of disodj-um EDTA would chelate 13 to 402
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of the available calcium present in the fish muscle.

The odour analysis was very important in that

subjectively this technique is the best way to determine

whether fish is fresh or is not fresh. The averagie consumer

has only their senses to guide them in their freshness judg-

ments. The rating scale in Table 3, page 50 was used to sta-

tistically compare Lreatment effects.

The odour analysis results indicate that al-1

treatments have significantly better results than controls

but it would be difficult to accurately describe any one of

the treatments as being consistently better than another.

At the same concentration and exposure time all

three different types of Lreatments were observed to have

similar effects except at the 10% leve1 where potassi-um sor-

bate treatment was significantly worse than the 102 EDTA and

combination results. Varying the concentrations of each of

the three types of chemical treatments did not seem to give

significantly ciifferent results. However, when comparisons

were made between various types and concentrations differen-

ces became more apparent. In these comparisons the EDTÀ ,

treatments seemed to give better results than potassium sor-

bate treatments as the concentrations approached the 109 w/v

Teùel. This may have been the consequence of different sen-

sory detection levels for the two chemicals" The panelists
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observed an odd sme11 in treatments of high sorbate concen-

trations. When c-ross-comparing different types of chemical

treatments between high and low concentrations ranges ob-

vious differences were observed. For example, a distinct

difference was seen beLween the l-0U combination treatments

and both the 83 EDTA and potassium sorbate treatments.

The former treatment was observed to be significantly bett.er

than the latter treatment. líowever, there seerned to be no

significant difference between the 10U combination and 6Z

EDTA and potassium sorbate treatments. A possible explana-

tion of this phenomenon is that although the normally expect-

ed result is increased efficacy with an increase in concen-

tration, there seems to be a pa-rticular balance between ben-

eficial chemical effects and harmful effects. On the one

hand an increased concentration could benefit the inhibition

of oxidation thus resultingi in improved odour results over

storage time. However, on the other hand this increased

chemical concentration increases the likelihood of detection

of off-odours due to the addition of the chemical itsel-f.

The B and 103 treatments are close enough together in con-

centration so that differences in effects are noticed on one

scal-e onIy, that of the inhibition of odour-forming activi-

ties so that a slightly higher concentration has a slightly

better effect. In comparing the 10å potassiurn sorbate treat-

ments with the 6Z treatments, the probable result woul-d be
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similar effects in that the 10% concentration although having

better odour inhibiting effects than the 6Z 1eveI, contrib-

utes to odour in itself, thus causing an equalizíng effect

between the two different treatments "

In conclusion it could be said that at the 6Z

leve1 all three treatments gave the best results from a resi-

dual standpoint. They all- had similar inhibitory effects on

the retardation of odour formation-

The taste panel results on the cooked fish show-

ed more differences among treatments over the lengLh of the

storage period. The combination results along with the BZ

potassium sorbate and the 6Z EDTA results showed the best

taste scores while the combination results and the B% EDTA

and potassium sorbate treatments showed the best aroma

scores.

The 10% Potassium sorbate scores were not as

good as the BZ scores due to the detection of undesirable

chemical tastes and aromas. However, the BU scores were

better than the 4 and 6Z results because the increased con-

centration had. increased inhibitory effects on the formation

of off-flavours and off-oCours due to chemical and' r,ricro-

bial deterioration" This concentration was not as high as

the lOs" treatments therefore chemical tastes and odours

were not apparent.

In combination, the EDTA and potassium sorbate
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seemed to have synergistic action in that together they
seemed to work better than either of the two alone. The

rank sums of the taste and aroma scores as shown in Tables
5 and 7 indicate that the results of the combination treat-
ments were twi-ce as good as either of the other two treat-
ments. This would then tend to rule out the possibility
of simpry an additive effect of the two other treatments
being the sole reason for the better combination resul_ts.
The expected rank sums for the combination treatments woul-d

not be expected to be much better if an additive effect
were solely the case. Rather, in addition to the addi_tive
effects there seems to be a synergism between the EDTA and
potassium sorbate treatments which results in the combina_
tion treatments being so much better than either of the two
a1one.

rt is sometimes difficult to describe an appro-
priate theoretical model for an experiment. The real- dif-
ficulty often comes after the model has been defined. That
difficulty is in finding the probabilities associated with
the model-- For this reason the moder is changed slightly
in order to be abre to solve for the desired probabilities.
This musÈ be done in such a way as to not change the model
too drastically in order that the model stirl be realistic.
Thus it should be possible to obtain exact solutions for
these approximate problems. This area of statistics is cal-
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1ed rparametric statistics' and employs such tests as the

'tt test and the tFt or tFisherr test. These two tests were

used to analyze the microbiological data of this thesis work.

The rtr test analysis was applied to tests where

paired samples were used in the microbiological analysis.

This method is very accurate and supplies exact information

where required. The range of concentration and exposure

times explored with this method of analysis provided infor-

mation on how further analysis in higher concentration

ranges should be made. In brief, the studies undertaken

using this method of analysis were actually rangefinder

studies.

The rationale for pairing was that two strips

of fish tying alongside each other had to be very similar

in all respects such as biochemical activity, microbial

population, activity, density, and type. Therefore fillet

to fillet variation and piece to piece variation within

the sa¡ne fitlet could not interfere much with what had to

be the most true results.

L2I

The series of microbiological experiments which

used the analysis of variance statistical method or the

Fisher test were in the higher concentration range and one

experimental block included all chemical types of treatments.

The previous method of analysis usually onty incl-uded one

chemical treatment in any experimental- pair or block. The



second method. of analysis, although not more accurate than

the first, provided much more information with the use of

much lower såmple population numbers

Non-parametric statistics embodies the search

for approximate solutions to exact problems. These methods

require less computational work than most parametric test

analyses and therefore are easier and quicker to apply than

other statistical methods " The following two tests \,vere

used for the analysis of odour testing data and taste panel

results for aroma and. taste, respectively"

The Wilcoxon Signed Ranks Test was chosen for

the analysis of the odour testing data d.ue to its simple

approach to a very complex subjective testing procedure.

It provided the most meaningful and si-gnificant resul-ts

when applied to this data in comparison with other more com-

plex testing procedures.

The Cox-Stuart test for trend was chosen to be

used for the aroma and taste data. It was chosen because

it could be adapted to a study of how one treatment could

tend to be more or less effective at preservation in a use-

fuf way than others over a certain period of storage time.

This procedure took into account not only day to day trends

but trends over the entire length of the study.
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l'Iew chemicals and combinations of chemicals and

processes are being developed every year for the preservation



of fish. rt must however be kept in mind that preserva-

tion is not always the most desi-rable substitute for ef-
ficient transportation systems and well- designed carriers
which transport the product to the market without chance

for spoilage. rn the consumer's mind, freshness is sti11
prominent and that means a product as close as possible to
the original state of the fish in all respects, without the

addition of preservatives. Food processors must bear the

responsibility for future generations for the way in which

processed foods are manufactured. preservatives must be

thoroughly and exhaustively tested for all possibre human

side effects before being al-lov¡ed to be used in a processed,

food item.

The outcome of these studies indicates that
there is a possibility of using potassium sorbate, disodium

EDTA, or more likely a combination of the two chemicals as

a fish fillet preservative. However further studies are re-
quired on a larger pilot. scale in order to fully determine

how effective such a treatment would be on a comrnercial

scale. considering that the two chemicals are already
widely used as food preservatives, their availability and

reasonable cost woul-d probably prove to be attractive to the

fish processing industry from both an economic and practical
usage standpoint"
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SUI4I"TARY

Potassium sorba-te has an inhibitory effect of

the growth of spoilage bacteria on fresh whitefish fi1lets.

In higher concentrations of from B and l-OU w/v íl has an

initial killing effect.

Potassium sorbate demonstrates . antioxidant

activity. This activity is not however, as good as EDTAts

antioxidant activity at concentrations from 6 to 103 w/v.

Shelf life extensions of from one to six days

are possible with the treatment range of from 0.05 to 5 " 0U

w/v potassium sorÏ.¡ate. Extensions of from ten to twenty-five

days were observed. with the treatment range of from 6 to 10U

w/v potassium sorbate.

Potassium sorbate is acceptable from an organo-

leptic point of view in treatment concentrations as high as

Bå. However, ât 10? in samples stored for over ten days

typical sour-acid tastes become apparent" Shelf life exten-

sion from an organoleptic point of view was determined to

be about 5 to 6 days for the 4Z level to approximately 10 to

11 days for the BZ leveÌ of treatment.

EDTA has an inhibitory effect on the grovrth of

spoilage bacteria on fresh whitefish fillets. In higher con-

centrations of from B to 10U it demonstrates an initial kil-

ling effect. However, these effects are not as pronounced as

those observed with the potassium sorbate treatments at the

sarne concentrations "
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The antioxidant activity of EDTA is more pro-

nounced than that of potassium sorbate at the same concen-

tration.

Shelf life extensions of from two days for a 4Z

w/v disodium EDTA treatment to approximately t9 days for the

104 level of treatment were observed.

EDTA proved to be acceptable from an organoleptic

point of view in treatment concentrations as high as 10% w/v"

However, samples tested at 20 days storage, over the range

of concentrations of from 4 to tOu, did not seem to be nearry

as acceptable as the combination treatments and in most

cases were a little less acceptable than the potassium sor-

bate treatments except for tire 10å level. From an organo-

leptic point of view shelf life extensions were observed to

be approximately 4 to 5 days for the 42 l-evel up to 5 to 6

days for the I0Z level-.

The combination treatments had the most signi-

ficant effects on the growth of spoilage bacteria" Kitl

effects were observed at lower concentrations than those re-

quired for kill- using either of the two chemicals sep-

arately.
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Antioxidant activity was very well pronounced and

was better than either of the two separate chemical treat-

ments.



Shelf life extensions were over twenty-five

days for the 6Z treatments.

The combination results were the most accept-

able from an organoleptic point of view. Shelf life ex-

tensions of from six days for a 4Z combination treaLment

up to over 13 days for a 62 combination treatment were ob-

served.
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APPENDIX TABLE 1

THE ]]FFECT OF POTASSIUM SORBATE ON THE VIABLE PSYCHROTROPI{IC BACTERIA

TREATMENTS

CONTROLS 

I

STORAGE DAYS AT 3OC

¿

O DAYS 3 DAYS

sPC/gm. VraStS/gm.

0. 05%

0 .057"

0.051l

0.057

0. r0

0.r07"

0.L07.

0. r0%

r.25

3.4

2.3

r. 51

1.0

L.7

3.3

B.B

1.5

1.0

r.37

10 sec

30 sec

I min

2 min

10 sec

30 sec

I min

2 min

q

10- 3.3 x
tt10' 0

L10' 5.0 x

to5 l. o5 x
It10' 1.57 x
Ll0' 0

L10' 5.3 x

lL10 9.4 x
510- 2.2 x
E

10J 0

q

10- 8.8 x

r05

SPC/Cn. YEASTS/gm. MOLDS/gm.

r01

103
,)

10'

6.0 x 106

* All mold counts v/ere zero
ttt All yeast and mold counËs

4.8

8.6

6.0

7.0

1.68

4.6

6.2

7.7

L02

L02

103

r02

-^6IU

106

106

106

106

106

r06

r06

J- -r-

6 DAYS

0

0

0

SPc/cm.

and therefore were not entered.
\^rere zero and therefore were not entered.

6.9 * 102 7.0 x lol

0

0

0

0

0

0

0

All counts
\.vere at approx-
roximately the
level of-
5.0 x l0/ cells/gm.

U

0

0

U

H(,
æ



APPENDIX TASLE 2

TI{E IFFECT OF VARYING CONCENTRATIONS OF POTASSIIIM SORBATE AND VARYTNG EXPOSURE TIMES

ON THE VIABLE PSYCHROTROPHIC BACTERIA

TREATMENTS

0.25% / 1 min

0.257" I 2 mj:r'

0.252 / 3 min

CONTROLS

0.507. / I min

0.502 I 2 nin

0.50% / 3 mtn

CONTROLS

SP C/ gm.

5.1 x 103

4.3 x 103

3.2 x t03

5.2 x 103

1.52 x 105

1.26 x 105

¿,6.3 x l0'

2.61 x 105

O DAYS

STORAGE DAYS AT 3OC

spc/gm.

5.79 x 104

2.38 x 104

1.06 x 104

7 .02 x L04

1.45 x 105

2.24 x L05

1.27 x 105

3.6 x 105

sp c/gm.

3.81 x 106

1.52 x 106

2.05 x 106

3.45 x 106

1.18 x 106

1.64 x 106

4.75 x 105

3.97 x 107

SP C/ gm.

6.5 x 107

I.2 x 108

9.8 x 107

2.15 x 108

1.88 x 108

1.23 x 108

5.8 x 107

2.26 x LOB

H(,
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APPENDIX TABLE 3

THE EFFECT OF POTASSII]M SOR3ATE FOR VARYING EXPOSURE TIMES

TRIATMENTS

Con t ro ls

0.707" / 3 min

0.707. / 5 min

0.707" I 7 mtr,

ON THE VIASLE PSYCHROTROPHIC BACTERIA

0, DAY,S

SPC / gm

It
3.7 x 10'

It4.2 x L0'

It
7.0 x 10'

It
2.1 x 10'

STORAGE DAYS AT 3OC

4 DAYS

SPC / gm

1.83 x 107

5.8 x 106

7.5 x 106

4.4 x 106

B DAYS

SPC / gm

1.3 x 109

7.9 x 108

9.8 x 108

8.5 x 107

H
¡È
O



APPENDIX TABLE 4

THE EFFECT OF VARYING CONCENTRATIONS

A FIXED EXPOSURE TIME ON THE VIABLE

TRIiAT},lENTS

Cont ro 1s

0.52 I 5 min

L07" I 5 min

3.07" I 5 min

5.07" I 5 min

O DAYS

SPC/gm

2.55 x

2.52 x

1.87 x

2.47 x

2.02 x

STORAGE DAYS AT 3OC

B DAYS

Fisher test sraristic is 0.l-36l-77

srudenrrs t-test sratistic is L,67094

* Above results are not very significant except those for the 5"/. I 5 min treatments.

OF POTASSIIIM SORBATE FOR

PSYCHROTROPHIC BACTERIA

105

105

105

105

E

10J

SPC/gm

1. 84 x

9.75 x

7.5 x

1,95 x

2.95 x

ol0-

108

108

108

107

14 DAYS

SPC/gm

1.0 * tolo

9.0 x 109

7.0 x 109

5.0 x 109

2.42 x IO9

ts
,Þ
H



APPENDIX TABLE 5

THE EFFECT OF DISODIUM CALCII]M EDTA ON THE VTABLE PSYCHROTROPHIC BACTERIA

TREATMENTS

Control s

0.5% I 5 min

0,75"Ál 5 m1n

1.07" I 5 rnin

r.5'X I 5 mln

O DAYS

SPC/gm

3.89 x

1.48 x

4.85 x

8.1 x

6.85 x

STORAGE DAYS AT 3OC

5 DAYS

Fisher test statistic is 0.0fB4B (no significance)

105

105

105

tt
10'

104

sPc/cm

B.B3 x

6.63 x

6.88 x

L.32 x

5.0 x

106

106

106

107

t-06

9 DAYS

SPC/ gTn

3.05 x 109

2.I4 x I09

2.4L x L09

2.19 x 109

1.78 x 109

H
,Þ
N)



A?PENDIX TABLE 6

TIIE BFFECT OF DISOD]IIM CALCIIIM EDTA ON THE VIABLE PSYC}IROTROPHIC BACTERIA

TREATMENTS

Trial 1

Controls

l.c/" / J m]n

Trial 2

Controls

47. I 5 nin

O DAYS

SPC/gm

It9.2 XlO '

1.13 x 105

1.40 x 105

L
3.57 x 10'

Student I s t-test
level is 1.638

STORAGE DAYS AT 3OC

6 DAYS

SPC/CM

5.45 x

2.76 x

5.5 x

3.57 x

sratisríc is 1.3785
the results therefore

107

L07

L07

104

IO DAYS

SPC/cm

1.65 x

5.75 x

6.8 x

5.6 x

. Since the critical value for the 90% confidence
are insígnificant.

108

108

108

108

14 DAYS

SPC/gm

3.0 * tolo

2.74 x LO9

7.65 x 109

4.0 x 109

ts
¡Þ(,



APPENDIX TABLE 7

TIIE BFFECT OF POTASSIUM SORBATE FOR VARYING EXPOSURE

TREATMENTS

Cont rols

TIMES ON T}IB VIABLE PSYCHROTROPHIC BACTERIA

Li4

I7.

3 mln

5 min

7 minLlo I

O DAYS

SPC/gM

3.14 x

2.82 x

2.53 x

?q

STORAGE DAYS AT 3OC

5 DAYS

SP C/ grn

105 r.52 x

to5 5.8 x

ro5 6,5 x

to5 6.8 x

108

rc7

107

L07

9 DAYS

SPCi gm

2.87 x 109

I.92 x IO9

1.94 x 109

1, BB x 109

tsè
È



APPENDIX TABLE B

THE EFFECT OF POTASSIUI.{ SORBATE ON THE VIABLE PSYCHROTROPHIC BACTERIA

TRUATMINTS

Trial 1

Controls

47" I 5 nj-n

TriaL 2

Controls

47. I 5 mtn

O DAYS

spC/gm

9.5 x

3.6 x

I.27 x

1.35 x

STORAGE DAYS AT 3OC

5 DAYS

¿L

10'

It
10'

106

tr

l0J

SPC/gM

5.9 x

6.65 x

1.31 x

3.5 x

l0B

106

108

106

10 DAYS

SPC/gm

8.55 x 109

2.31 x 109

6.35 x 109

1.57 x 109

ts
,È(¡



APPENDIX TABLB 9

THE EFFECT OF POTASSIUM SORBATE ON THE VIASLE PSYCHROTROPHIC BACTERIA

TRUATMI'NTS

Trlal 3

Controls

4% l5mín
Trial 4

Controls

, ¿47" I 5 mLn

O DAYS

SPC/grn

4.05 x

4.45 x

4.45 x

1.07 x

STORAGE DAYS AT 3OC

5 DAYS

r05

104

106

10s

SPC/gm

1.12 x

7.4 x

2.IL x

7.15 x

-^BIU

106

108

106

10 DAYS

SPC/CÍI

5.5 x 109

1.57 x 109

4.35 x I09

1.21 x 109

H
,Þ
o\



APPENDIX TABLE 10

THE EFFECT OF POTASSIIIM SORSATE ON TI]E VIABLE PSYCHROTROPHIC BACTERIA

TREATMENTS

Trlal I
Controls

57" I 5 mLn

TríaL 2

Controls

57" I 5 r¡-in

O DAYS

SPC/gM

5.8 x

4,2 x

6.75 x

4.05 x

STORAGE DAYS AT 3OC

5 DAYS

103

103

r03

-^3IU

SPC/CM

7.45 x

2.2 x

I.92 x

1.9 x

106

105

L07

tr

10J

10 DAYS

SPC/gm

4.56 x 109

4.7 x 107

5.3 x 109

1.32 x 108

ts
,Þ{



APPENDIX TABLE 11

THE EFFECT OF POTASSIUM SORBATE ON THE VIABLE PSYCHROTROPHIC BACTERIA

TREATMENTS

Trial 3

Contro I s

5Z l5nin
Trial 4

Controls

5% l5nín

O DAYS

SPC/gM

6.7 x

4.45 x

1.1 x

6.25 x

STORAGE DAYS AT 3OC

5 DAYS

t03

103

104

1
t0'

SPC/gm

2.79 x

1.07 x

1.5 x

2.6 x

108

106

107

105

10 DAYS

SPC/gm

1.09 x I09

1.5 x 106

1.79 x 109

2.g x 107

F
È
co



APPENDIX TABLE 12

TIIIÌ EFFECT OF POTASSIUM SORBATE ON THE VIABLE PSYCHROTROPHIC BACTERIA

TREATMENTS

Trlal 1

ConLrols

IF>/" / ) mln

TríaL 2

Controls

97! / 5 nin
Trial 3

Cont.rols

9"/. / 5 nln

O DAYS

SPC/gm

r.46 x

1.20 x

1.04 x

1.50 x

9.75 x

6.85 x

STORAGE DAYS AT 3OC

6 DAYS

10s

105

105

105

104

104

*NA Not available due to spoiled sample.

SPC/gm

3.22 x

3.5 x

6.25 x

5.5 x

5.55 x

3.5 x

r07

104

r07

tt
10'

107

104

10 DAYS

SPC/gm

2.0 x tOB

1.0 x 104

1.02 x 109

----NA*

6.9 x 109

2.3 x 105

14 DAYS

SPC/gm

2.8 x 109

1.0 x 108

3.0 * 1010

----NA*

3.0 * t010

1.0 x 107

ts
,5
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APPENDIX TABLE 13

THE EFFECT OF POTASSIUM SORBATE IN COMBINATION I^]ITI{

DISODIUI'Í EDTA ON THE VIABLE PSYCHROTROPHIC BACTERIA

TREATMENTS

Tría1 I
Controls

I(SA-EDTA

'lríal 2

Controls

KSA-EDTA

TrÍal 3

Controls

KSA-EDTA

O DAYS

SPC/gM

6.35 x 104

3.05 x 104

1.25 x 105

6.04 x 104

6.3 x 104

2.44 x L04

STORAGE DAYS AT 3OC

6 DAYS

rt KSA-EDTA 4"/" EDTA / 5 mínutes followed by 92 poEassium sorbate / 5 minutes.

SPC/gm

8.25 x 107
l!1.0 x 10'

1.01 x 108
'lt
4.5 x l0'

3.4 x 107

tL9.5 x l0'

IO DAYS

SPC/gM

7.8 x 107
L1.0 x 10'

2.7 x L07

¿L

1.0 x 10'

7.0 x 108

L
1.0 x 10'

14 DAYS

SPC/SM

3.0 x 1010

1.0 x 107

3.0 x 107

1.0 x 107

3.0 x tolo

1.0 x 107

H
t¡o



APPENDIX TABLE 14

THE EFFECT OF DISOD]UM EDTA ON THE VIABLE PSYCI{ROTROPHIC BACTERIA

TI{I]ATI'ÍINTS

Trial 1

Controls

4% llDTANa^/5 min
¿

Trial 2

Controls

4% EDTANa^/5 min
¿

O DAYS

SPC/gm

L.I2 x
6.1 x

6.75 x

1.10 x

STORAGB DAYS AT 3OC

6 DAYS

105

104

104

104

SPC/cm

3.75 x

4.65 x

4.70 x

9.2 x

107

106

107

r05

10 DAYS

SPC/gm

I.74 x

6.0 x

I.44 x

1.65 x

q
10'

108

q
10-

107

14 DAYS

SPC/gm

3.0 * tolo
1.05 x tOB

3.0 * to10

2.0 x 107

H(¡
ts



TREATMENTS (82 potassium sorbate)

O DAYS

TTIE EFFECT

TIMES

Trial 1

Cont ro 1 s

3 min

5 mln

7 min

APPENDIX TABLE 15

POTASSIUM SORBATE AT VARYING EXPOSURE

THE VIABLE PSYCHROTROPHIC BACTERIA

OF

ON

SPC/gm

8.0 x

1.54 x

1.13 x

1.95 x

* Less than 30 colonies on a 105

STORAGE DAYS AT 3OC

6 DAYS

106

r06

106

105

SPC/gm

1.5 x

8.05 x

I.25 x

4.3 x

a
10'

1C'

105

105

10 DAYS

dilution plate.

SPC/CM

I.2 x

3.2 x

2.09 x

5.5 x

1010

106

106

r04

14 DAYS

sPc/gm

3.0 * t010
o

3.58 x 10"
{.

q

<30. x l0'
.L

\<30. x 10-

ts(¡
t\)



TREATMENTS (B% potassium sorbate)

THE EFFECT OF

TIMES ON

TríaL 2

Controls

3 mÍn

5 min

7 min

APPENDIX TABLE 16

POTASSIUI'{ SORBATE AT VARYING EXPOSURE

THE VIASL]I PSYCI'IROTROPHIC BACTERIA

O DAYS

SPC/gm

¡! Less than 30 colonies on a 105 dilution plate.

1.5

aa
JtL

1. 13

1. 3B

STORAGE DAYS AT 3OC

107

105

105

105

SPC/gm

2.0 x

2.7 x

2.25 x

2.7 x

o
10'

105

r05

105

10 DAYS

SPC/gm

7.75 x

7.65 x

4.L x

7.5 x

o
10'

105

105

104

SPC/gm

3.0 x 1o1o

6.3 x 107
4r

< 30. x 105

1.0 x 105

F
(tl
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APPEND]X TABLI| T7

TIIII EFF]]CT OF DISODIUI'I EDTA AT VARYING EXPOSURE TII.IES ON TITE VIABLE PSYC}IROTROPI]IC BACTER]A

TRI'ATM]'NTS

(Bg EDTA)

CONTROLS

3 min

5 min

7 min

STORAGE DAYS AT

DAYS 6 DAYS

SPC/gM.

1.15 x 107

4.09 x 105

8.05 x 105

1.04 x 106

SPC/gM.

1.75 x 109

2.0 x 107

9.1 x 106

6.05 x 106

J

i0

SPC/gM.

9.93 x 109

2.36 x 108

2.4 x 108

2.i1 x 108

DAYS 20 DAYS

spc/gm.

3.0 x loio

3.25 x 109

g.2 * 108

1.75 x 109

H
(Jl
,s



TREATMINTS

(67"l5min)

TltE EFFECT OF POTASSIUI{ SoRBATII, DISODru},f EDTA, AND TIIEIR

COMBINATION ON TIIE VIABLE PSYCIIROTROPHIC BACTERTA

Trlal I

CONTROLS

K-SA

EDTA

EDTA/ K-SA

APPENDIX TABLE 18

O DAYS

spc/gm.

1.02 x 105

5.75 x 105

1.19 x 105

4,45 x 104

STORAGE DAYS AT

6 DAYS

spC/ gm.

5.0 x 108

9.45 x 105

6.4 x 106

It7.5 x 10'

3' c

10 DAYS

SpC/gm.

2,0 x 109

2.2 x 106

6.75 x 106

It3.4 x 10'

20 DAYS

SPC/CM.

3.0 * 1010

3.71 x i07

7.7 x 107

<30. x 105

H(¡
LN



APPENDTX TABLE 19

TIIE EFFECT OF POTASSIUM SORBATE, DISODIUM EDTA, AND THEIR

COMI]INAT]ON ON TTIE VIABLE PSYCHROTROPHIC BACTER]A

TREATI"IENTS

(67. l5min)

TrLaI 2

CONTROLS

K_SA

IIDTA

EDTA/ K-SA

DAYS

SPC/gM.

2.7 7

1. 19

5.9

l.58

STORAGB DAYS

6 DAYS

106

105

104

104

SPC/sm.

1.0

9.0

6.9

2.5

q
l0'

104

r05

i04

3' C

DAYSl0

Spc/cm.

2.0 x 109

1.62 x 106

It
1.35 x 10'

It1.5 x 10'

20

spc/gm.

3.0 * tolo

3.06 x 108

6.2 x 108

<30. x 105

DAYS

F
(n
Or



APPENDTX TABLE 20

THE EFFECT OF POTASSIIIM SORBATE, DISODIUM EDTA, AND THEIR

CO},IBINATTON ON T[iE VIABLE PSYCHROTROPHTC BACTERIA

TREATMENTS

(87"/5min)

Trlal 1

CONTROLS

K-SA

EDTA

EDTA/ K-SA

DAYS

SPC/gm.

r.02

4.3

9 ,65

1.01

STORAGE DAYS

6 DAYS

i0s

104

103

104

spc/gm.

5.0 x 108

It1.5 x 10'

2,25 x lO5

It6.0 x 10'

AT 3' c

DAYS10

SPC/gm.

2.0

r.25

4.7 5

1.0

a
10-

Ê

10'

106

105

20

SPC/CM.

3.0 * t010

7,0 x t06

3.23 x 108

<30. x i05

DAYS

H
LN{



TREATMENTS

(B7, l5mtn)

THE EFFECT OF POTASSI1IM SORBATE, DISODIT]M EDTA, AND TIIEIR

COI.ÍBINATION ON T}IE VIABLE PSYCHROTROPHIC BACTERIA

Trial 2

CONTROLS

K-SA

EDTA

]IDTA/ K-SA

APPEND]X TABLE 2I

O DAYS

sPc/gm

2.77 x 106

2.05 x 105

L
4.15 x 10'

1.43 x 104

STORAGE DAYS

6 DAYS

SPC/gM

1.0 x 109

L.7 x 105

1.35 x 105

It6.6 x l0'

AT J

1O DAYS

SPC/gm

2,0 x 109

2.0 x 105

1.01 x 107

1.0 x 105

20 DAYS

SPC/gM

3.0 * lolo

5.0 * 106

I.57 x 108

3.0 x 105

H
('l
co



TIìTiAT}fiiNTS

(107,1 5 min )

THE EFFECT OF POTASSIIN,T SORBATE, DISODTUM EDTA, AND THE]R

COMBINATION ON THE VIABLE PSYCHROTROPHIC BACTERIA

Trfal I

CONTROLS

K-SA

EDTA

EDTA/ K-SA

APPBNDIX TABLE 22

SPC/gM

i.02 x 105

4.05 x 104

2.56 x r}tj

2.6 x i03

DAYS

STORAGE DAYS

DAYS

SPC/gm

AT

5.0

6.5

5.3

2.0

J

108

104

i05

I04

1O DAYS

spc/gm

2.0 x 109

2.6 x t05

5.15 x 105

< 30. x 104

20

SPC/gM

3. 0 * 1010

1.0 x 105

7.g x 107

30. x 104

DAYS

H
LN
\o



TREATM]INTS

(t07. l5mfn)

THE EFFECT 0F POTASSIUM SORBATE, DrSODIUl"t EDTA, AND THEIR

COMtsINATION ON TliE VIABLE PSYCHROTROPHIC BACTERIA

TríaI 2

CONTROLS

K_SA

EDTA

EDTA/ i(-SA

APPENDIX TABLE 23

DAYS

sPC/cm

2.77 x L06

It5.8 x 10'

1.25 x 105

1.51 x 104

STORAGE DAYS

DAYS

SPC/gm

1.0 x 109

l!2.5 x I0'

4.25 x L05

5.0 x 103

AT J

IO DAYS

SPC/gm

2.0

4.0

| .43

5.0

q
10'

Ll0'

106

103

20

SPC/gM

3.0 * lolo

1.0 x 105

<30. x 105

1.40 x 108

DAYS

H
Oì
o



TREATMENTS

( B% K-sA )

TI1E EFFECT OF POTASSII]M SORBATE AT VARYING EXPOSURE TT}ÍES

ON THE PENICILLIN RESISTANT PSYCHROTROPHIC BACTERTA

Trial I

CONTROLS

3 mfn

5 min

7 min

APPENDIX TABLE 24

P-SPC/gm

I.6 x 105

5.8 x 105

5.08 x 105

1.85 x 105

DAYS

STORAGE

6

DAYS

DAYS

p-SP c/ gnì

AT

Ôtr¿.)

7.3

i.. i1

,c

JU

IO DAYS

o
10,

r05

105

105

P-SPC/gm

8.0

6. 0s

1. 89

2.0

109

106

106

104

20

P_SPC/gm

3.0 * tolo

2.89 x 108

.30. x I05

3.0 x I05

DAYS

H
o\
H



TREATMENTS

( BU K-sA )

APPENDIX TABLE 25

T}IE EFFECT OF POTASSII]M SORBATE AT VARYING E)GOSURE TII'íES

ON THE PENICILLIN RESISTANT PSYCIiROTROPIIIC BACTER]A

Trlal.2
CONTROLS

3 min

5 mín

7 min

DAYS

P-SPC/gm

STORAGE

6

3.0

6.0

3.9

1.14

106

105

L
10'

105

DAYS

DAYS

P-SPC/gM

3.0 x 108

5.55 x 104

1.56 x 105

2.75 x 105

AT J

10

P-SPC/gm

8.0 x 109

5.6 x l05

5.75 x 105

It2.0 x 10'

DAYS 20 DAYS

P-SPC/gm

3.0

5.3

I.0

i.0

. ^10IU

107

105

105

H
Or
t$



TRIATMENTS

(BZ EDTA Na, )

TIIE EFFECT OF DISODIIIM IiDTA AT VARYING EXPOSURE TTMES

ON THE PENICTLLIN RESISTANT PSYCI-IROTROPHIC BACTERIA

CONTROLS

3 mln

5 mín

7 min

APPENDIX TABLE 26

DAYS

P_SPC/gm

STORA,GE DAYS

6 DAYS

1.58

1. 02

7.0

6.0

i06
E

10J

105

i05

p-SpC/gm

2.75 x IO8

t.85 x i07

9.26 x 106

6.6 x 106

AT 3. C

1O DAYS

P-SPC/gm

8.0 x 109

2.47 x I0B

2.49 x I08

2.09 x 108

20 DAYS

P-SPC/gm

3.0 * 1o1o

3.64 x 109

1.61 x i09

2.27 x 109

H
o\(,



TREATMENTS

(67"l5min)

Tllll liFF[cT 0F POTASSIUM SORBATE, DISODIUM EDTA, AND THE]R CoMIIINATION

ON T}IB VIABLE PBNTCILLIN RESISTANT PSYCHROTROPHIC BACTERIA

Trial I

CONTROLS

I(_SA

i]DTA

EDTA/ K-SA

APPENDIX TABLE 27

P_SPC/gn

2.0 x 106

1.61 x 105

2.85 x 104

8.15 x 102

DAYS

STORAGE DAYS

6 DAYS

P-SPC/gm

3.0

1.27

4,1

7.0

AT

108

106

106

1

10'

3' C

DAYSl0

P_SPC/gm

2.0

8.75

5.0

o
10'

106

106

103

20 DAYS

P-SPC/sm

3.0 * tolo

I.I2 x I07

3.0 x 107

< 30. x 105

F
oì
È



APPENDIX TABLE 2B

Tll[ EFFBCT 0F POTASSIITM SORBATE, DISODIITM EDTA, At'tD THEIR CottBrNATrON

ON THE VIABLE PENICILLIN RES]STANT PSYC}IROTROPHIC BACTERIA

TREATMENTS

(67. l5min)

Trl,al 2

CONTROLS

K-SA

EDTA

EDTA/ K_SA

DAYS

P-SPC/gm

8.0 x 105

7.75 x I04

5.85 x 103

2.10 x i03

STORAGE DAYS

6 DAYS

p-SpC/gn'

5.0

9.8

6.0

2.95

AT 3' c

DAYS

108

104

r05

tti0'

i0

P-SPC/gm

2.0

| ,52

1.35

1.0

o
IO,

106

tt
10'

103

20 DAYS

P-SPC/gm

3. o * 1o1o

3.29 x I08

6.5 * 108

1.0 x 105

ts
Or
u¡



TREATMENTS

(87"15m1n)

THE EFFECT OF POTASSII]M SORBATE, DISODIUM EDTA, AND TTIEIR COMBINATIO¡I

ON THE VIABLE PENICILLIN RESISTANT PSYCHROTROPHIC BACTERIA

Trial I

CONTROLS

K-SA

EDTA

EDTA/ 1(-SA

APPENDIX TABLE 29

O DAYS

P-SPC/gm

2.0

f . i4

4.7

2.5

STORAGE DAYS

6 DAYS

r06

104

103

r02

P-SPC/gm

3.0

7.0

2.47

5.7 5

AT

o
10'

.)

10'

i05
L

10

3' C

DAYS10

P-SPC/gm

2.0

4.L

5.0

1.5

o
10'

L
10'

106

103

20

P-SPC/gm

3.o * loIo

5.0 * 105

3.89 x l0B

< 30. x I05

DAYS

H
Oì
Or



TREATMENTS

(87. l5min)

APPENDIX TABLB 3O

THB EFFECT OF POTASSIIJM SORBATE, DISODII]M EDTA, AND THEIR COI'{BINATION

ON TIIE VIABLE PENICILLIN RESISTANT PSYCHROTROPHIC BACTERIA

TrIaL 2

CONTROLS

K-SA

EDTA

EDTA/ I(-SA

DAYS

P-SPC/cm

8.0

5. 3s

1.11

8.0

STORAGE DAYS

6 DAYS

105

L
10'

104

101

P-SPC/gm

5.0 x 108

4.05 x 104

1.43 x 105

It5.0 x 10'

AT J

i0 DAYS

P-SPC/cm

2.0

1.05

1.07

1.6

109

105

L07

r04

20 DAYS

P-SPC/gm

3.0 * tol0

7,0 x 105

1.30 x l0B

7.0 x 105

H
o\\¡



TRiiATI4IINTS

(10i1 /5min¡

TltE EFFI1CT 0F POTASSTUM SORBATE, DISODTUM EDTA, AND TltErR COt:lBrNATrOÌl

ON TIIE VIABLE PENICILLI}I RESISTANT PSYCIIR.OTROPIIT.C BACTERIA

Trial I

CONTROLS

K-SA

IiD'iA

EDTA/ I(-SA

APPENDIX TÀBLE 31

P-SPC/gm

2.0 x 106

It
3.18 x l0'

,t

1.39 x 10'

)4.9 x 10-

DAYS

STORAGE DAYS AT

6 DAYS

P-SPC/gm

3.0

6.4

5.7

< 30.

3' C

1O DAYS

108

104

5
10-

103

P-SPC/gm

2.0 x 109

1.86 x 105

6.6 x 105

<30. x 103

20 DAYS

P-SPC/gm

3.0 * t010

1.0 x 105

1.15 x tOB

<30. x 105

ts
o\
co



A?PIiNDIX TABI,E 32

Tll[ EFFECT 0F POTASSIUM SORtsATE, DISODILIì.Í EDTA, AND Ti{EIR C0l'f]lIl.lATI0l.l

ON TH]l VIABLE PENICILLIN RIS].STAI'IT PSYC}IROTROP}IIC BACTER.]A

TREATI'IIINTS

Gji(l5min)

'kIaI 2

COIìTROLS

I(-SA

EDTA

EDTA/ K_SA

O DAYS

P-SPC/gm

8.0

2.5

5. 15

t.27

STORAGE DAYS

6 DAYS

105

104

104

a
t0'

P-SPC/gm

5.0 * l0B

lti.35 x 10'

4.2 x 105

1.15 x 104

AT 3' c

iO DAYS

P-SPC/gm

2.0 x 109

tt
1.75 x 10'

1.31 x 106

5.c x I02

20 DAYS

p-SpC/gm

3.0

1.0

3.0

o(

1010

r05

106

107

H
Ot
\o



TAi]LE

NUMBER

T]IN EFFECT oF POTASSIUM SORBATE, DIS0DIUI"I EDTA, A}ID THEIR

COMBINATION ON THE VIABLE PSYCHROTROP}IIC BACTERIA

7

8&

LIiVELS OF

907.

10 &

t2

13

I4

9

il

APPENDIX TABLE 33

I. BB6

1.886

1.886

1.638

1.638

1.638

SIGNIFICANCE

9s7"

2.920

2.920

2.920

2.353

2.353

2,353

T (TEST STATISTIC)

2.865

3.7 4L

2.265

2.839

3.24t

2.457

LBVEL OF SIGT]IFICANCE

90 - 957:

> 957"

90 - 957

9sz

952

9s7.

ts{
O



APPENDIX TABLE 34

TIIIi EFFECT OF POTASSIUM SORBATE AT VARYI}IG EXPOSURE TIMES OI{ THE VIABLE PSYCIIROTROPI.]IC BACTERIA

SOURCE OF VARIATION

TRIiATMENTS

ERROR

TOTALS i5 52.057T8

Data 1s from Appendlx Tables 15 and 16.

F values * significant
:kf: ys¡y significant

ANOVA

DEGREES OF FREEDOIVI SUM OF SQUARES

J

t2

40. i04r0

1 1. 1s306

MEA}I SQUARES F -VALUE

L3 .6347

0.9291+23

ll¡. $/QQJS ,t*

F = 5.95cr

ts\¡
F



APPEND]X TABLE 35

THE EFFECT OF DISODIIIM EDTA AT VARYI}IG EPOSURE TIMES ON T}IE VIABLE PSYCHROTROPHIC BACTERIA

SOURCE OIl VARIATION

TREATI'IENTS

ERRORS

TOTAL

ANOVA

DEGREES OF FREEDOM SUM OF SQUARES

Data is from Appendíx Table 17.

J

t2

l5

7.53587

27.23979

34 .77 5669638

}4EAN SQUARES

2.51195

2.269983

F VALUE

r . 1065977

P\¡
N



APPENDIX TABLE 36

Tt'tE EFFECT 0F POTASSIUM SORBATE, DISODIUÌ'1 EDTA, AND THEIR

CO}IBINATION ON THE VIABLE PSYCHROTROPFIIC BACTERIA

SOURCE OF VARIATION

TREATMENTS

ERROR

TOTAL 15 54.44598

Data ls from Appendix Tables 18 and 19,

F values ,k signif icant
*)k very signifl-cant

ANOVA

DEGREES OF FREEDOM SIJM OF SQUARES

J

L2

33.12655

2I .3r944

MEAN SQUARES

11 . 04218

r ,77 662

F VAIUE

6 .2153r<r.

H\¡(,



SOURCE OF VARIATION

THE EFFECT OF POTASSIIJM SORBATE, DISODII]M EDTA, AND THEIR

COMBINATION ON TIIE VIABLE PSYCHROTROPITIC BACTERIA

TREATMETITS

ERROR

APPENDIX TABLE 37

Data is from Appendíx Tables 20 and 21.

F values * signifícant
/crc vs¡y signif icant

AT'IOVA

DEGREBS OF FREEDOM

TOTAL i5 20.t096

72

SUM OF EQUARES

s4 .95253

34.84284

I4EAN SQUARES

TI.6L42B

i.67581

F VALUE

$. ÇIQJS:t*r

ts{
rÞ



SOURCE OF VARIATION

APPENDIX TABLE 3B

THE EFFECT OF POTASSIUM SORBATE, DISODII]M EDTA, AND THEIR

COMBINATION ON TI]E VIABLE PSYC}IROTROPHIC BACTERIA

TREATMENTS

ERROR

TOTAL

Data is from Appendíx Tables 22 and 23.

F values * signíficant
r<rk vsry significant

ANOVA

DEGREES OF FREEDOM SUM OF SQUARES

3

L2

l5

63.7 4404

38 .4077 4

25.3863

MEAN SQUARES

r 2 . 80258

2.rr5525

F VALUE

6.05172)r?r

H\¡
(Jt



SOURCE OF VARIATION

THE EFFECT OF

ON THE VIABLE

TREATMENTS

ERROR

TOTAL

APPENDIX

POTASSIUM

PENICILLIN

Data is fromAppendíx Tables 24 and 25.

F values :t/c yg¡y significant

ANOVA

DEGREES OF FREEDOM SIIM OF SQUARES

TABLE 39

SORBATE AT

RESISTANT

J

T2

VARYING EXPOSURE TIMES

PSYC}IROTROPIiIC BACTERIA

15

33 . 38382 9

17.66069

5L .04452

MEAN SQUARES

Lr . 12994

t.47172

F VALUE

7. 561 16*t

H{
Or



. APPENDIX TABLE 40

THE EFFECT OF DISODITJM EDTA AT VARYII,JG EXPOSIJRE TIMES ON THE

VIABLE PENICILLTN RESISTANT PSYCHROTROPHIC BACTERIA

SOURCE OF VARIATION

TR]JATI"1ENTS

ERROR

TOTAL

Data ls from AppendÍx Table 26

ANOVA

DEGREES 0I lREEDOl'f SUM 0F SQUARES

3

L2

15

4.167974

36.357185

40.52516

MEAN SQUARES

1 . 38931 3

3,0247 6s

F VALUE

0. 758555

H\¡{



APPENDIX TABLE 4I

THE EFFECT 0F POTASSTUM SORBATE, DTSODTUM EDTA, AND THErR COÌÍBrNATION

ON TLiE VIABLE PENICILLIN RESISTANT PSYCHROTROPHIC BACTERIA

SOURCE OF VARIATION

TREATMENTS

ERROR

Data is from Appendix Tables 27 and 28

F values :'<* ysry signif icant

ANOVA

DEGREES OF TREEDOM SUM OF SQUARES

J

T2

43.41689

26.91645

MEAN SQUARES

L4 . 47 230

2.24303

F VALUE

6 .452L2t<t(

ts
-J
@



APPENDIX TABLE 42

THB EFFECT OF POTASSIIIM SORBATE, DISODIUI.Í EDTA, AND TIIEIR COMBINATIO}I

ON TIIE VIABLE PENICILLIN RESISTANT PSYCHROTROPHIC BACTERIA

SOURCE OF VARIATION

TREATMENTS

ERROR

Data ls frorn Appendix Tables 29 and 30.

F values :krc ys¡y significant

DEGREES OF FREEDOM

3

L2

ANOVA

SUM OF SQUARES

46 .7 97 r43

28.94r3r

MEAN SQUARES

15.5990s

2.4It7B

F VALUE

6.467 87'i,r,

ts
\t
\o



APPEI'IDIX TABLE 43

TII]1 IIFFECT OF POTASSIIJI{ SORBATE, DISODIUM

OI.I TIIE VIABLE PENICILLIN RESISTAI.IT

SOURCE OF VARIATION

TREATMENTS

ERROR

Data is from Appendix Tables 3l and 32.

F values :t¡k very signif icant

ANOVA

DEGREES 0F FREEDOìÍ Stnf 0F SQUARES

3

t2

EDTA, AND THEIR COMBINAT]ON

PSYCIIROTR.OPIlTC BACTERIA

45 .2L7 04

32 .13r65

}frAN SQUARES

ts .07 236

2.677 64

VALUE

5.62899r,r,

ts
@
O



TREATMENTS

4Z EDTA Na^/ 5 min
¿

Trlal 1

CONTROLS

TRIATMENTS

TríaL 2

CONTROLS

TREAT}ÍENTS

APPENDIX TABLE 44

TIIE EFFECT OF EDTA ON ODOUR RATINGS

STORAGE

O DAYS 3

ODOUR MTINGS ( g TNDEPENDENT JUDGES )

DAYS AT 3

DAYS 6 DAYS

00

00

000

001

000

000

000

10 DAYS

222

000

2i0

11

00

20 DAYS

333

2r3

444

444

i1t

JJJ

444

333

H
@
F



TREATMENTS

(42 EDTA Na.Cal 5 min )¿

Trial I

CONTROLS

TREATMENTS

TríaI 2

CONTROLS

TREATMENTS

APPENDIX TABLE 45

THB EFFECT OF EDTA ON ODOUR RAT]NGS

O DAYS

STORAGE DAYS

3 DAYS

ODOUR RATINGS

000

000

AT 3' C

DAYS 10 DAYS

000

000

000

000

( g INDEPENDENT JUDGES )

t20

000

111

000

1rl
111

342

111

20 DAYS

444

222

444

333

4¿¡4

444

H
@
N



TREAT¡4ENTS

( 9Z I(-sA/ 5 mtn ¡

Trial I
CONTROLS

TREATMENTS

Trial 2

CONTROLS

TREATI'{EI'ITS

Trial 3

CONTROLS

TRUATMENTS

APPENDIX TABLE 46

TIÌE EFFECT OF POTASSIUM SORBATE ON ODOUR RATINGS

O DAYS

STORAGE DAYS AT 3' C

3 Dri,YS 6 DAYS 10 DAYS Z0 DAYS

000

000

000

000

000

000

ODOUR RATINGS ( g INDEPENDENT JUDGES )

111

000

000

000

111

000

2t3

000

r11

000

lli

000

444

000

L+¿+4

111

J¿+ J

i01

444

120

444

T2I

444

010

H
@
UJ



A?PEI{DIX TA]]LE 47

TllE IIIFECT OF POTASSIUM SORBATE IN CO},IBINATION I,IITII DISODIUM EDTA ON ODOUR RATINGS

TREATMENTS

( 9Z K-SA + 4',I EDTA

Trial I

CONTROLS

TREATMEI'ITS

TriaL 2

CONTROLS

TREAT},IENTS

Trial 3

CONTROLS

TrìüATr4iiNTS

Nar)

DAYS

STORAGE

3 DAYS

000

000

ODOUR RATTNGS

DAYS AT

6 DAYS

000

000

111

000

3' C

1O DAYS

( g INDEPENDENT JUDGES )

000

000

111

000

111

000

000

000

r20
000

444

232

20 DAYS

11i

000

4t¡4

i11

444

000

L+ L+ L+

11i

444

TL2

444

lIl

H
co
È



APPENDIX TABLE 48

THE EFFECT OF POTASSIT]M SORBATE AT VARYING EXPOSURE TII'IES ON ODOUR RAT]NGS

TREATMENTS

( BZ K-sA)

Trlal I

CONTROLS

3 mín

5 mln

7 min

O DAYS

STORAGE

DAYS

000

000

000

000

ODOUR RATINGS

DAYS AT

6 DAYS

T2I

0i0

t02

0i0

3' C

1O DAYS

( g INDEPENDENT JUDGES )

343

111

2L3

111

444

111

r20

000

20 DAYS

4

0

0

44#

11

i1

00r

ts
co
(Jl



APPENDIX TABLE I¡9

THE EFFECT OF POTASSIUM SORBATE AT VARYING EXPOSURE TIMES ON ODOUR RATINGS

TREATMENTS

( BZ K-sA )

Trial 2

CONTROLS

3 min

5 mín

7 min

O DAYS

STORAGE DAYS

3 DAYS 6

000

000

000

000

ODOUR RATINGS

AT 3.

DAYS

222

111

011

100

( 3 TNDEPEI"IDENT JUDGES )

1O DAYS

444
r2t
111

110

444

Lt2

110

111

20 DAYS

444#.-+.

001

011

100

H
æ
('r



APPENDIX TABLE 5O

TIIE EFFECT OF DISODIUM EDTA AT VARYING EXPOSURE TII4ES ON ODOUR RATINGS

TREATMENTS

( BZ EDTA Na, )

CONTROLS

3 mln

5 min

7 mln

O DAYS

STORAGE DAYS

3 DAYS

000

000

000

000

ODOUR RATINGS

212

010

000

010

AT 3'

6 DAYS

( ¡ INDEPENDENT JUDGES )

443

011

010

110

iO DAYS

444 444

I72 222

lii i32
lil I22

20 DAYS

ts
@{



APPENDIX TABLE 5I

THE EFFECT OF POTASSIIIM SORtsATE, DISODIUM EDTA, AND THEIR COMBINATION ON ODOUR RATINGS

TREATMENTS

(6%l5min)

Trial I

CONTROLS

K-SA

EDTA

EDTA/ K-SA

l.+ This rating went far over the 4 point rating scale.

O DAYS

STORAGE DAYS

3 DAYS

00

00

00

00

ODOUR RATINGS

1

0

0

0

^n 
,'ötJ

6 DAYS

101

000

000

001

( 3 INDEPENDENT JUDGES )

iO DAYS

tr2

000

000

111

20 DAYS

444

01I

000

000

444#

110

r32

200

H
co
co



APPENDIX TABLE 52

THE EI-FECT 0F POTASSTUM SORBATE, DrSoDmM EDTA, AND THErR COMBINATTOI{ 0N 0D0UR RATTNGS

TREATMENTS

(67. l5min)
Trial 2

CONTROLS

K_SA

EDTA

EDTA/ K-SA

STORAGE

O DAYS 3

# This rating \^rent far over the 4 point rating scale.

DAYS

DAYS

000

000

000

000

ODOIJR RATINGS

AT J

6 DAYS TO DAYS 20 DAYS

010

000

000

000

( ¡ INDEPENDENT JUDGES )

211

001

000

000

444

101

000

223

44

20

10

20

4#

0

0

0

H
co
\o



APPENDTX TABLE 53

THE BFFECT OF POTASSIUM SORBATE, DISODIUM EDTA, AND THEIR CO¡1BINATION ON ODOUR RATINGS

TREATMNNTS

(8%l5min)
Trial I

CONTROLS

K-SA

EDTA

EDTA/ K-SA

STORAGE DAYS

DAYS 3 DAYS

This rating r^rent far over the 4 poínt rating scal-e.

001

000

000

000

ODOUR RAT]NGS

AT 3' C

6 DAYS

101

000

000

001

( g INDEPENDENT JUDGES )

IO DAYS

IT2

000

000

011

20

444

011

000

000

DAYS

4 4 41-++

100

032

113

ts
\o
O



APPBNDIX TABLE 54

TIIE EFFECT OF POTASSIUM SORBATE, DTSODIIJ}Í EDTA, AND THEIR COMBINATION ON ODOUR RATINGS

TRIIATMENTS

(87"/5min)
Tri.al 2

CONTROLS

K_SA

EDTA

EDTA/ I(-SA

STORAGE DAYS

O DAYS 3 DAYS

# This rating went far over the 4 point rating scale.

000

000

000

000

ODOIIR RATTNGS

AT

6 DAYS 10 DAYS 20 DAYS

010

010

010

000

3' c

( g INDEPENDENT JUDGES )

2r1
010

111

010

444

011

r23

101

44

10

00

10

4#

U

0

0

F
\o
ts



APPENDIX TABLE 55

TI]E EFFECT OI- POTASSIUM SORBATE, DISODIINÍ EDTA, AND THEIR COMBINATION ON ODOUR RATINGS

TREAT}{ENTS

(Lo%l5mín)
Trial I

CONTROLS

K-SA

IiDTA

EDTA/ K-SA

STORAGE DAYS

DAYS 3 DAYS

This ratíng \uent far over the 4 point rat.ing scale.

000

000

000

000

ODOUR

AT

RATINGS

3' C

DAYS

010

100

000

000

( ¡ INDEPENDENT JUDGES )

1O DAYS

2r1

110

000

000

444

111

232

110

20 DAYS

444#

2r0

202

100

ts
\o
N)



APPENDTX TABLE 56

T}IE EFFECT OF POTASSII]M SORBATE, DISODTIJM EDTA, AND TIIEIR COMBINATION ON ODOUR RATINGS

TREATì,IENTS

(I0Zl5min)
Trlal 2

CONTROLS

K-SA

EDTA

EDTA/ K_SA

STORAGE DAYS

DAYS 3 DAYS

# This rating went far over the 4 point raËing scale.

ODOUR RATINGS ( ¡ TNDEPENDENT JUDGES )

000

000

000

000

AT 3. C

6 DAYS 10 DAYS

0

i

0

0

10

00

00

00

2t7

110

000

000

20

444

r11

232

110

DAYS

44

2L

20

r0

4#

0

2

0

ts
\o
UJ


