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Summa ry 

This thesis deals with composition, spoilage, safety and preservation oflightly saltedlumpfish roe. 

Stored heavily salted lumpfish roe is the raw material for production. The roe is desalted to obtain 

a salt concentration of around 4 % WPS, and the pH is adjusted to 5.4 (0.1 % w/w lactic acid). The 

product is vacuum packed and stored at 5°C, at which temperature a shelf life ofthree months 

should be obtained. Industrial production of salted lumpfish roe products is briefly described at the 

beginning of the thesis. 

Proximate composition, fatty acid composition, lipid hydrolysis and oxidation and composition of 

total and free amino acids of desalted lumpfish roe has been examined and compared to fresh roe. 

Lipid hydrolysis and oxidationwere shown to occur during storage ofheavily salted roe prior to 

production, influencing the overall quality ofthe final products. The analysis offree amino acids 

indicated, that autolyticalliberation of amino acids also take place during storage ofheavily salte d 

roe, increasing the total concentration and changing the composition of free amino acids. It was 

noted that the resulting concentrations ofindividual free amino acids varyamong newly produced 

. products. 

Spoilageofthe [mal roe products at 5°C was caused by bacterial activity. Spoilage as judged by 

odour, varied greatly among roe batches. Three situations re~ardiilg odour characteristics of roe 

(3.5 - 4.8 % WPS) occurred afterstorage: Non-spoiled roe, borderline roe (sour, marinated, rotten) 

and spoiled roe (sulphidy, cabbage-like, sour, rotten,greenlhay). 

Characterisation ofthe microflora (108 isolates) Qffive roe batches after three months of storage 

showed, that the microflora (> 5 log cfu/g) consisted ofLAB or LAB and Enterobacteriaceae. In 

some roe batches Vibrio spp. composed a minor part of the fl<;>ra. The composition of the LAB 

flora oflightly salted lumpfish roe covered a wide range of different LAB. The Ente~obacteriaceae 

flora was less variable, and the tentatively identified strains·belonged to/were closely related to 

three species: Serratia liquefaciens, Serratia plymuthica and MorganelIa morganii. Other 

Enterobacteriaceae were rarely detected. Growth ofEnterobacteriaceae occurred less frequently in 

products with salt concentration above 4 % WPS. 

Several potential chemical spoilage indicators were analysed in storage experiments. Volatile 

sulphur compounds were produced during storage oflightly salted lumpfish roe. Different profiles 

ofthe compounds (semi-quantitative) were obtained among stored roe batches, and seemed related 

to the degree of spoilage. The following compounds/groups of compounds were conch.lded to be 

without value as indicators of spoilage of the roe products: TMA, TVB, nucleotides and lactic, 

acetic, fonnic and propanoic acids. 

Spoilage potential ofpure cultures ofLAB, Enterobacteriaceae and Vibrio sp. (16 strains) was 

assessed in pasteurised roe products, and of three Enterobacteriaceae also in lightly salted roe 

made from sterile fresh roe. Effect on spoilage of inoculation of low numbers of MorganelIa 



morganii was examined in a normal roe product. It was conc1uded that MorganelIa morganii act 

as a spoilage organism by production ofvolatile sulphur compounds and probably also other 

volatile compounds. Serratia liquefaciens mayaiso contribute in spoilage, but the compound s 

responsibie for odours are yet to be identified. LAB is judged as less important in spoilage ' 

,_:~~~~reactions. Vet their role need furth~r=-inves!igation, inc1uding their possibl~=!nteraction with the 

Enterobacteriaceae. 

Potential health hazards oflightly saltedlumpfish roe have been'evaluated on the basis ofdata 

from the literature: Clostridium botulinum, Listeria monocytogenes, Vibrio spp., Aeromonas spp., 

E. coli, Salmonella spp., Yersinia enterocolitica, Staphylococcus aureus, viruses, parasites and 

biogene amines. It was conc1uded that during storage at 5°C, additional hurdles is not required to 

control these hazards, except for Listeria monocytogenes. It was shown in inoculation 

experiments, that Listeria monocytogenes « l log cfu/g) grew to high numbers (> 7 log cfu/g) in 

lightly salted lumpfish roe withih the finit months of storage. 

Thus in preservation Enterobacteriaceae and Listeria monocytogenes were the primary targets of 

--- ... inhibition:-As·thefirst-option;-the-prospects-was-studied-of-biopreservation-of-lightly-salted-- -­

lumpfish roe using live cultures ofLAB isolated from roe products, as this was a central wish in 

the industry at initiation ofthis project. For this purpose attempts have been made to isolate LAB 

from stored roe products. The screenings were carried out in roe agar at product relevant 

conditions. Among 43 LAB none produced inhibition zones against the Enterobacteriaceae. Yet 21 

LAB produced zones against Vibrio spp. The nature of Vibrio inhibition was not further examined, 

as these organisms were not considered important in spoilage. A LAB strain V6 origination from 

sugar salte d herring, previously reported to have antagonistic activity also against Gram-negative 

bacteria, was inoculated in lightly salted lumpfish roe. Only very weak influence on 

Enterobacteriaceae growth could be noted. It was conc1uded that prevention of spoilage by 

Enterobacteriaceae using LAB cultures did not offer good prospects. As Listeria monocytogenes 

failed togrow in the roe agar, a laboratorymedium was used instead. Among 31 LAB 8 produced 

inhibition zones. Three selected LAB were coinoculated withListeria monocytogenes in lightly 

salted roe. Significant inhibition of growth oftwo Listeria'monocytogenes only occurredby a LAB 

strain, not producing inhibition zones in laboratory medium:-The-perspeCtlves:in-biopreservation 

using LAB cultures in lumpfish roe products in general is discussed. 

Preservation using sodium lactate was tested as an alternative to biopreservation. Duringstorage 

for 116 days growthofEnterobacteriaceae inthe product was inhibited ($ 3.2 log cfu/g) by 2,8 % 
. (w/w) sodiumlactate. Growth of MorganelIa morganii and spoilage was prevented in a roe 

piodllCt inoculated with this orgairiSfll. Gtowthbf Listetia monocytogenes Was totallyinhibited by 

2.8 % sodium lactate « l log cfu/g). It is recommended to examine,whether other sufficiently 

effective combinations of salt concentration, pH and a lower sodium lactate concentration can be 

found, which are preferred in terms of sensory quality. 



Sammendrag 

Denne afhandling omhandler sammensætning, fordærv, sikkerhed og konservering af letsaltet 

stenbiderrogn. Den anvendte råvare er lagret højsaltet rogn, som udvandes til ca. 4 % salt i 

vandfasen, og pH sænkes til 5.4 (0.1 % (v/v) mælkesyre). Produktet er vakuumpakket og 

opbevares ved 5°C. Under disse betingelser ønskes en holdbarhed på minimum 3 måneder. 

Industriel produktion af saltede stenbiderrognprodukter beskrives kort i begyndelsen af 

afhandlingen. 

Udvandet stenbiderrogn er analyseret med hensyn til overordnet sammensætning, fedtsyresam­

mensætning, lipidhydrolyse og -oxidation og sammensætning af totale og frie aminosyrer .. 

Lipidhydrolyse og -oxidation fandt sted under lagring af høj saltet rogn, og påvirkede produktets 

kvalitet. Analyse af frie aminosyrer viste, at autolytisk frigørelse af aminosyrer også fandt sted 

under lagringen. Resulterende absolutte koncentrationer af frie aminosyrer i rognen varierede 

derfor mellem forskellige nyfremstillede produkter. 

Fordærv afletsaltet stenbiderrogn ved 5°C var forårsaget af bakteriel aktivitet. Graden affordærv . 

varierede stærkt mellem forskellige rognbatch. Der blev efter lagring af rogn (3.5 - 4.8 % salt i 

vandfasen) observeret 3 karakteristiske situationer: Rogn stort set uden bilugte, rogn nær kassation 

(sur, marineret, rådden lugt) og fordærvet rogn (svovlet, kålagtig, sur, rådden, grønlhøagtig lugt). 

Karakterisering af mikrofloraen (108 isolater) fra 5 rognbatch efter 3 måneders lagring viste, at 

mikrofloraen (> 5 log cfu/g) bestod af mælkesyrebakterier eller mælkesyrebakterier og Enterobac­

teriacea~. I nogle tilfælde udgjorde Vibrio spp. en mindre del af floraen. Mælkesyrebakteriefloraen 

fra rognprodukter dækkede et bredt spektrum afforskellige mælkesyrebakterier. Enterobac­

teriaceae-floraen var mindre variabel, og de tentativt identificerede isolater tilhørte/var nært 

beslægtede med 3 species: Serratia liquejaciens, Serratia plymuthica og MorganelIa morganii. 

Andre Enterobacteriaceae blev sjældent påvist. Vækst afEnterobacteriaceae forekom mindre ofte 

i rognprodukter med et saltindhold på over 4 % i vandfasen. 

I lagringsforsøg blev potentialet af flere kemiske fordærvelsesindikatorer undersøgt. Flygtige 

svovlforbindelser blev produceret i rognen under lagring. Forskellige profiler af svovlforbindelser 

blev påvist i· forskellige lagrede rognbatch, og var tilsyneladende relateret til graden af fordærv. De 

følgende kemiske indikatorer fandtes at være uanvendelige som mål for fordærv af letsaltet 

stenbiderrogn: Trimethylamin, total flygtig base, nukleotider, mælke-, eddike-, propan- og 

myresyre. 

Fordærvelsespotentialet af rene kulturer af mælkesyrebakterier, Enterobacteriaceae og Vibrio spp. 

(16 isolater) blev undersøgt i pasteuriseret letsaltet rogn, 3 Enterobacteriaceae desuden i letsaltet 

rogn fremstillet af steril fersk rogn. Indflydelsen på fordærv af MorganelIa morganii blev også 

undersøgt ved podning iet normalt rognprodukt. Det blev konkluderet, at MorganelIa morgan ii 

optræder som fordærvelsesorganisme i letsaltet stenbiderrogn og producerer flygtige 



svovlforbindelser samt sandsynligvis andre flygtige forbindelser. Det er sandsynligt, at Serratia 

liquefaeiens også medvirker til fordærv af produktet, men de ansvarlige flygtige forbindelser er 

ikke identificeret. Mælkesyrebakterierne vurderes af mindre betydning for fordærvet, men deres 

mulige indflydelse bør undersøges yderligere, herunder deres interaktion med Enterobacteriaceae-

-- floraen. __ 

Følgende potentielle sikkerhedsrisici ved letsaltet stenbiderrogn er vurderet på basis af litteratur­

data: Clostridium botulinum, Listeria monoeytogenes, Vibriospp., Aeromonas spp., E. eoli, 

Salmonella spp., Yersinia enteroeolitiea, Staphyloeoeeus aureus, virus, parasitter og biogene 

aminer. Det blev konkluderet at under lagring ved 5°C, er yderligere hurdles ikke påkrævede for at 

opnå kontrol med disse risici, med undtagelse af Listeria monoeytogenes. I podningsforsøg blev 

det påvist, at Listeria monocytogenes « 1 log cfu/g) kunne vokse til høje tal (> 710g cfu/g) 

indenfor den første _måneds lagring. 

Ved konservering af letsaltet stenbiderrogn skulle vækst af Enterobacteriaceae og Listeria 

monoeytogenes derfor primært forhindres. Som første prioritet blev mulighederne for 

biokonserveringafrognen med levende mælkesyrebakterier undersøgt, fordi-dette var et centralt 

ønske fra industrien ved den oprindelige igangsættelse af projektet. Til dette formål er det forsøgt 

at isolere egnede mælkesyrebakterier fra produkterne selv. Screeninger er udført i rognagar under 

produktrelevante betingelser. Blandt 43 mælkesyrebakterier fandtes ingen at producere hæmnings­

zoner overfor Enterobacteriaceae. Derimod blev Vibrio spp. hæmmet af 21 af disse mælkesyre­

bakterier. Denne hæmning blev ikke nærmere undersøgt, fordi V ibrio spp. ikke ansås for at være 

væsentlige fordærvelsesorganismer i produktet.-En mælkesyrebakterie V6 blev i stedet afprøvet! -

letsaltet stenbiderrogn. Stammen var oprindeligt isoleret fra sukkersaltet hakket sild og vist at 

besidde antagonisme overfor også gramnegative bakterier. I letsaltet stenbiderrogn kunne kun en 

ringe indflydelse på vækstafEnterobacteriaceae påvises._ Det blev konkluderet, at mulighederne 

ikke er gode for med mælkesyrebakteriekulturer at opnå hindring af fordærv forårsaget af 

Enterobacteriaceae. På grund af manglende vækst i rognagar blev antagonisme overfor Listeria 

monocytogenes undersøgt i et laboratoriesubstrat. Blandt31 mælkesyrebakterie,r fandtes 8 at 

producere hæmningszoner.Efter podning af 3 udvalgte stammer i rognproduktet sammen med 

Listeria monocytogenes,-blev tydeligt-reduceretvækstaf2 Listeriamonoeytogenesblev-kun-­

opnået med en mælkesyrebakterie, der ikke havde vist hæmningszoner i laboratoriesubstratet. 

Perspektiverne ved biokonservering med mælkesyrebakterier i saltede stenbiderrognprodukter 

, generelt diskuteredes. 

Som alternativ blev konservering med natriumlaktat undersøgt. I en lagringsperiode på 116 dage 

blev Vækst af Enterobacteria:ceae, hæmmet (~ 3:2 log cfu/ g) af 2. 8 % (v/v)-natriumlaktat i rognen. 

Vækst af MorganelIa morganii og fordærv blev forhindret i et rognprodukt pooet med denne, 

bakterie. Listeria monoeytogenes voksede ikke « 1 log cfu/g) i letsaltet stenbiderrogn med 2.8 % 

natriumlaktat. Det anbefales at undersøge hvorvidt andre ligeså effektive kombinationer af salt, 

pH og en lavere natriumlaktatkoncentration er at foretrække ud fra et sensorisk synspunkt. 
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Chapter 1. Introduetion 

1.1 Background 

There is a long tradi~ionin Denmark for the production of salted lumpfish roe products 

(caviar), the main part ofwhich is exported to both European and overseas countries. 

Since lumpfish with roe can be caught for only a short period of time in the spawning season, 

the roe is heavily salted and stored as long as necessary for maintaining a continuous 

production of caviar over the year. During production the roe is partly desalted by water 
addition and subsequent drainage. The products are preserved by the use of chemical 

preservatives (potassium sorbate, sodium benzoate) andlor pasteurisation. A wide range of 

products containing different combinations of salt concentration, preservation, colorants and 

flavour components were produced, when this project was initiated, and the product 

formulations had fundamentally beenunchanged for many years. This wide range was created 

by different traditions and legislation of the various importing countries, or wishes by specific 
customers. Dependingon the salt concentration and preservation method, shelf lives of up to 

oneyear is obtained atchill storage of the products produced today. 
The lumpfish roe products are used mainlyas decoration in different courses rather than 

consumed in larger amounts as a foodstuff of its own right. 

An increasing interest among consumers in more "natural" foods with less salt and less 

chemical preservation, has created a need to develop new types of lumpfish roe products. The 

industry wishes to produce a lightly salte d lumpfishroe product using a more "natural" type 

of preservation and low salt concentration. Compared to the existing products, the new 
product should be c10ser to the fresh roe regarding sensory quality, which should make it 

possibleto'market it for consumptionjn largeramounts. 

On this background the present industrial PhD. project was initiated in collaboration among a 

producer oflumpfish roe products (ABBA Seafood A/S), the Danish Institute ofFisheries 

Research, Department of Seafood Research of the Danish Ministry of F ood, Agriculture and 
FisheriesI) and The Royal Veterinaryand Agricultural Univers it y ofDenmark. In addition the 

Danish Academy of Technical Sciences gave financial support. 

The strategy was to study spoilage, shelf life and safety of a product without preservation 

except for salt (app. 4 % waterphase salt (WPS)) and lowered pH (5.4with lactic acid). If 

,additional preservation was necessary toensure a shelflife ofthree months, a preservation 

. method should be developed, preferably by theuse of live cultures ofLactic Acid Bacteria 

I) At that time: Technological Laboratory, Ministry ofFisheries 
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isolated from roe products. The organoleptic characteristics of the roe was not to be radically 

changed by the biopreserving cultuie like in a fermented product; instead the sens~ry effect of 

the culture were to be neutral or at least slight and positive, like marinated, if such could be 
discovereLL 

In addition the projectshould increase the knowledge onfactprs important to quality and 

deterioration, which c()uld b'e of general use in the produetion of salted lumpfish roe products. 

1.2 Definition of the lumpfish roe produet 

The type of product to be studied during the project was defined. This model product without 

preservation is throughout the thesis referred ~o as lightly salted lumpfish roe or just lightly 

saltedroe. The,product definition was: A non-pasteurised product without colorants, 

stabilisers and flavourings, that was to be produced from the normal raw material (i.e. heavily 
salted roe) using the existing processing equipment. The salt concentration should be around 

4 % WPS, and the pH adjusted to 5.4 with lactic acid (0.1 % w/w). The lightly salted roe 

~~-should-be~packed--under--partiat vacuum-'65~'"--75-%)jn~glassjars closedwith metal twist off 
caps, similar to the existlng products. A relatively short shelf life of three months (5°C) was 

estimated by the industry to be necessary for practical production and marketing. According 
to the Danish legislation such a product belongs to the group of "lightly preserved fish 

products" defined by containing les s than 6 % WPS and having a pH value higher than 5 

(Fiskeriministeriet 1993). 

1.3 Objectives and structure of the thesis and experimental work 

The first objective was to provide basic knowledge on chemical composition of the roe, and 

identify factors of importance to product quality and deterioration. This included the study of 

changes taking place during the long storage periodof the roe raw material at low temperature 

aild high salt concentrations, and the changes occurring within the shelf lifeperiod of the final 
,-~,product.Ifspoilage of the-productwas~concluded-to:be causedby -bacteriaLactivity, the 

spoilage bacteria responsibie were to be identified. Lastly the potential safety hazards of 

lightly salted lumpfish roe also were to be identified .. 
Based on this information, the second objective was to evaluate the possibilities of using 

Lactic Acid Bacteria, isolated from roe products, as preservativemeans directed against 

spoilage andpathogenic bacteria~ Other types of preservation were to be evaluated -if -, ---,­

necessary. Finally the effectiveness of the chosen preservation method~ against spoilage and 

pathogenic bacteria was to be verified during a storage period of three months. 
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This thesis is divided into two parts. The first part (chapter 2 - 8) discusses own experimental 

results in relation to relevant resuIts published by others. The second part named 

"Experimental section" is a detailed presentation of the experiments carried out during the 
project, either in the form ofmanuscripts for publication (papers 1- 3) or descriptions of 

experiments and detail ed results (notes l - 7) .. 

The experiments performed during the project are listed below: 

Composition, deterioratioil and safety 

• Fresh roe, heavily salted roe and desalted roe ready for production, were examined 

regarding chemical composition (Paper l, Note l). 

• Two storage experiments on lightly salted lumpfish roe with different salt levels were 

performed. Microbial and odour changes were studied, and flora composition was examined. 

Chemical changes were studied to search for spoilage indices. Sterile roe product and roe 
product with antimicrobial substances were included in order to reveal the significance of 

autolyticai changes in off-odour development (Paper 2 and 3, Note 3). 

~ To study tlieir spoilage potential, selected bacterial isolates were inoculated into pasteurised 
lightly salted roe. The ability of the isolates to produce off-odours and volatile sulphur 

compounds was examined. In a second experiment a few iSQlates were likewise studie d after 

inoculation into lightly salted roe made from fresh sterile roe (Paper 3). 

• The influence of pH and salt concentration on growth of selected Enterobacteriaceae 
isolates Was examined by absorbance measurements in roe extract at 5°C (Note 2). 

• The ability of Listeria monocytogenes to grow in lightly salted roe was examined in an 

experiment, where different strains originating from fish products were inoculated in low 
numbers into lightly salted lumpfish roe stored at 5° and lOoC (Note 4) . 

... Evaluation of preservation methods 

• Lactic Acid Bacteria were isolated in a storageexperiment using rep lica plate technique and 

well diffusion assays, both in roe agar. The targets of inhibition were potential spoilage 
organisms and a pathogenic bacterium (Note 5). 

• The effect of2.8 % sodium lactate on growth of selected Enterobacteriaceae isolates was 

studied by absorbance measurements during growth in roe extract at 5°C (Note 2). 

• The effect of selected roe lactic acid bacteria on growth of Listeria monocytogenes in lightly 
salted lumpfishroe was studied in a storage experiment at 5°C (Note 6) 

.• The effect oflactic acid bacteria originating from roe products or salte d herring and/or 2.8 
% sodium lactate on growth of Listeria monocytogenes or LAB and Enterobacteriaceae were 

studied in two storage experiments at 5°C. (Note 6). 

• The effect on off-odour development and growth of lactic acid bacteria, Enterobacteria and 
Listeria monocytogenes in lightly salted lumpfish roe preserved by the use of2.8 % sodium 

lactate was studied during storage at 5°C (Note 6). 
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• The perspectives in developing a fermented productwas examined in a storage experiment 

with lightly salted lumpfish roe addedglucose and a Lactic Acid Bacterium originating from 

salted herring. The effect on spoilage was examined (Note 6) . 
• The effect on quality of lightly salted lumpfish roe by sodium lactate or low pH (lactic acid 

addition) was examined by sensory evaluation (Note}J _. 

. . -.----. ---_ .. _-~_._-_._~---- -.'--.-.-- ------ .-- --- - -------- - ---- -_._--_._--- ---------_ .... -. 
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· Chapter 2. Industrial produetion of salted lumpfish roeproduets 

2.1 Introduetion 

In this chapter the process of converting fresh lumpfish roe into salte d lumpfish roe products 

is described. The initial stage of processing fresh roe is based on old traditions, and is largely 

dependent on practical conditions including the seasonal supply and long distances from the 

catching locations to production facilities. With this chapter it is intended to provid~ 

background information, before factors influencing composition, deteriorationand 

microflora of the roe produets are examined in the foIlowing chapter~. 

2.2 The lumpfish· and its distribution 

The fish has been given the name lumpfish due to the short, thick and blunt body (figure 

2.1), but the name "lumpsucker" is also used? due to the "sucker" under the side ofthe chest 

formed by a modification of the ventral fins. By means of this, the lumpfish can attach itself 

firmly to for example bottom stones. Weight proportions ofindividual body parts ofthe 
lumpfish are characterised by a low content of meat (25 %) and a large quantity of thick skin 

(18.5 %). The head accounts for 14 - 21 %. The roe reaches 35 % ofthe weight ofwhole 

fish. Large femaies wiIl produce around 140000 eggs, but in one case 279620 eggs have been 

reported (Cox 1920, Bykov 1983, Leim and Scott 1966). 

Figure 2.1 Lumpfish (Cyclopterus lumpus) (Co x 1920). 
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In the spawning season the fish approaches the coasts all around the North Atlantic, the 

North Sea and the bays of eastem Canada (the distribution is shown on the front page) to 

deposit their eggs in masses among rocks and seaweed (Cox 1920). On their way in, the fish 

are caught close to the shore during spring time. The exact season varies depending on 

geographic ~~~c~tio~, anj may differ slightly froIl!ye3:r to ye~ depending on the weather- __ 
conditions. The roe for production by ABBA Seafood A/S originates mainly from Norway, 

Iceland and Canada, but also Danish roe and smaU quantities of roe from Greenland is used. 

The Danish·seasonbegins in January/ February and the Canadian season lasts till the end of 

June. The Norwegian and Icelandie season falls in between these, and consequently the roe 

raw material for produetion can be harvested during aperiod of around five months. 

2.3 Industrial produetion of lumpfish roe produets 

ABBA Seafood A/S has a large production of lumpfish roe produets, and more than 1000 

tons a year areproduced. This equals around 35 % ofthe world's production ofpreserved 

---lumpfishroe -produets;-l'he-mainpart of the -produetion -is exported -to -other-European and­

overseas countries (ABBA Seafood AB, Goteborg, Sweden). 

2.3.1. Harvesting, salting and storage prior to produetion 

The eatching of lumpfish is an oceupation for a large number of loeal fishermen distributed 

at distant loeations along the coasts ofthe countries mentioned above. On board the boats or 

as the fish are brought in, the fish are cut open and the roe sacs removed (see figure 2.2). The 

roe is screened into loose eggs by passing it through a screen, the holes of which has the size 

of the eggs. The roe is left on a screen for draining for 15 - 20 hours, normally until the next 

day. Then the roe is dry salted by addition of crystalline s~lt and mixing. The salt 

eoncentration prescribed by the produetion companyis > 10 % (w/w). The roe is then filled 

into plastic barrels of 105 kg. Depending on the number of nets owned by a fisherman and 

depending on the weather conditions, it can take several days to fill a barTel. The barrels are 

left open, while thebrine-is-forming;-Itnecessarysaturated--NaCl-solution is added to make 

sure the roe is eovered, and the. barrel is sealed. Dirring the first weeks the barrels must be 

tumed over frequently to prevent clumping of eggs. After.salt addition the eggs tends to stick 

together, and loose eggs can be obtained bythis me~~anicalllction. It has been experienced 

in the industry, that salting also causes a hårdening of eggs, which is appreciated, as it 

reduees the loss due to crusliing of eggs. Hardening of rainbow trout eggs has also been -

reported after light salting (4 %) by Stodolnik et al. (1992). The hardness increased from 

46.5 g to 85.0 g, as measured by the stress needed to cnish a single egg. 
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Removal of 
whole roe sacs 

Desalting to 
4 - 9 % WPS . 

Figure 2.2 Processing of fresh lumpfish roe into salted, preserved caviar-type produets. 
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Several export companies are involved 'in the collection of roe and the export by boat to 

Sweden (during this project, the production was moved from Denmark to Sweden). The 

storage time/temperature at the catching location and at the export company is dependent on 

the practice of each export company. The screening and salting of roe is performed at very 

differenJ~c(md~tio~ regarding hygiep.e and d~_gr~e of m~chanisation. Thus several=-~~ctors not~ 
easily controlled, influence the'quality ofheavily salted roe delivered to the production 

factory. 

At the production factory the barrels are store d at +5°C (+3 - +7°C) until needed for 

production. In practice the roe used for production has norm ally been stored for a few 

months up to ayear, occasionally longer. 

When a delivery arrives, all barrels are opened and the appearance and odour examined by. 

laboratory personnel. In the case of off-odours, for example rancid, sour or rotten, the barrel 

is rejected. Saturated sodfum chloride solution is added to barrels, in which the roe is not 

completely covered with brine. Samples are taken from 5 % ofthe barrels for 

microbiological analysis and analysis of salt- concentration. If salt concentrations below 11 % 

(w/w) occur, additional salt is added to obtain a salt concentration in the range of 11 - 14 %. 

The heavily salted roe used for production has in general salt concentrations in the range of 

11 - 16 % (i.e. approximately 14 - 20 % WPS) The data from the analysis is also used to 

decide, whether future improvements should be requested from the deliverer. All barrels are 

sealed and placed in the cold storage. 

2.3.2. Processing of heavily salted roe into final roe produets 

The processing steps involved in the production are shown in figure 2.2. 

'During production, barrels of roe are tipped info containers and water is added. During this 

process the roe is desalted to the salt concentration, that is wanted in the final product. 

Products with a range of salt concentrations between 3.3 and 7.0 % (w/w) (i.e. approximately 

4 - 9 % in the waterphase) are produced today. 

After water addition the roe stands forequilibrationfor half an hour. The brine is suckedout 

and fresh water is added a number oftimes, dependingon the salt concentration wanted. 

Ralf an hour after the last water addition the salt concentration is controlled by direct 

titration with AgN03 solution of a brine sample. 

If additional water is needed for the salt concentration to be within the stipulated limits, 

bririe issucked out, aild water addedaccording to the internal standard. 

In practfc'e the'actuitl' salt concentrations of luiripfish roe products vary, wheri adjusted by" 

this method. For example five barrels of heavily salted roe were in this project desalted to 
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obtain 3.3 % w/w salt. When analysed after desalting, the salt concentration ofthe five 

batches were 2.7, 2.8, 2.8, 2.9, 2.9 and 3.3 % w/w (3.6 - 4.2% WPS, data are shown in paper 
2, batch 1 to 5). 

If a coloured product (black or red colours) is produced, the colouring is added when the 

correct salt concentration is obtained, and the roe is allowed to stand again. The brine is 

drained from the roe through a screen lid (centrifugation using specially designed 

equipment). 

The last step before packaging is addition of a mixture in water of stabilisers, preservatives, 

acids and flavour components. A number of different mixtures are used depending on the 
specific product, the legislation of the country for which it is produced and the wishes of the 

customer regarding water content and flavour. After thorough mixing the roe product is 

ready for packaging and is kept at 2°C, if a packaging line is not immediately free. The roe is 

filled into glass jars (usually 100 g for retail and larger glass jars for catering). Before 

mounting the lid (metal twist off caps), the 100 g glass j ars pas s under a steam jet, and when 

the jars are closed, a vacuum of 65 ,. 75 % has been obtained. 
Some products are then pasteurised by passing through showering hot water (76°C). A 

temperature of 70°C for 15 minutes is obtained in the centre. All glasses are labelled and 
packed and placed in a 5°C storage room until delivery shortly after. 

The prescribed storagetemperature for the final products after delivery are in the range of 4 -

8°C, and depending on the type of preservation (chemical preservatives and/or 

. pasteurisation) and the salt concentration, commercial shelflives in the range of 6 - 12 

months are guaranteed. 
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Chapter 3. Chemical characteristics of lumpfish roe - com position 
and changes during processing 

3.1~Introduction . 

Chemical characteristicsof the eggs/roe of the lumpfish have not been much studied. Data 

on proximate composition and composition oftotal amino acids of commercial caviar-type 

products, and fatty acidcomposition offresh lumpfish roe have however been reported 

(Cantoni et al. 1975, Rehbein 1985). Data on lipid content offinal products and heavily 

salte d roe, as well as certain changes occurring during storage ofboth, are available from 

earlier investigations in this laboratory (Hus s et aL 1984). In this chapter characteristics of 

-the lumpfishegg are briefly described (section 3.2), and own data on proximate composition 

offresh, heavily salted and lightly salted roe are presented (section 3.3). AIso composition of 

fatty acids, total andfree amino acids and measures of lipid hydrolysis and oxidation have 

been examined in a range of commercial barrels ofroe after desalting (sections 3.4 'and 3.5). 

Bycomparison-to--fresh roe-examined-theCsameway;-indications-on-changes-taking-place­

duringprocessing ofthe roe are obtained. The fresh roeexaminedincluded screenedroeof 

five lumpfish analysedseparately. The fish were landedon the same day in Copenhagen, and 

kiIled right before sampling. The lightly salted roe included ten barrels originating from 

Canada, that had been stored at the production factory for 8 months at +5°C. The barrels 

were desalted to a levelof 3 - 6 % w/w salt, by the normal desalting procedure described in 

section 2.3.1 (salt concentrations are shown in table 3 ofnote 1). Thus apart from pH 

adjustment the roe equaIled newly produced products, with the chemical constituents that 

characterises the roe, as the shelf life begins. 

3~2 Tbe fisb egg 

3.2.1 Structure and colour 

In the two ovaries of each fish, the eggs are protected by an envelope of epithelial 

membrane, within which t~e eggs are embedded in connective tissue. When the eggs are 

separated from the ovarie s by passing through a screen (see chapter 2), the epithelium and 

connective tissue is broken (Zaitsev 1969). 

The lumpfish egg, that was first described and figured by Cunningham (1887), is surrounded 

by a soft shell (double layer egg membrane named chorion or cortex, ø 45 - 63 !lm). The 

membrane is permeated by fine pore canals _and slightly thickened at one spot to form the 
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micropyle, that come into use during fertilisation. Inside the shell theyolk forms the greater 

part ofthe egg, and is surrounded by a thin layer of cytoplasm (periblast) .. The egg contains a 

large number of oil globules. The yolk completely fills the available space, and contains the 
nutrients for larval development. The eggs are spherical, and the size has been reported in 

the range of2.2 - 2~6 mm in diameter (Cunningham 1887, Devillers 1961, Ehrenbaum 1904, 
Russell 1976a and 1976b). 

The eggs have by different authors been described as bluish-red, red,.pale red, pinkish, 

yellow, paIe green or nearly white (Cox 1920, Cunningham 1887, Leim and Scott 1966, 

RusselI 1976b). Mikulin et al. (1918) examined the pigmentation oflumpfish eggs, and 

reported that the colour of eggs obtained from different femaies ranged from practically 

colourless over yellow-orange to purple violet; the depth of coloration also varied 

considerably. The authors concluded, that the colour of lumpfish eggs, in all its diversity, 

was govemed by different combinations of a whole series of pigments both of a carotenoid 

and non-carotenoid nature. Carotenoids were present in free form in the plasma part and in 

the oil drops, while in the yolk carotenoids had formed complexes with protein. The nature 
of the non-carotenoid colouring matter was not established. 

3.2.2 Antimicrobial activity . 

Some studies have been published on possibie mechanisms of self-protection by fish eggs 

against microorganisms. Kudo and Inoue (1986) examined the effect on growth of bacteria 

(Aeromonas hydrophila, Vibrio anguillarum, and Escherichiacoli) by extracts from eggs of 

rainbow trout (Salmo gairdneri). Thebacteria were incubated with extracts ofthe outermost 

layer of fertilisation envelope (FE) from fertilised eggs and the outermost layer of vitelline 

envelope (VE) from unfertilised eggs. FE extracts were shown to have a bactericidal effect 

on Aeromonas hydrophila (decreasing survival rate with increasing incubation time) but no 

. effect on the other two organisms. The VE extracts had no effect on growth of the bacteria. 

Structural changes were shown to occur during the formation proces s ofthe fertilisation. 
envelope after fertilisation of the egg, and the outermost layers of fertilised and unfertilised 

eggs differed from one another. It was suggested that the demonstrated effect contributed to 

protectlon of the egg in the period of time from fertilisation till hatching, but apparently not 
. in the (shorter) time from ovulation till fertilisation. Similarly the same authors reported a . 

strong bactericidal effect on Vibrio anguillarum (not on Aeromonas hydrophila and E. coli) 

of FE-estracts from the fish Cyprinus carpio and Plecoglossus altivelis; no effect was 
observed by the VE-extracts ofthe same fish (Kudo and Inoue 1989). Ina later study Kudo 

(1992) reported that FE extracts from rainbowtrouthad an antifungal or fungicidal effect on 

Saprolegnia parasitica (no effect ofVE) and that several enzymes may contribute to the 

effect; those induded a protease and (low activity) lysozyme. 

11 



Chemical characteristics of lumpfish roe. Chapter 3. 

In another study of eggs from the fish Tribolodon hakon ens is Kudo et aL (1988) 

demonstrated peroxidase activity in both VE's and FE's. Both had a bactericidal effect on 

the three bacterial species mentioned above, when· combined with NaI and H20 2. 

The authors suggested, that the peroxidase may contribute to the defence against microbial 

.infection~~and discussed how endogen01l:s H;202~is supplied to exert a bac!~Bcidale@ct. 
Thus the exact mechanism and the significance of such a defence is yet to be clarified. 

It is not known whether any antimicrobial activities are present in lumpfish eggs, and it has 

not been studied in the present project, whether such activities can beretained during 

processing and storage. 

3.3 Proximate composition 

Fresh roe 

Proximate composition has in the presentproject been examined in portions of screened 

fresh roe landed at two locations in Canada (5 kg portions of a mixture of roe from several 

fish landedon the same day) and-one -location-in-:Denmark-( roes- from- fivefish-Ianded-on-the . 

same day).lvloisture and especially protein content varied'among the roes offive individual 

fish (table 2 ofpaper 1, detailed data in table 1 ofnote 1). The following proximate 

composition of fresh roe expressed as mean values of the three catches mentioned above, 

was obtained: 

Moisture: .79.2 % w/w 

Crude protein: (N x 6.25): 15.5 % w/w 

Lipid: 5.8 % w/w 

Ash: 1.1 % w/w 

The moisture content is ratherhigh compared to roe -ofboth sturgeons (51.5 - 55 %, Zaitsev 

et al. 1969), rainbow trout (63.1 %, Vuorela et aL 1979) and chum salmon (57.6 %, Iwasaki 

arid Harada 1985), also traditionally used for production of salted caviar-type produets. 

Vuorelaet aL (1979}examinedtheptoximate compo·sition·ofroe from lOrainbow trout-­

(Salmo gairdneri) landed during a four months season, and reported a pronounced variation 

amongindividual fish, inc1uding fish landed on the same day. Variation was observed in 

both crudeprotein (26.1 -·32.6 %), lipid (7.1 - 9.7 %) and moisture (57.8 - 63.7 %) content. 

Kaitaranta (1980) reported, that nosystematic infl uence· by the year ofcatch occurred on the 

lipid content ofwhitefish (Coregdnus a/bula) toe (9.1- 11.4 %). Thus proximate- ---.-: -.­

compositionof fresh roe varies among individual fish, but not as the result of any sysiematic 

influence by catching year or time in the season. The variation isto some extend equalised 
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during processing, as roe from a varying number of fish is mixed during screening, salting 

and desalting. 

Heavily and lightly salted roe 

Proximate composition of six barrels ofheavily salted roe from two catching seasons (three 

barrels stored for two months and three barrels store d for one year at +5°C) was at a similar 
. . 

level as in the fresh roe. Moisture content was in the range of75.8 - 77.8 %, crude protein in 

the range of 14.4 - 16.8 % and lipid in the range of 4.7 - 5.7 %, when calculated as % ofroe 
withno extra salt (0.9 % salt) (based on data shown in note l). During desalting ofroe'stored 

for two months, moisture content increased slightly (80.2- 82.3 %) (table 2 ofpaper l, 
detailed data in table l of note l). 

3.4 Lipids 

3A.I Fatty acid com position 

Fresh roe 

Fatty acid composition offresh roe.offive lumpfish was determined (paper l). The roe lipids 
were highly unsaturated' with a calculated iodine value of 248 ± 2.1. An iodine value of 210 

has been calculated for whitefish (Coregonus alhula) roe lipids, which was higher than for 
the flesh (194) ofthe same fish (Kaitaranta 1980). 

In the fresh lumpfish roe 27 fatty acids were identified. The composition of fatty acids is 

shown in figure 3.1. Around half the amount of fatty acids were n~3 fatty acids. Four fatty 
acids completely dominated, composing around three quarters of total fatty acids: Palmitic 

acid (16:0) 14.4 ± 0.46 %, oleic acid (18: l (n-9)) 15.9 ± 0.86 %, eicosapentaenoic acid 

(20:5(n-3)) 17.4 ± 0.75 % and docosahexaenoic acid (22:6(n-3)) 25.8 ± 0.64 %. Three fatty 

acids were present at concentrations around 3 % oftotal fatty acids (18:0, 18: l (n-7) and 

20: l (n-9)), while concentrations ofall the remaining20 fatty acids were below 2 %, for the 

majority even below l % of fatty acids. Among 5 % of fatty acids, that remained 

unidentified, no single acid was present at concentrations above l % oftotal fatty acids 

(pap er l, detailed data are shown in note l). 
Cantoni et al. (1975) examined the fatty acid composition of fresh lumpfish roe. Direct 

. comparison to the data obtained in this project is difficult, as the range of identified fatty 

acids present at low concentrations is not identical, and the grouping of acids differs. 
However dominance by the same four fatty acids as listed ab ove , was reported by Cantoni et 

al. (68.6 %). The concentration of 18:1 was slightly higher and of20:5 and 22:6 slightly 
lower than found in this project. . 
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Figure 3.1 Fatty acid composition (mean values and range) offresh roe offivelumpfish 
(data from table 3 ofpaper l, detailed data in table 2 ofnote l). 
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In cod (Gadus morhua) roe lipids, domination ofthe same fatty acids as in lumpfish roe 

lipids, has been reported, only two other acids exceeded 2 % (Ackman and Burgher 1964). In 

whitefish roe the four acids were also shown to compose ,a major part. The domination was 

however less extreme (around halfthe total fatty acids), and five otheracids were present at 

concentrations around 5 % (Kaitaranta 1980). Tocher and Sargent (1984) examined the roe 

lipids ofseven Northwest European marine fish, (cod (Gadus morhua),.herring (Clupea 

harengus), haddock (Melanogrammus aeglefinus), saithe (Pollachius virens), whiting 

(Merlangus merlangus), sand eel (Ammodytes lancea) andcapelin (Mallotus villosus)), and 

found the four fatty acids to compose in the range of62 - 77 % of total fatty acids. 

Lightly salte d roe , 

Fatty acid composition of ten barrels of heavily salted roe was similar to the fatty acid 

composition of fresh roe reported in the previous section. Only slight differences were ' 

observed, _and the iodine valuewas_ similar(248 ±2,6)Jo thatøffn~shJ"Qe_{~ble3_p~peJ_ J, 
detailed data in table 2 of note l). 

3.4.2 Lipid hydrolysis and ~xidation 

Though not revealed from theanalysis of fatty acid composition, changes in theJipid 
. ~ .. 

fraction had occurred in the lightly salted roe compared to the freshroe. As measures ,of lipid 

hydrolysis and oxidation, free fatty acids (FFA), peroxide value (PV) and thiobarbituric acid 
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value (TBA-value) were analyse d ofthe ten stored, desalted barrels ofroe. The results are 

shown in figure 3.2. 

The concentration ofFFA in fresh lumpfish roe were in the range of2.5 - 4.3 % oflipid 

(paper 1). FF A concentrations of several other fish roes have all been reported in the range of 
2 - 7 % oflipid: Rainbow trout (Saima gairdneri) and whitefish (Coregonus alhula) 

(Kaitaranta 1982), perch (Percafluviatilis).(Linko et al. 1980) and Baltic herring (Clupea 

harengus) (Linko et al. 1979). 

In lightly salted lumpfish roe an increased level ofFFA in the range of 4.8 - 10.8 % was 

detected. Thus lipid hydrol~sis had occurred during storage of heavily salted roe (paper 1). In 

all the above mentionedreports FFA in heavily salted (14 - 16 % w/w)roe ofthe different 
fish species listed, increased significantly during chill(2 - 5°C) storage for one year. Thus it 

is well established, that lipid hydrolysis occurs during storage offish roe at conditions close 

to those applied in lumpfish roe processing. In a study in thislaboratory Huss et al. (1984) 

reported a FFA levelof 1.8 - 2.2 % in heavily salted lumpfish roe, which increased to 5.1 % 

in roe with 20 % salt and to 8.2 % in roe with 15 % salt after 9 months at 5°C. Linko et al. 

(1979) concluded, that lipid hydrolysis in herring roe occurred enzymatically and could be 

prevented by pasteurisation and freezing (+20°C for one year), but not by heavy salting (16 

% salt). By comparison to whitefish.roe stored at similar conditions, the authors also 
concluded, that the rate of FF A liberation was dependent on the fish species. Similarly 

Kaitaranta (1982) found the increasingFFA concentration during storage ofrainbowtrout 

and whitefish roe to be resulting from enzymatical reactions. That author suggested, that 

different sensitivities ofthe lipolytic enzyme systems ofthe roes could be responsibie for 
different effects ofsalt concentration on lipid hydrolysis in roes of differentfish species. 

Increased levels ofboth primary and secondary oxidation products were detected in the roe, 

as measured by PV and TBA-values respectively (figure 3.2). For both parameters however 

pronounced variation was noted. In some ofthe ten lightly salted roes examined, double 

determinations also differed considerably (table 3 ofnote 1). During desalting the roe from 

top and deeper parts of a barrel is mixed to a certain extent, and the original location in the 
barrels ofroe samples analysed, is no longer known. In a student's project performed in . 

connection to the present project it was indicated, that the location in the barrels during 
. storage is important in lipid oxidation. Moradjow-Namin (1995) examined six barrels of 

normal heavily salted roe store d for 1 - 13 months. Samples were taken from top and lowest 
half ofbarrels.The PV's of deep samples ranged from 3.1 to 83 (one at 17.3 meqv.lkg 

lipid), and oftop samples from 9.5 to 14.7 (one at 30.0 meqv./kg lipid). For deep samples 
TBA-values ranged from 15.0 to 19.5 (one at 27.5 Ilmoles/kg roe), and for top samples from 

21.6 to 31.1 (one at 17.9 Ilmoles/kg roe). FF A concentration was evenly distributed in the 

barreis. In all barrels higher PV's and TBA-values were noted for top than deep samples. 

15 



Chemical characteristics of lumpfish roe. Chapter 3. 

32 
30 
28 

:::: .. 26 
24 
22 
20 
18 
16 
14 
12 
10 
8 

.6 
4 
2 
O+-~--~-+~--~~--~~~+-~~L-~-

Fresh Iightly 
sahed 

Fresh Iightly 
sahed 

Fresh Iightly 
salted 

. . Free fatty acids .. Peroxidevalue . Thiobarbiturie acid --- --------- -----%-oflipjd------- ------- ---meqv.!kgl[plcr --- ------varue ~moles/kg-ioe------------- --c, - --

Figure 3.2. Free fatty acids, peroxide value and thiobarbituric acid value (meanvalues and 
range) offresh roe offive lumpfish and oflightly saltedroe, made by desalting often barrels 
ofheavily salted roe store d for 8 months at +soC (data from table 4 ofpaper l, detail ed data 
in table 3 ofnote l). 

Linko et al. (1979) examinedtheeffect of different storage conditionson peroxide v~lues in 

herri~g roe. Lower PY' s during one year of storage of non-salted roe could b~ obtained by 

reducing the temperature from SOC to +20°C. Further reduction in PV's were obtained by 

limiting the availability of oxygen through air-proofvacuum packaging (glass jars). During 
frozen storage in glass j ars, no influence of S % w/w salt was observed on lipid oxidation. 

During storage of dry-salted roe with 6 and 16 % salt (no vacuum) at SOC for olle year,the . .' ' .. ' - . 

authors reported a fasteronset of lipid oxidation in h~avily salted roe, .but at the end of .. 
storage similar PV's were detected 'in both salted roes. Linko et al. (1983) studied lipid 

~_ •• - ------:-----.-- -.~ •••• ---.---- -~ -~--.-.-,------ -- ---- -':-''::-'._-'"--''' ---------.~- •••• __ '._ -_. ____ , ___ ~---_~ •••• ~ •• ~ •• --- ' __ , __ 4 _~ ____ ..:. ____ ." 

oxidation during storage of roe from Baltic herring, perch and rainbow trout,and concluded, 

that lipid oxidation is not generally accelerated by salt addition, but the. effects of the salt 

.. may depend ofthe lipid and fatty acid composition of a specifi~ roe produet. 
Shaban etal. (1984) measured:roA~valuesofchUrilsalmon (Oncorhynchus keta) roe with 

tWQ salt levels (not analysed)d!lJtnKstorag~at various t~I11p'erli~ur.e~._ I1:le~_~!t()~edtha!J()_ 
prevent an increase of TBA-values during storage for 11 months without vacuum packaging, 

a temperature as low as +40°C was necessary. Eve~ at +30°C slight increase in TBA-values 

occurred atboth salt leveIs. 
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Changes in the lipid fraction of lumpfish roe reported in the present section, had occurred 

before the final roe products were even produced. The degree of lipid oxidation varied 

among samples originating from different barrels of roe, and occasionally among roe 
samples originating from the same barrel. As extracted from data reported by other workers, 

a low storage t~mperature is preferred in order to reduce the rateof lipid hydrolysis and 

oxidation, while limiting the availabilityof oxygen is an important factor in lipid oxidation 

only. In today's production oflumpfish roe, the temperature in storage ofheavily salted roe 

has been lowered to +5°C compared to the 5°C, that was used some years back. .Frozen 

storage of roe, which is one alternative to heavy salting, can have other drawbacks, apart 

form being expensive. Stodolnik et al. (1992) reported, that membrane hardness (resistance 

to crushing) ofrainbow trout eggs stored at +25°C decreased markedly as early as after 4 

months, which became more pronounced through storage for one year. 

Though quality improvement of the heavily salted roe as raw material for production is 

beyond the scope ofthis thesis, it can withinthe existing procedures be suggested to give 

higher priority to the complete covering of roe with brine, before the storage is initiated. It 

could even prove useful in reduction of lipid oxidation, to avoid filling the barrels 
completely, and leave the upper part ofbarrels for filling with brine, as suggested by the 

differences in PV and TBA-values in top and deeper layers of barrels reported in this section. 

. Processing means alternative to those used today are not easy to find, as such means should 
be applicable to a large number of local fishermen, working at very distant geographic 

locations along the coasts ofNorway, Iceland and Canada. 

3.5 Amino acids 

3.5.1 Total amino acids 

Fresh roe 

The total amount ofamino acids detected in fresh roe of five freshly killed lumpfish varied 
(87.3 - 108.7 mg/g roe), but the composition was rather uniform. 17 amino acids were 

identified, and the dominating amino acids (% w/w of identified amino acids) were glutamic 

acid (12.9 ± 0.10 %), leucine (9.9 ± 0.10 %) and aspartic acid (9.6± 0.09 %). Methionine 

and cyst(e)ine were present at the lowest concentrations, 2.6 ± 0.03 % and 1.5 ± 0.26 % 

respectively. The data on methionine may however be too low, as a certain amount of 

methionine is eas ily lost during the analysis; a peak (non-quantified) of oxidised methionine 
was also present in the chromatograms (paper l). Apart from a lower concentration of 

glutamic acid detected in this study;the composition was similar to that reported by Rehbein 

(1985), who examined acommerciallumpfish roe product. The sulphur containing 

compound taurine (2-aminoethanesulphonate) was in the present study detected at a 
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concentration of 0.5 - 0.6 mg/g roe. (Total amino acids and taurine in fresh roe are shown in 

table 5 ofpaper 1, detailed data in table 4 ofriote 1). 

Lightly salted roe 

The total amount of an:ti~() ac~ds_ varied among ten roe barre!~a!ter- de~alting (84.5 - 102.1 

mg/g roe or 88.8 - 104.3 mg/g whencorrected for the extra salt), and the composition was 

similar to that of fresh roe. Taurine was detected at a concentration of 0.1 - 0.2 mg/g roe. 

(Total amino acidsand taurine in lightly salted roe is shown in table5 ofpaper 1, detail ed 

data in table 4 of note 1). 

3.5.2 Free amino acids 

Fresh roe 

Free amirto acids offresh roe composed 0.28 ± 0.03 % oftotalamino acids, and the 

concentration ranged from 21.5 - 28.4 mg/lOOg (table 3.2). The composition differed from _ 

that of total amino acids, and a higher proportion of glutamic acid (29.1 - 36.7 % of free 

amino--acids]-and-slightly -higher of-glycine ·were-detected-among-free-amino-acids~- ---- -- ----­

Methionine could not be detected, and cyst( e )ine only in three of the five fresh roes. 

Tryptophane, not detected among total amino acids (lost during the acid hydrolysis), was 

detectedat aconcentration ofO.3 - 1.5 % offree amino acids. The composition offree 

amino acids (% of amino acids) isillustratedin figure 3.3. The actual concentrations 

(mg/ 100g roe) of individual free amino acids detected in fresh roe is illustrated in figure 

3.4A. 

The composition of free amino acids was les s uniform among different fish than the -

com position of total amino acids. This may be explained by the fact, that composition of free 

amino acids changes considerably duringthe last few weeks before spawning (Gjessing 

1963), and fish with ripe and less ripe roes can be caught throughout the season (Vuorela et 

al. 1979). 

Taurine concentration ranged from44.4 - 63.1mg/100 g in fresh lumpfish roe. As reported 

in the previous section, taurine concentration detected in the analysis of total amino acids 

(0.5;. 0.6 mg/g) was ata-similarlevel. Thus-taurine; thatis nota regular amino acid;isnot 

incorporated into protein and is only present as the free compound. 

Lightly salted roe 

Free amino acid concentrationin lightly saltedroe varied in therange of14.8 - 51.9mg/lOOg 

roe or 15.2 - 54.4 mg/l 00 g, when corrected fortheextrasalt-(table3.2).- Thecomposition of 

free amino acids differed fromthat offreshroe, which is illustratedin figure 3.3. Glutamic 

acid, glycine and alanine were present at a lower concentration, while isoleucine, leucine, 
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tyrosine, phenylalanine, tryptophane and arginine composed a greater part of free amirio 

acids than in the fresh roe. 

Taurine concentration was much lower than in fresh roe, and in the range of 6.6 - 22.0 

mg/lOO g (table 3.1). It seems reasonable, that taurine is washed out during desalting. This is 

a similar situation to what was reported by Herbert and Shewan (1975), who observed 

leaching (melt-water) oftaurine from cod musc1e kept in ice. The difference in taurine 

concentration between fresh and desalted roe, roughly equals thereduction in salt 

concentration during desalting ofthe ten barrels to 3.0 - 5.8 % (heavily salte d roe 11 - 16 %, 

chapter 2) . In spite ofthe desalting, eight ofthe ten desalted roes had a higher total 

concentration offree amino acids than anyofthe fresh roes. Free amino acids composed 

0.16 - 0.61 % oftotal amino acids compared to 0.24 - 0.30 % in the fresh roe (table 3.1), the 

lowest concentrations were detected in roe with low salt concentrations. 

When taurine concentration is calculated relative to the total concentration of free amino 

acids, it is observed, that taurine concentration is around dQuble the conceiltration of free 

amino acids in the fresh roe, while in lightly salte d roe taurine concentration is only around 

one third the concentration of free amino acids (table 3.1). 
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Figure 3.3 Composition offree amino acids (% ofamino acids, mean values and range) of 
(F) fresh roe offive lumpfish and (L) lightly salted lumpfish r..oe made by desalting often 
barrels ofheavily salted roe stored for 8 months at +5°C (Data from table 5 ofpaper 1, 
detailed data in table 5 of note 1). 
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Table 3.1. Free amino acids and taurine of desalted lumpfish roe (3.6 - 5.8 % w/w) made 
from ten barrels of heavily salted roe stored for 8months at +5°C, and of fresh roe of five 
lumpfish. (Data from table 5 of paper l, detailed data in table 5 of note 1). 

Free amino acids, mg/l00g 3) 

Free amino acids as % of 
total amino acids 

Taurine mg/l00g 3) 

Taurine/free amino acids 

Fresh roe l) 

Mean (range )----

25.8 (21.5 - 28.4) 

0.28 (0.24 - 0.30) 

53.0 (44.4 - 63.1) 

2.1 (1.8 - 2.3) 

Lightly salted roe 2) 

Mean (range) 

39.8 (15.2 - 54.4) _ 

0.41 (0.16 - 0.61) 

14.0 (6.6 -22.0) 

0.35 (0.3 - 0.4) 

l) Fresh roe offive lumpfish. 2) Lightly salted roe (3.0 - 5.8 % w/w) made from ten barrels ofheavily salted 
roe, stored for 8 IIlonths at +5°C. 3) Coricehtrations in lightly saIted roe arecalculated as mg/lOOgofroe with 
0.9 % salt. 

The results indicate that, as free amino acids must be expected to be washed out during 

des alting together with other soluble compounds, the pool of free amino acids in lightly 

salted roe was supplemented during the long storage by breakdown of proteinlpeptides. The -

altered composition offree amino acids in lightlysalted roe (figure 3.3) indicates, that some 

amino acids are liberated to a greater extent than others. This could be resulting from the 

-specific amino acid compositions of various proteins/peptides attacked by autolyticaI 

enzymes at the actual storage conditions (Il - 16 % salt, +5°C). 

The results presented in this section also showed, that pronounced variation occurred in the 

concentration of free amino acids in lightly salted roe (the actual concentrations of 

individual free amino acids detected in the ten batches ofroe ,are illustrated in figure 3.4.B). 
. . 

-1'hisis-probably due to the combined effects ofvariation inthe extent ofproteolysis and 

variations in the extent of washing out during des alting. Salt concentration of both heavily 

and lightly salted roe varies, and subsequently the total amount of water added to 105 kg roe 

during desalting also varies, even when products of similar salt concentration are produced. 

Thus in lightly saltedlumpfish roe products, produced by standard procedures (see chapter 

2), amino· acids readilyavailable for· bacterialgrowthis not-uniform among production. 

batches. 
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Figure 3.4. Actual concentration offree amino acids (mg/100g roe, mean values and range) 
of(A) fresh roe offive lumpfish (B) lightly salted lumpfish roe (salt 3.0 - 5.8% w/w) after 
desaltingoften barrels ofheavily saltedroe stored for 8 months at +5°C (base d on data from 
table 5 of note 1). . 
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A large increase in free aminoacids was observed by Chiou and Konosu (1988) during 

processing (salting, drying and sun-drying) of mullet (Mugil cephalus) roe. In the final 

product, the concentration of free amino acids was more than three times the concentration 
in fresh roe. During processing (soaking in 15 % saline and drainlng) of Alaska pollack 

(Theragra chajcograJ!l1!ia) roe into the salte d roe Q~Q_d!l:ct "T~rako", an increase of 14 %~~E _ 
free amino acids was reported by Chiou et al. (1989a). During the proces s 30 % of initial 

taurine was lost 

Chiou al. (1989b) found that caseinolytic, acid protease and aminopeptidase activities were 
present in the roes of mullet and Alaska pollack. The authors suggested that the enzymes 

responsibie for the activities may be cathepsin D and/or a cathepsin D-like enzyme and at 

least two different aminopeptidases. The study supported the assumption, that the observed 

increases in free amino acids in the two types of roe may be caused by the combined actions 
of proteolytic enzymes. The enzymes were shown to be active to a different extentat the 

individual steps of processing. 

3.6 Total volatile bases, trimethylamineand trimethylamineoxide 

Concentrations of trimethylamineoxide and trimethylamine were determined in fresh, 
heavily salted and lightly salted roe. Both were low in all roes: ::::; 4.4 mgN/lOO g and::::; 1.3 

mgN/100 g respectively (paper l). In several roes the compounds were not detectable. 
Equally low levels of TMAO as detected in this study, were reported in herring roe by Huss 

and Larsen (1979) and Linko et al. (1979). Chiou and Konosu (1988) detected only traces of 

TMAO in fresh mullet roe, while 2 - 3 mgN/l 00 g has been reported for roe of Alaska 

pollack (Chiou et al. 1989a). 

The concentration of total volatile bases, thus consisting of ammonia, of both heavily salted 

roe in barrels and fresh roe was in the range of24 - 33 mgN/lOO g, and in ten barrels after 
desalting TVB concentration was in the range of 4 - 12 mgN/ l 00 g, generally being lowest in 

roe with the lowest salt concentrations (paper 1). Huss and Larsen (1979) and Linko et al. 

(1979) reported a TVB level in herring roe of 15 mgN/IOO g and 'lO - 20 mgN/lOO g 

respectively. In a study inthislaboratory on preservation of caviar-type lumpfish roe 

products (5.7 - 9.5 % salt), Huss et al. (1984) reported TVB concentrations in newly 
produced products (processing procedures as described in chapter' 2) to be in the range of 5.0 

- 16.7 mgN/lOO g, based on analysis of20 products. 
(Detailed data on TVB, TMA and TMAO are shown in table 6 of note l). 
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3.7 Summary and conclusions 

Data on proximate composition of fresh lumpfish roe has been presented, and the 

composition did not change during processing except for a slight increase of moisture 
content during desalting. . 

Proximate composition varied among roes of individual fish. According to the literature the 

variation in proximate compositionof fish roe is not the result of any systematic influence 

by catching season or time in the season. 

Fatty acid composition of fresh and lightly salted lumpfish roe was similar and dominated by 

pabnitic, oleic acid, eicosapentaenoic and docosahexaenoic acid. 

During storage of heavily salted roe in barrels at +5°C lipid hydrolysis and oxidation 

occurred, as measured by increased levels of free fatty acids, peroxide values and 
thiobarbituric acid values in lightly salted roe. The most important factors in controlling 

these reactions were concluded from the literature to be low storage temperature and 

limitation of oxygen availability. 

Composition oftotal amino acids offresh and lightly salted lumpfish roe were similar. 17 

amino acids were identified, among which the major acids were glutamic acid, leucine and 
aspartic acid. Composition of free amino acids in fresh roe was less uniform than that of 

total amino acids, and greater domination of glutamic' acid was observed. 

In spite of desalting, higher concentrations of free amino acids were detected in most lightly 

salted roes compared to fresh roe. The composition of free amino acids also differed from 
that of fresh roe. ' 

The results indicated, that free amino acids were supplemented by autolyticalliberation from 
peptides and/o r proteins during storage of heavily salted roe. Some amino acids were 

released to a greater extent than others, probably depending on the nature of peptides and 

proteins attacked by autolyticai enzymes. As a combined effect of proteolysis and washing 
out ofsoluble compounds during desalting, the actual concentrations of individual free 

amino acids in lightly salte d roe varies among different production batches. 

Lumpfish roe contained no or low levels oftrimethylamineoxide (:::;; 4.4 mgN/lOO g). Total 

'volatile bases in fresh and heavily salted roe was in the range of 25 - 30 mgN/IOO g, which 

decreased during desalting to 4 - 12 mgNIlOO g. 
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Chapter 4. Spoilage and microflora oflightly salted lumpfish 'roe 

4.1 Introduction 

This chapter will deal with sensory, microbial and chemical changes, that are taking place in 

lightly salted lumpfish roe during storage at 5°C and eventually lead to spoilage ofthe 

product. Spoilage is understoodas changes resulting in the presence of unacceptable sensory 
characteristics. 

The objective has been to point out potential spoilage organisms against which preservation 

of the product should be directed, and to contribute to an understanding of the spoilage 
mechanism of lightly salte d lumpfish roe products. 

4.2 Off-odour development 

Off-odour development and thereby the shelflife of lightly salted lumpfish roe is highly 

variable. This was observed in storage experiments including eleven batches of lightly salted 

.lumpfish roe with salt concentrations in the range of 3.5 - 4.8 % WPS. The roe originated 

from normal barrels ofheavily salted roe, and the products were stored.at 5°t for two and a 
half or three months. 

Differences in off-odour development among batches were reported' as different degrees of 

spoilage after a certain storage time rather than different shelf lives. This strategy was 
chosen to allow comparison of flora composition and chemical parameters among roe 

batches exhibiting different odour characteristics. At the end of storage three different 

situations regarding odour had occurred among batches (paper 2): 

1) ,Practically no off-odour. Roe acceptable. 

2) Off-odours described as: Sour, marinated, fruity and rotten. Roe close toborderline. 

3) Strortg off-odours described as:Sulphidy or cabbage;.;likeas the dominating impression; 

in different combinationswithrotten;" sour ,green/hay ,-fruity-and-ammonia-like.-

Roe rej ected. 

Thus within a range of saltconcentrations on both sides of 4% WPS, these different spoilage 

situations are likely to occur in a· three months period; corresponding to the, shelf life wanted 
'by the iridustry (see chapter l). Differences in flora compositiori were observed among-----

batches with different odours, as it will be discussed in section 4.6. 
I 
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4.3 Significance of microbial and non-microbial changes in quality and 
deterioration 

4.3.1 Significance in development ofspoilage off-odours 

As spoilage can be the result ofboth microbial andnon-microbial quality changes, sterile 

model systems ofvarious kinds have been used in order to separate these and identify the 

main causes ofspoilage. The.ideal system used in studies offish spoilage, is muscle blocks 

cut from the fish at sterile conditions (Herbert et al. 1971). Sterilisation after dilution as 

extracts have also beeIi widely used, either by heat treatment (Gram et al. 1987, Dalgaard 

1995) or filter sterilisation (Jørgensen and Huss 1989, Lerke et al. 1963). 

In this project attempts have been made to produce filter sterilised roe extract from heavily 

salted roeafter desalting (i.e. thenormal raw material for production) by modification ofthe 

method of Jørgensen and Huss (1989). The method involves mincing, water addition, 

filtration, centrifugation (43.500 x g) and pres sure filtration through 8 1l,0.45 Il and 0.22 Il 
filters. The roe mince/water mixture could however not readily be filtered, therefore a 

mechanical press was used to squeeze the liquid from the solid material. Even after 

enhanced centrifugation (49.500 x g) only very small amounts of liquid could be pres sure 
fiItered through a series of filters. The risk of filter bursting was high and the yield per kg of 

roe was very low; Due to these obstacIes, production of filter sterilised roe extract in 

sufficient amounts was not considered possibie in practice. 

Two different methods have been used instead. Lightly salted lumpfish roe have been added 

antimicrobial substances (paper 2) and roe product have been produced from sterile roe 

obtained from just killed lumpfish (paper 3). None ofthese methods are entirely satisfactory. 

Addition of chemical substances creates arisk of irrelevant chemical reactions, and just 
removed sterile roe is, though cIose, not identical to the heavily saIted stored roe used for 

production, where changes in the lipid and free amino acidfractions have been shown to 

take place (chapter 3). The ideal system for imitating normal product conditions would be 

roe products made from sterile heavily salted roe stored at conditions used in the industry. 

Still both the above experiments showedthat off~odours characteristic to spoiIage described 
the previous section, did not develop when no microbial growth occurred. 

In addition naturaIly contaminated lightly salted lumpfish roe products have, during this 

project, failed to develop off-odours though stored for three months (paper 2). This was not 
likely to occur, ifnon-microbial changes were significant in the formation of spoilage off­

odours. 

Adding these results it can be concIuded, that lightly salted lumpfish roe at 5°C spoils due to 

bacterial activity. 
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4.3.2 Non-microbial changes influencing overall produet quality 

Though spoilage of the final roe products is caused by bacterial activity, the overall product 
qmility is influenced by the non-microbial changes taking place, before the products are 

produced. 
Changes in the lipid fraction ofheavily salted roe described in section 3.4.2, have a direct 

influence·on qualitydue to rancidity and complicates the odour assessments ofthe lumpfish 

roe products during storage. A constant level ofrejections of 10 - 15 % due to rancidity, 
which did not increase as storage of the products proceeded, was noted in the off-odour 

assessments of lightly salted roe (paper 2). 

In order to identify off-odours ofbacterial origin, it has throughout the project been 
necessary to separate rancid off-odours aiready present in the newly produced product, from 

off-odo:urs developing during storageofthe lightly salted roe. Despite this separation; 

compounds e.g. aldehydes and ketones resulting from lipid breakdown might still have an 

unknown impact on off-odours of the product when combined with volatiles of bacterial 

origin. This theoreticai impact has not been possibie to eliminate in the performed 

experiments. 

Liberation .offree amino acids occurs during storage ofheavily salted roe (section 3.5.2), and 

mayaiso occur during storage of the product. 

Some amino acids are bitter tasting including tyrosine, leucine, isoleucine, valine, 
phenylalanine and tryptophane (Wieser and Belitz 1975). Those amino acids except for 

valine, were present at higher concentrations in the lightly salted roe compared to fresh roe. 

In addition bitter tasting peptides could also have been formed due to proteolysis, as reported 
in cheddar cheese (Lee and Warthesen 1996). An increase of oligopeptides has been reported 

during processing of Alaska Pollack roe (Chiou et al. 1989a), while in Mullet roe 
fluctuations occurred during processing, but the changes were rather small (Chiou and 

Konosu (1988). 
Quality improvement ofthe raw material (i.e. heavily salted roe) has not been an objective of 

this project.' Therefore it has not been examined, whether the. increased concentration offree 

amino acids has any direct influence on the taste of lightly salted roe. . 
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4.4 Microflora of lightly salted lumpfish roe 

4.4.1 Microflora developing during storage 

The flora composition of five batches of lightly salte d lumpfish roe after three months of 

storage at SOC, are shown in table 4.1. The roe was produced from five barrels ofheavily 

salted roe originally landed at different locations in Canada, that reflected a variety of 

normal roe raw material (paper 2). 

Table 4.1. Flora coinposition l) (counts > 5 logcfu/g) in five batches of lightly salted 
I lumpfish roe after th'ree months of storage (log cfu/g, blood agar with 3 % of salt at 1 QOC). 

The roe was vacuum-packed in glass jars and stored at SOC. (Data from paper 2 and 3). 

Batch l 2 ·3 4 5 

Salt concentration, % WPS 2) 4.2 3.7 3.8 3.6 3.8 

Total viable count 7.0 7.3 7.3 7.1 7.3 

Lactic Acid Bacteria (total) 6.9 7.0 7.2 6.7 7.1 

Lactococcus sp. (Al) 6.7 
Lactococcus sp. (A2) 6.0 6.5 6.3 3) 7.0 
Carnobacterium sp. (B 1) 6.5 4) 7.1 6.5 6.3 
Carnobacterium sp. (B2) 7.0 
Carnobacterium sp. (C) 5.7 

Enterobacteriaceae (total) ~5 6.9 6.5 6.9 6.6 

Serratia liquefaciens (1) 6.8 5.7 6.9 
Serratia plymuthica (2) 6.4 6.6 
MorganelIa morganii (3) 5) 6.4 

Vibrio spp. 6.1 ~5 6.1 ~5 5.5 

l) Basedon differential counting, isolation (108 isolates) and basic testing. LAB (70) andEnterobacteriaceae 
(30) were further biochemically tested, grouped by numerical taxonomy and presumptively identified. DetaiIs 
are reported in paper 2 and 3.2) Calculated from mean values oftotal salt and dry matter content.Standard 
deviations in these analysis were:S: 3 % and:s: 2 % respectively. 3) Group A2 was not recovered from BIood-
agar, the count originates fromAPT-agar. 4) Low numbers of group Bl is also present, one single isolate was 
obtained from the +5 dilution. 5) At Statens Seruminstitut, Copenhagen by further testing identified as 
MorganelIa morganii subsp. sibonii 
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The total viable counts ofthe newly produced products were < 2 - 3 log cfu/g and increased 

to around 7 log cfu/g in three to four weeks (pap er 2). This level was maintained throughout 

storage. The microflora at the end of storage consisted ofLactic Acid Bacteria (LAB), 

Enterobacteriaceae and Vibrio spp. Except for batch l, LAB and Enterobacteriaceae in tum 

yielged-the highestcounts while ·VibrjQ.spp.,g~erallycomposed a smaller:p'~rt of=th~ flora. 

In batch l Enterobacteriaceae failed to grow« 510gcfu/g), which may be due to the higher 

salt concentration ofthis batch (see section 4.4.2). 

LAB and Enterobacteriaceae repeatedly developed as major parts ofthe microflora in 

experiments reported elsewherein this thesis (paper 2, chapter 6, and 7). Total viable counts 

after storage of around 7 log cfu/g, have also continuously been observed, while levels of 8 

log cfu/g only occasionally were note d (paper 2). ' 

Indications on the variability of composition within the groups of LAB and Entero­

bacteriaceae have been obtained: 

• In a storage experiment 28 LAB isolates were -random ly chosen from six batches of roe 

stored for two and a halfmonths at 5°C. Results from biochemical testing ofthe isolates 

(table l of note 5) showed, that all LAB isolated in that experiment were different from the 

LAB flora shown in table 4.1. Thus a wide range ofLAB are able to growin lightly salted 

lumpfish roe, and the genera showed in table 4.1 only reflects the LAB flora ofthose 

particular five batches . 

• Enterobacteriaceae isolates were occasionally picked up from store d (5°C) lightly salted 

lumpfish roe productsinc1uded in other experiments ofthis project (counts 5 log cfu/g or 

higher). Results from biochemical testing showed, that among 18 isolates obtained, 6 isolates 

were identical to or c10sely related to strains of group l (Serratia liquefaciens), 10 isolates 

were identical to or c10sely related to strains of group 2 (Serratia plymuthica) and one isolate 

was identified as MorganelIa morgan ii (subsp. morganii). The remaining isolatediffered 

more, and was by the APl 20E identification system suggested to be Enterobacter . 

agglomerans (note 3). 

The number of isolates are limited, and they cannot be c1aimed to reflect the total 

. Enterobacteriaceae flora ofthe roe products from which they were isolated. The results show. 

however, that when b~cteria presentinsignificant n,umbersare random ly piclceø l~pfrom a 

varietyof chiU stored lumpfish roe products, the majority of isolates are either identical or 

closely r~Hitedt(>"straitisofthe thtee groupsshown in table"4.I,andother generaare"rare1y 

found. -thlls ihe Enterobacteriaceae able to grow during chilI storage of lightly salted 

lumpfish roe constitutes a much narrower range of organisms than d~es the LAB. 
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4.4.2 Factors affecting floracomposition 

The vacuum-packed lightly salted lumpfish roe product has, as defined in chapter 1,·asalt 

concentration ofaround 4 % WPS and a pH of 5.4 (0.1 % w/w lactic acid); the product is 

.stored at 5.oC. It was shown in the previous section, that these conditions allows growth of 
LAB, Enterobacteriaceae and Vibrio spp .. 

Truelstrup Hansen (1995) reported that during a number of storage experiments, three 

different situations occurred regarding flora composition on cold smoked salmon stored at 

5°C (3.9 - 4.8 % WPS): l) Domination by LAB (7 - 9 log cfu/g), 2) Domination by LAB and 

Enterobacteriaceae (7 - 8 log cfu/g) or 3) Domination by Photobacterium/marine vibrios (6 -

7 log cfu/g). The typical microflora of spoiling vacuum packed normal pH meat (5.4.- 5.8) is 

dominated by LAB, while in vacuum packed high pH meat (> 6.0) other bacteria are also 

able to grow to higher numbers: Shewanella putrefaciens, Enterobacteriaceae and Brochotrix 

thermosphacta (Dainty and Mackey 1992, Borch et al. 1996). In "gravad" fish (lightly 

preserved fish product with 4 % of salt, no acid but sugar added) From and Huss (1988) 

found the flora ofthe spoiled product to consist ofLAB, Enterobacteriaceae, Vibrionacea~, 
Brochotrix thermosphacta and Shewanella putrefaciens. 

When comparing flora composition of lightly salted lumpfish roe to theabove products, the 

differences maybe explained as the effect of a few intrinsic parameters characteristic to the 

products. 
In spite of thelower pH and ahigher salt concentration compared to meat, 

Enterobacteriaceae counts of 6 - 7 log cfu/g occurred in store d, lightly salte d lumpfish roe 

(tab le 4.l). A higher concentration oflactic acid is however characteristic of normal pH meat 

(0.9 % w/v, Dainty and Mackey 1992) . Since lactic acid is inhibitory to psycrotrophic 

Enterobacteriaceae at anaerobic conditions (Serratia liquefaciens and Enterobacter cloacae, 

Grau 1981), these bacteria are inhibited in normal pH meat. 

The pH of lightlysalted lumpfish roe is comparable to that of normal pH meat, but lower . 
than that of cold smoked salmon and "gravad" fish (5.8 - 6.2). Vibrio spp. does not compete 

well at 10wpH «5.5) and lack of oxygen (Walker 1992). Growth of Brochotrix 

thermosphacta is at low oxygen tension inhibited in meat at pH 5.8 or lower (Campbell et al. 

1979), while in the absence oflactic acid it has been reported to grow anaerob ic ally down to 
pH 5.5 (Grau 1980). Shewanella putrefaciens does not grow on mea! ofnormal pH, and is 

unable to grow below pH 6.0 at refrigeration temperature (Gill and Newton 1979). 

Thus the lower pH of lightly salted lumpfish roe may explain, why the flora com position is 
less variable than observed for the other lightly preserved fish products mentioned above. 

As discussed in section 4.4.1 the range of different Enterobacteriaceae able to grow is rather 

narrow and dominated by Serratia spp. (Ser. liquefaciensandplymuthica). Serratia spp. 
l 
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occur in the natural environment (soil, water, plant surfaces), Serratia liquefaciens being the 

most prevalent species. The principal habitat of Serratia plymuthica is probably water, the 

same species being isolated from marine and fresh water.(Grimont and Grimont 1984, 

Grimont and Grimont 1992). Therefore Serratia spp. can easily be introducedinto foods. An. 

.. ad4i!ional factor in lumpfish roe-P!<?duc~i~n is the large amounts ofta'p,::\\,~tef-a~ded directly 
into the roe during the des alting process. The apparently random occurrence of MorganelIa 

morgan ii (table 4.1 and note 3) may be determined by the presence or absence in the initial 

flora. MorganelIa morganiiis not part of the flora typical to newly caught cold water fish; 
and are likely to be added tofish/fish products during handling (Liston 1992). The roe 

originates from different geographic locations, and ishandled bya large number ofsmall 
producers at very different hygienic conditions. 

Serratia spp. is known among Enterobacteriaceae to tolerate relatively high salt 

concentrations, several speciesdoes at certain .conditionsgrow at 7 % salt, a few even higher 

(Grimont and Grimont 1984). When inoculated in lumpfishroe extract, most ofthe isolated 

strains did not growat such high levels of salt, which is illustratedin figure 4.1. The 
combination ofsalt·( 4% WPS )and-pH-(-5A )-in the-definedroe product-is -close-to -the-limit 

of growth of most of the strains. Lowering the pH of the product by half a unit or increasing· 

the salt concentration to 4.5 % has a considerable inhibitory effect. Still growth ofone ofthe 

tested strains (F 79) was only slightly inhibited by the combinati~n pH 4.9 and 5 %of salt. 

Growth in roe extract may be less advantageous due to the heat treatment and dilution 
included in the processing (note 2). The inoculated MorganelIa morgan ii strainsF39-1 and 

E5 failed to grow in the roe extract, but they were originally isolated from stored roe 

products (pH 5.4) with salt concentrations of3. 7 % (section 4.4.1) and 4.5 % WPS(note 3) 
respectively. 

The results shown in figure 4.1 indicate that a balance between pH, varyingsalt concentra­

tion and initial flora of Serratia spp. could determine which species, if any, will grow in a 
specific lightly salted lumpfish roe product, with salt concentrations between 4 and 5 %; 

This suggestion was to some extend supported by the data o btained. on stored products. In six 

batches oflightly salted lumpfish roe (twoand a·halfmonths at 5°e) LAB and 
Enterobacteriaceae counts were determinedusing·selective-agars.When theseresults-are­

combined with those shown in table 4.1, eleven roe batches with salt concentrations ranging 
from 3.5 % WPS to 4.S % WPS are obtained (table 1 ofpaper 2). Among four batches (1, 9-

11) withsalt concentrations above 4 % WPS, growth ofEnterobacteriaceae (> 5 log cfu/g) . 

. only occurred in one (10). In all theremaining seven batches (3.5 - 3.S %WPS) growth 
occurted, in two batches (6 and S)-howeveronly to a level of53 and 5.5 -log cfu/g(see also 

table 4.3). These low counts may be influenced by the use of selective agar, which in general 

yielded lower counts than those obtained by isolation and characterisation from non­

selective agar. 

30 



Days to 
. abs. 0.1 

70 

..... . 
00 ..., 
~ 

o ..... 
Ir) d-. ~ Ir) 

~ 

pH4.9 

Spoilage and microflora of lightly salted lumpfish roe. Chapter 4. 

..... 0'1 . . t--..... 
~ t--

~ 

..... . 
00 ..., 
~ 

pH 5.4 

..... . ..... 
t-­
~ 

~ 4.0 
~ 

Figure 4.1. Growth of different Serratia isolates in roe extract at SOC as affected by pH and 
salt concentration. (days until absorbance (600 run) ofO.1 was reached). Initial inoculum~ S 
logcfu/g. F38-1, FSO and FS9-1: Group·1 (Serratia liquefaciens), F71-1 and F79: Group 2 
(Serratia plymuthica) (data from note 2). 

4.5 Chemical spoilage indicators 

When the concentrations qfparticular compounds/groups of compounds, resulting from 

bacterial activity, during storage increases above their thresholds, off-odours and thereby 

spoilage begin to appear. Several compounds have been suggested as chemical indicators of 

spoilage of fish and/or meat. The potential of soine of these as indicators of lightly salted 

lumpfish roe spoilage are evaluated in the following sections. 

4.5.1 Trimethylamine 

Trimethylamineoxide (TMAO) plays an important role in fish spoilage by its microbial 

reduction to trimethylamine (TMA)contributing to off-odours and off-flavours. TMAO 

serves as electron acceptor during anaerobic respiration by well known fish spoilage bacteria 

as Shewanella putrefaciens and Photobacterium phosphoreum (Gram et al. 1987, Dalgaard et 

al. 1993). 
Fresh, heavily salted and desalted lumpfish roe analysed during this project, contained no or 

very small amounts ofTMAO (section 3.6). This is in accordance with Huss åndLarsen 
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(1979), who found both initial TMAO and resulting TMA concentrations in herring roe at 

lOoe to be very low « 4 mgN/lOOg). During storage ofBaltic herring roe (6 % salt) at 5°e 

Linko et al. (1979) found TMA concentration to be < l mgN/lOOg and to remain,at that level 
for several months, but then an increase of TMA concentration was obseryed. However n~ 

-_- yalues w~re given on the In.~wt:ud~Qftheincrease~ and 110 sugges!i()_l1s <.:m...:..the mechanism 
involved~ Jessen (1986) found cod roe to contain 6 -7 mgN/lOOg ofTMAO, and the TMA 

concentration to increase to more than 15 mgN/lOOg during storage in ice. It was therefore 

suggested thatendogenous synthesis of TMA occurredin cod roe. 

Due to thesereports on TMA of roes increasing tohigher levels than initial TMAO, TMAO 

and TMA analyses were included in a storage experi~ent ofthis project. During storage of 

six roe batches at 5°e for two and a half months no increase in TMA concentration was 

observed, neither in spoiled nor non-spoile,d roe (paper 2). 

4.5.2 Total volatile bases 

Analysis ofthe concentration oftotal volatile bases (TVR) determinesthe production ofc 

ammonia by bacterial deamination of amino acids during storage (since TMA, part of this 

fraction, is negligibIe ). This indicator may be useful in products without TMA production, 
providing ihe formed ammonia is important in spoilage. -

TVB concentration in six batches of lightly salted lumpfish roe stored at 5°e, showed a 

uniform increase (final value 19.5 ± 1.7 mgN/lOOg after three months) despite a very 

different off-odour development (figure l of paper 2, detailed data in table 6 of note l). 

Thus TVB concentration showed no correlation to sen~ory characteristics of stored lumpfish 

roe products, and was rather reflecting bacterial growth in general. This makes the TVB 

concentration an equally unsuitable spoilage indicator in lightly salted lumpfish roe, as are 

the total viable counts ofthe product. 

4.5.3 N ucleotides 

The K-value based on nucleotide degradation in fish muscle was originally proposed by Saito 
et al. (1959) as an indicator of fish freshness. The K-value isdefined as the percentage of . 

total nucleotide concentration.that is composed by inosine andhypoxantine, resultirtg from a 

-series of degradation reactions: 
Adenosine-tiiphosphaJe-CATPf4-Aaeiiositie- diphosphate (ADP) 4-Adenosine mono;.­

phosphate (AMP) ~ Inosine monophosphate (IMP) ~ Inosine (Ino) ~ Hypoxantine_(Hx) 
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In the two last steps of degradation bacteria have been shown to contribute to the process 

(Jørgensen and Huss 1989, Ravn Jørgensen et al. 1988, Surette et al. 1988). 

Truelstrup Hansen et al. (1995) reported a clear relation between hypoxanthine and sensory 
quality of cold smoked salmon in the manner, that values of 5 - 7 Jlmol/g corresponded to the 

limit of overall sensory acceptability, as assessed by a panel. Although the long storage 

period of lumpfish roe before produetion might create a completely different situation 

regarding nucleotide degradation, a few preliminary analyses were performed in this project 

using the analytical procedure described by Truelstrup Hansen et al. (1995). 

Nucleotideconcentrations of five batches of lightly salted roestored for three months at 5°C 

(paper 2, batch 1 to 5) were low and uniform among batches. Hypoxanthine concentration of 

the;five roe batches were 0.19 ± 0.03 Jlmol/g. Lower levels of IMP were detected in four of 
the.,roes (0.13 ± 0.02 Jlmol/g) and Ino in two (0.05 and 0.06 Jlmol/g). Due to the low 

concentrations detected in both spoiled and non-spoiled roe, the changes in nucleotide 

concentrations during storage of lightly salted lumpfish roe have not been examined. 

4.5.4 Formation of acids 

Acids are produced during the fermentation of carbohydrates, examples of which are the 

produetion oflactic acid from glucose by homofermentation, and the produetion offormic, 

acetic and lactic acid in butanediol fermentation in some Enterobacteriaceae (Gottschalk 

1986, Axelsson 1993, Brock and Madigan 1991). Acids are also produced in amino acid 
degradation, and acetic acid ean further be produced from pyruvate formed during 

deamination ofvarious amino acids (Eskin et al. 1971). 
Accumulation of short chain fattyacids occurred during chill storage of vacuum packed beef 

exhibiting sour/acid/cheesy off-odours (Dainty et al. 1979), and elevated levels ofacetic and 

butyric acid were judged as likely contributors to the odour. Sutherland et al. (1976) 

attributed the acidic odour of chill store d vacuum packed beef to the presence of short chain 

volatile fatty acids, mainly acetic acid. Truelstrup Hansen et al. (1995) also reported 

microbial produetion of acetic acid during chill storage of cold smoked salmon, but the 

concentration at sensory rejection variedconsiderably (12 - 23 Jlmol/g). 
Own investigations showed, that lactic acid' concentration of lightly salted lumpish roe did 

not exceed the added amount (0.1 % w/w), and only slight changes occurred during storage, 

while small amounts ofacetic acid was formed. Formic and propionic acid could not be 

detected (paper 2, detailed data in table 7 of note 1). Final concentrations of acetic ac:id in 

five batches range d between 3.2 ± 0.05 and 6.3 ± 0.23 Jlmol/g, and a higher concentration 

was.detected in a borderline batch compared to a heavily spoiled batch. 
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4.5.5 Volatile sulphurcompounds 

Volatile sulphur compounds have been shown to contribute large ly to the development of 

off-odours during storage of several fish and meat products inc1uding.chill stored cod 
- . 

(Herpert et al. 1971, H~rbe_rt et-aJ.1975, Herbert and ShewaI! __ ::~~76};~gh pH (pH 6.1- 63) 
vacuumpacked pork (Edwards and Dainty 1987), high pH (pH 6.2 - 6.6) vacuum packed 

beef(Dainty et al. 1979), ground beef(Stutz et al. 1991) and in some cases vacUlim-packed 

sliced bacon (Gardner and Patterson 1975). Through several of these reports it is well 
established, that volatile sulphur compounds detected in·significant amounts at spoilage, are 

the result of bacterial activity and do not accumulate in products without bacterial growth. 
Lowodour thresholds are characteristic to several volatile sulphur compounds (Whitfield 

and Tindale 1984, Belitz and Grosh) and off-odours at rejection are by the aboveauthors 

described as sulphidy, putrid, sour-sink and cabbage-like. 

Precursors of some of the volatile sulphur compounds are known. The precursor for 

hydrogensulphide production by fish spoilage bacteria was shown to be the sulphur 

containing amino acid cyst( e )ine, while -methionine was the precursor of both· methanethiol 

and.dimethylsulphide (Herbert and Shewan 1976). 

The following reaction leading to hydrogensulphide production was suggested by Chatagner 

and Sauret-Ignazi (1956) (c.f Herbert and Shewan 1975): 

3 cysteine ~ NH3 + pyruvic a.cid + H2S + cystine 

Methionine is decomposed through a two step reaction (Segal and Starkey 1969): 

Methionine ~ NH3 + ketomethyl mercapto butyric acid ~ methanethiol + keto butyric acid 

(By further oxidation halfa mole dimethylsulphide(and carbondioxide and water) can be 

formed from .methanethiol). 

Precursors and mechanismsof production of severalvolatile .sulphur compounds are not 

clear, and chemical rea.ctions transforming microbially produced sulphur compounds into 
other sulphur compoundscould also be involved. Lee andSimard (1984) detected 

methanethiol after growth ofLAB .in differentagar media, andsuggested areaction between 
-produced hydtogensulphide- and- free -methioniile to·beresponsiblefor the detected 

methanethiol. 

The bacteria examined by Herbert and Shewan (1976) were spoilage bacteria of aerobic ally 

stoted cod and belonged to the generaPseudomonas and Alteromonas includingstrains now 

c1assified as Shewcinelliiputrefaciens. These genera do notdevelop-during-storageoflightly 

salted lumpfish roe (see section 4.4.1). The ability to produce hydrogensulphide from cystein 
is however distributed among many other bacteria, inc1uding some of concem in lightly 
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salted lumpfish roe. The production ofvolatile sulphur compounds by potential spoilage 

organisms of lightly salted lumpfish roe is discussed in more detail in section 4.6. 
In this project several different volatile sulphur compounds have been detected in the 

headspace ofnaturally spoiled lightly salted lumpfish roe. Opposed to the other spoilage 

indicators examined, volatile sulphur compounds in the roe headspace does seem related to 
the odour charactedstics ofthe spoiled roe products (paper 2). 

Due to the cabbage-like, sulphidy nature of off-odours detected in heavily spoiled roe 

products (see section 4.2), volatile sulphur compound analysis was performed on roe 

products exhibiting different degrees of spoilage. The results are shown in table 4.2. A 

relation seem to exists between volatile sulphur compounds and the degree of spoilage. In 

spoiled batches (6, 7 and 10) four compounds were detected, while in the non-spoiled and 
borderline batches two.or more ofthe compounds were detected in smaller amount or not 

detected at all. 

Table 4.2 Odour characteristics and volatile sulphur compounds of six batches oflumpfish 
roe (pH 5.4 and 3.5 - 4.8 % WPS) after vacuum packed storage for two and a halfmonths at 
5°C (data from paper 2). 

Batcll 6 7 8 9 10 11 

%-rejection JOO 100 50 25 75 25 

Odour sulphidy, sulphidy, sour (rotten, sulphidy, (sour, 
green/hay, sour, rotten (borderline ) acceptable) rotten green, 
sour, rotten rotten, 

acceEtable l 
Volatile 
suJphur 
rompounds: 
H2S +1) + (+) + (+) 

. C~2) + 3) + + (+) 
CH3SH + + (+) + + 
CH3CH~HI + + (+) + + 
CH3SCH3

4
) 

l) +: The compound detected, (+): Peak area max. 25 % ofthe largest peak area ofthe same compound in the 
other roe batches, - : Peak area below detection limit. 2) Likely identity. Retention time 0.64 - 0.71 min. 3) 
Overflow of the coloumn by H2S might have hidden the peak. 4) Retention times of the two standards very 
close, identity inconclusive. 
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The method does not allow direct quantification and comparison to odour thresholds, but the 

peak area of a compound can be compared to the peak area of the same compound in the 
headspace of other batches of roe. Quantitative comparison cannot be made between 

different compounds of the same batch. Thus the results represent a rough profileof volatile 

sulphurcompoundsjn_the::h~adspace,·and the main obst~~le.js tlH~J odourthresholds ofthe .~:.-... ...•. 
compounds (or combination of compounds) relevant in.off-odour ofthis particular product is 

not known. Odour threshold ab ove which a compound has a significant impact on spoilage 

odours may for example lie withili the range of concentrationsrepresented as "+" for one 
compound, and within the range of "( +)" for another compound. 

Still it can be concluded that several volatile sulphur compounds are producedduring storage 

of lightly salted lumpfish roe. When the sulphidy nature of odours of some spoiled batches, 

and the low odour threshold of several of the compound s are considered~ volatile sulphur . 
compounds are likely to be relevant in spoilage of lightly salted lumpfish roe, and worth .. 

further investigation. 

Indole concentration have not been much studied as a spoilage indicator. Some reports 
however suggest, that indole formation can play a role in spoilage of certain foods. Giaccone 

et al. (1994) concluded that indole is areliable indicator of sensory and hygienic quality of 
bovine tripe, and attributed the increase of indole concentration to growth of Entero­

bacteriaceae. Dainty (1996a) mentioned some unpublished results showing, that a case of 

unusual spoilage in vacuum-packed ham was caused by aMorganella morganii, which 
produced both indole and hydrQgensulphide. Off-odours due to indole are by Whitfield and 

Tindale (1984) described as faecal and moth ball-like (threshold 300 Ilg/kg). 
As one mole of indole is produced from one mole of tryptophane (Whitfield and Tindale 

1984), it can be calculated, that 0.05 mg/IOO g tryptophane is needed for 300 Ilglkgind()le to 

be formed. Tryptophane c~ncentration is in desalted roe ready for production: 0.7 - 2.1 
mg/l00g, (based on data shown in table 5 of note l). Through the further reactions skatole 

can be fonned exhibiting faecal odours (threshold IOllg/kg) (Whitfield and Tindale 1984). 

During storage oflightly salted lumpfish roe inoculated withMorganella morganii faecal 
odours developed among others at an early stage~ before volatile sulphur compounds could 

be detected (seesection 4.6.1). Indole and skatole wasnot determined in this project, but can 

be suggested included ili future studies of spoilage reactiori~f due to growthof MorganelIa 

morganii. 
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4.6 Potential spoilage organisms 

By comparison of flora composition of stored roe products exhibiting different odour 

characteristics, indications canbe obtained on which organisms may be important in 

spoilage. 

In table 4.3 eleven batches of stored roe products aregrouped according to their odour 

characteristics. The odour groups corresponds to those described in section 4.2. 

Tabte 4.3 Off-odours and counts of LAB and Enterobacteriaceae of eleven batches of lightly 
salted lumpfish roe (pH 5.4,3.5.- 4.8 % WPS, vacuum packed and stored at 5°C). Batch 1 - 5 
had been stored for three months, batch 6 - 11 for two and a halfmonth. For definition of 
groups see table 4:1 and paper 3. (Data from paper 2 and 3). 

Odours 

Veryweak 

Sour, marinated, 
rotten 

Sulphidy or cabbage­
like, sour, rotten 
greenlhay 

%-rejection Batch Enterobacteriaceae 

10-25 

37-53 

50 

73 
100 
75 

'log cfulg 

Il) ~ 5 
9,11 2} ~5 

6.5 (group 1, 2) 
6.9 (group 1) 
6.6 (group 2) 
5.5 

6.9 (group 1, 3) 
5.3 - 5.8 
5.8 

LAB 
log cfulg 

6.9 (group Al, Bl) 
7.3 - 7.6 

7.2 (group A2, Bl) 
6.7 (group A2, Bl, C) 
7.1 (groupA2, Bl) 
7.7 

7,1 (group A2, B2) 
8.0-8.1 
7.3 

l) And 6.1 log cfu/g Vibrio spp. 2) Counts of batch 6 - 11 were obtained on selective agars. 3) And 6.1 log 
cfu/g Vibrio spp. 4) And 5.5 log Cfu/g Vibrio spp. ' 

In general LAB counts were at a levelof around 7 log cfu/g regardless ofthe odour 

characteristics ofthe stored roe. In the heavily spoiled batches 6 and 7, however higher 

counts of around 8 log cfu/g were noted. As Enterobacteriaceae counts were low in those 

batches, spoilage by LAB were indicated. The results of those particular batches should 

however be interpreted with precaution, as this roe may have been spoiled for some time (%­

rejection 100) when analysed. As earlier dlscussed, the counts ofEnterobacteriaceae on 

selective agar tended to be lower than on non-selective agar. Among LAB, the group B2 also 

draws attention, as it was only detected in the heavily spoiled batch 2. 
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In none of the batches with very weak odours, growth of Enterobacteriaceae had occurred (~ 

5 log cfu/g). When roe batches ofwhich the composition ofEnterobacteriaceae were known, 

was compared, the results indicated, that group 3, MorganelIa morganii (spoiled batch 2) 
may be able to produce more offensive odours at similar counts, than the group l and 2, 

Serratia spp. (horderline batches 3 - 5). 

The highest count of Vibrio spp. was detected in the non-spoiled batch l, and Vibrio spp. 

were not detected in borderline batch 4 and spoiled batch 2, indicating that those organisms 

were unimportant in spoilage of the roe. 

Spoilage potential of the three groups of bacteria was further examined, and is discussed in 

the following sections. 

The spoilage potential ofpure cultures ofbacterial isolates from stored roe products was 

examined in two inoculation experiments by the determination of produced off-odours and 

volatile sulphur compounds. Pasteurised lightly salted roe made from normal desalted roe 

was used as a model system. This system was preferred to heat treatedjuice, due to the 

absence of dilution, the milder heat treatment and the structural similarity to normal roe 
produets. -16stta:ifis-were inoculated-into the roe (4 ;.; 5 log cfu/g) representing allthe-groups 

and subgroups oftable 4.1. Two MorganelIa morganii produced strong off-odours (see 

section 4.6.1) and two Carnobacterium spp. produced weak off-odours (see section 4.6.2). 
For the remaining 12 strains very weak off-odours were occasionally detected during storage 

(103 days in total) without ~y systematic relation to neither storage time nor viable counts. 

The counts of all 12 strains were between 5,8 and 7.3 log cfu/g at the end of storage (paper 
3). 

As a majority of strains failed to produce off-odours, lightly salted roe products made from 

sterile roe obtained from newly killed lumpfish was inoculated in a second experiment 
(paper 3). This was done in the lack of a better model system, in order to avoid the heat 

treatment, despite the fact that fresh roe is not used in the normal production. The removal of 

roe form the fish is complicated by the lotation of the roe sacs right next to the intestines, 
and by their "non-solId" nature, which is difficult to handle. Consequently a low levelof 

contamination « l log cfu/g) occurred in several roes, developing into high levels during­

storage. Therefore only a few resultson roe inoculated with Enterobacteriaceae are available 
from that experiment (see section 4.6.1). 

4.6.1 Enterobact~riaceae 

Enterobacteriaceae are generally considered organisms of a high spoilage potential. Wlien 

carbohydrates are exhausted and amino acids attacked, sulphur compounds can. be produced 
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and in addition acids and amines from decarboxylation of amino acids as reviewed by Gill 

(1986). 

Hydrogensulphide production from cysteine is common among Enterobacteriaceae (Cowan 
1974). Production ofvolatile sulphur compounds by differentspecies ofEnterobacteriaceae 

are frequently reported, and members of the fåmily are therefore believed to ,contribute to 
spoilage of vacuum packed meat at certain conditions favouring their growth (Edwards and 

Dainty 1987, Gill1986, Dainty and Mackey 1992). 

Morgane/la morgan ii 

Unpublished results showing hydrogensulphide production in vacuum packed ham by 

Morgane/la morgan ii has been mentioned by Dainty (I'996a). The organism als o produced 

methanthiol (Dainty 1996b). Production ofvolatile sulphur compounds by related organisms 

ofthe genus Proteus, which at that time included Proteus morganii (now Morgane/la 

morganii, Brenner 1984) has also been reported. Segal and Starkey (1969) showed 

production of methanethiol from methionine by Proteus vulgaris, and Proteus inconstans 

have been reported to cause an unusual kind of spoilage ofvacuum packed sliced bacon due 
to production ofmethanethiol and "cabbage odour" (Gardner and Patterson 1975). 

In th~ present study, pasteurised roe inoculated with two different Morgane/la morganii 

(isolates F39-1 supsp. sibonii (section 4.4.1) and E5 subsp. morganii (note 3)) was rejected 

after one week, due to off-odours described assulphidy, faecal and greenldecaying grass 

(counts ofF39-1 were 5.8 log du/g and ofE5 5.4 log cfu/g), but no volatile sulphur 

compounds were detected (paper 3). 

After three weeks as the roe was heavily spoiled (rejected due to strong sulphidy, cabbage­
like, faecal, sewer-like off-odouts by all panellists) counts had reached levels of7.4 (F39-1) 

and 6.9 (E5) log cfu/g. Several volatile sulphur compounds were detected and identical 

profiles were obtained for the two strains (figure 4.2 A, see also table 4.4). As perfectly 

detectable amounts of four volatile sulphur compounds were earlier detected in a non­

spoiled roe produet (batch II,table 4.2), the absence of at least those compounds at firs~ off­

odour detection in pasteurised roe with Morgane/la morganii, was not likely to be due to 

inadequacy ofthe sulphur compound analysis. 
Morgåne/la morganii (F39-1) caused rejection oflightly salted lumpfish roe made from fresh 

roe at counts of 6.3 log cfu/g, but odours were transient, and the storage was continued. 

Whencounts had reached7.3 log cfu/g odours were described as cabbage-like, sulphidy and 

sewer-like, and several volatile sulphides were detected (figure 4.2 B, table 4,4). 

From these experiments it can be concluded that Morgane/la morganii produced sulphidy, 

cabbage-like, faecal off-odours and several volatile sulphur compounds in both pasteurised 

and fresh roe at counts of 6 - 7 log cfu/g. In the naturally spoiled batch 2 (cabbage-like, 
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Figure 4.2 •. Chromatograms ofvolatile sulphur compounds in headspace gas (3 ml gas irijected) 
from spoiled lightly salted roeinoculated with MorganelIa morgan ii (F39-1} In headspace gas 
from corresponding sterile controls.only traces were detected. A: Pasteurised roe product (3.6 % 
WPS). B: Roe produet offresh sterile roe (3.0 % WPS). The products were vacuum packed and 
stored at 5°C, pH was 5.4. 
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ammonia-like, fruity, rotten (table 4.3), from which F39-1 was originally isolated, counts of 

MorganelIa morgan ii were 6.4 log cfu/g (table 4.1), thus at a similar level. 

The profiles of sulphur compounds produced in the two types of inoculated roe were not 

identical, and may be influenced by several factors including variation in salt concentration 

and storage times among experiments, and by unknown effects of the difference in roe 
substrate. The relation to profiles of sulphur compounds in naturally spoiled roe, and the 

significance of available precursors for the production is discussed in section 4.8. Off-odours 

were in both types of roe detected hefore the volatile sulphur compounds, and other volatile 
compounds are likely to contribute to the spoilage odours. One suggestion to explain the ' 

faecal odours is the formation ofindole from tryptophane, as discussed in section 4.5.6. 

Serratia spp. 
Serratia liquefaciens readily produced off-odours, and appeared to be the major cause of 

spoilage'in DFD meat (Gill and Newton 1979). The end products responsibiefor the off­

odour were however not examined in that study. Production of spoilage odours by Serratia 

liquefaciens was likewise reported by Patterson and Gibbs (1977), who also detected 
hydrogensulphide production by the organism, when inoculated into vacuum-packed high pH 

meat at 4°C. 

When inoculated into pasteurised roe none ofthe Serratia spp. (three Serratia liquefaciens 

and three Serratia plym uth ica ) caused rejection of the roe during 103 days at 5°C (paper 3). 

Counts oftwo strains (one of each Serratia spp.) did not exceed 6.4 log cfu/g, while the 

remaining four strains reached maximum counts between 7.0 and 8.0 log cfu/g in two weeks. 
Two different Serratia liquefaciens (86 % similarity in numerical taxonomy analysis, paper 

3) were successfully tested in lightly salted lumpfish roe made from fresh roe. 

Serratia liquefaciens (F38-1) grew to 6.5 log cfuJg in two weeks, and did not cause rejection 

ofthe roe. Serratia liquefaciens (F50) caused rejection due to off-odours described as sour, 

sulphidy and faecal at counts of 8.0 log cfu/g. Only very small amounts of an unidentified 
sulphur compound not detected in naturally spoiled products, was noted (table 4.4). Thus 

Serratia liquefaciens (F50) is able to produce off-odours similar to those observed in 

naturally spoiled products, butat considerably higher counts. Since Serratia liquefaciens was 

inoculated in pure culture, a competitive flora of aro~nd 7 log cfu/g ofLAB typical to the 
normal products, was not present. It is possible, that higher counts can be obtained at such 

, conditions, before a shift in substrate utilisation from a limited amount of carbohydrate to 

amino acids is necessitated. Still therole in spoilage by Serratia 'spp. needs further 

investigation"with special emphasis on identification ofvolatil~ compounds responsibie for 
the off-odours, and factors affecting their production. Longer cha:ined acids, than analysed in 

thi s study, and various amines, both originating from amino acid breakdown (E skin et al. 

1971) could be examined in future experiments. Among amines production ofputrescine and 
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cadaverine by Serratia liquefaciens as reported in vacuum packed meat by Dainty et al. 

(1986) could be considered. 

4.6.2 Lactic Acid Bacteria 

Some LAB are able to produce hydrogensulphide from cysteine. An often quoted example is 

Lactobacillus sake, that caused spoilage ofvacuum-packed meat by hydrogensulphide 

produetion (Shay and Egan 1981 and Egan et al. 1989). Truelstrup Hansen (1995) likewise 
showed hydrogensulphide produetion by a Lb. sake during growth on cold smoked salmon. 

Otherreports indicate the ability among certain Lactic Acid Bacteria to produce 

hydrogensulphide during extended storage of meat in anaerobic atmospheres, when glucose 
is depleted (Borch et al. 1996). Leisner (1992) found, that the majority ofLAB strains from 

vacuumpacked gravad fish were able to produce hydrogensulphide from cysteine at- 4°e in a 

laboratory medium. Lee and Simard (1984) found that most of 41 Lactobacillus strains were 

able to produce hydrogensulphide in laboratory media. In one caseproduction ofvolatile 

sulphur compounds other than hydrogensulphide has been reported. Edwards and Dainty 
(1987) mentioned unpublished results showing that some-meatstrainsof-I::;actic-Acid--------- . 

Bacteria could produce dimethylsulphide during growth on normal pH meat. However no 
details were given on the experiments, the mechanism of produetion or the possibie 
significance of this ability in spoilage., 

Gram and Huss (1996) mentioned some preliminary results showing that a shelf life 

extension could be obtained of cold smoked salmon by inhibition of the LAB flora using 
nisin. This indicated that the LAB contributed in spoilage reactions, either directly by 

produetion of off-odours on their own or in interaction with Enterobacteriaceae, _ or indirectly 

by consumption of carbohydrates available in limited amounts, and thereby accelerating the 

onset of spoilage caused by other organisms. Several workers have reported only weak off­

odour produetion -by LAB strains or inoffensive off-odours of stored fish and meat pro duets 
dominatedby LAB (Leisner 1992, Edwards and Dainty 1987, Truelstrup Hansen et al. 1995, 

Magnusson and Traustadottir 1982). A domination by LAB havetherefore in generalbeen 

thought to ensure a -maxi:mum shelf life- compared to· produets, that allow groWth of bacterial 

species ofhigher spoilage potential thanthe LAB (GillI983, Gill1986, Egan et al. 1989, 
Dainty et al. 1979) .. 

. In the presentstudy five LAB were inoculated into pasteurised roe (paper 3). Two 

presumptive Carnobacterium spp. (group Bl and B2, table4.1) produced off-odours­

described by the words sour, sweet, malty, bread and fruity after two weeks of storage, and 

were both rejected by 40 % ofthe panellists (i.e. close to borderline). The counts-ofthe 

organisms were 7.0 and 6.7 log cfu/g respectively. Through the remaining 87 days of storage 
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the counts varied slightly but remained between 6.0 and 7.0 log cfu/g. The odours did not 

develop further neither in nature or strength, and the roe was not rejected. 

Cqrnobacterium sp. (group C, table 4.1) reached maximum counts of7.910g cfu/g in two 

weeks, decreasing to 7.0 log cfu/g at the end of storage. anly very weak off-odours were 

produced. The two Lactococcus spp. (group A l and A2, table 4.1) produced no off-odours, 

and maximum counts were 6.0 and 6.3 log cfu/g respectively. 

The off-odours produced by Carnobacterium spp. resembled to some extend those described 

by Truelstrup Hansen (1995). In her study sour, astringent, sweet, bumt and fruity odours 

were produced by LAB including a Carnobacterium spp. in heat sterilised salmon juice. In 

salmon·different Lactobacillus ·strains produced acidic, bumt, buttermilk~like odours 

developing into a sour and almost faecal nature, and Lactobacillus sake produced sour, 

cabbage-like, sulphurous odours in the salmon. Hydrogensulphide production by 

Lactobacillus sake in the salmon was also demonstrated. Both sour, buttermilk and sulphur­

like odours produced byLAB were described by Hanna et al. (1983). The odours were 

detected after counts had reached 8 log cfulcm2 in meat, and in general odours were not 

strong. All the strains examined by Truelstrup Hansen grew to level s of 8 log cfulg(ml) or 

higher during anaerobic incubation. Such high level s are not typical in lightly salted 

lumpfish roe, but have occasionally occurred (table 4.3). 

The off-odours (sour, sweet, malty, bread, fruity) produced by LAB (Bl and B2) in 

pasteurised roe were not sufficiently strohg to cause rejection. Sour odours were noted in 

store d naturally contaminated roe products (section 4.2), but Were also produced by Serratia 

liquefaciens. Group Bl Carnobilcterium spp. tested in pasteurised roe, was present in batch 1 

at the same levelof counts at the end of storage, that was observed in the inoculation 

experiment (table 4.1). This batch was practically without off-odour. The role in spoilage by 

Carnobacterium spp. (Bl and B2) is inconclusive. Though these organisms did not cause 

spoilage of the roe in pure culture, they may still have an impact on the over all odour of 

products in which they grow. Stutz et al. (1991) examined spoiled beefand beefinoculated 

with potential spoilage organisms from the product, and found that only halfthe number of 

volatiles found in spoiled beef were detected in inoculated beef, indicating that apparently 

less important parts of the flora might also contribute in the formation of odours. 

Based on the data obtained in the present study LAB are apparently less important in 

spoilage of lightly salted lumpfish roe, thån the Enterobacteriaceae producing the more 

offensive sulphidy/cabbage-like odours. A general conclusion ori the role ofLAB in spoilage 

oflightly salted lumpfish roe is however hindered by several obstacles. As concluded in 

section 4.4.l-a wide range ofLAB areable to grow in the roe products, and LAB not tested 

(or yet to be detected in lightly salted roe) may have other properties than the strains 
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examined in the inoculatioll experiment described in this section. Due to this greatvariation, 

a large number of different strains need~ to be inc1uded in experiments regarding spoilage 
potential ofLAB in lightly salted lumpfish roe. Another severe obstac1e is the lack of an 

appropriate sterile model system, with greater similarity to normal products produced by 

~des~lting~of heavily salted roe after s~Q~age f91~"yarious periods of time. L~did no! cause 
rejection of pasteurised roe, but neither did Serratia liquefaciens. 

4.6.3 Vibrio spp. 

Vibrionaceae isolated from fish spoiled at 20°C have been shown to produce 

hydrogensulphide from cysteine and produce off-odours when grown in fishjuice(Gram et 
al. 1987) .. 

Vib'rio spp, constitutes only a minor part oftheflora oflightlysalted lumpfish roe. One of 

the highest counts was observed in the practically unchanged batch l (table 4.1). Three 

Vibrio isolates were inc1uded in the inoculation experiment in pasteurisecl roe. The strains 

reached counts ofmaximum 6.3 log cfu/g, thus comparable to those ofthe products, and 
none-ofthe-strainsproducedany-off~odour-in -the -storage -period-of -1 03--days:-Vibrio ·spp; -are -

not considered important in spoilage of lightly salted lumpfish roe at JOC. 

4. 7 Available substrates 

It is a widely accepted fact, that growth of bacteria in both fresh fish and meat, occurs by 

consumption of water soluble su~stances such as sugars and free amino acids. Proteolysis 
does not occur until after spoilage has been recognised (Dainty et al. 1975, Lerke 1967). 

Production of the necessary exoenzymes are suppressed by readily utilised carbohydrate 

substrate, and is usually delayed until the late logarithmic phase of growth (Glenn 1976, Gill 

and Newton 1980). During the prolonged shelflives oflightly preserved fish products it is 
however not known, whether bacterial proteolysis or breakdown of peptides occur. 

The total carbohydrate fraction oflumpfish roe was notexamined in this project, but a few 

data are available on the concentration of glucose and ribose. In fivebatches of lightly salted 

roeglucose concentration rangedfroml:2 to 6:7 -mg/l OOg (table: 8 ofnote 11:"AfterJmonths 

of storage, levels between 1.6 and 2.5 mg/lOOg was detected in the five roe batches. Changes 
co uld not be detected ofthe low initial concentrations ofribose (max. 2.2 mg/lOOg, table 8 

ofnote 1). Comparedto this the glucose concentration ofmeat is 10 mg/100 g, though higher 

levels have also been reported (Gill and Newton 1978, Gi1l1986). Other carbohydratesmay 

however be available for bacterial growth: Inthe roes ofmullet (Chiou and-Konosu 1988) 

and Alaska pollack (Chiou et al. 1989a)a ghicose concentration of around 3mg/l OOg has 
been reported, while myo-inositol (21 - 22 mg/lOO g), mannitol (8 - 10 mg/lOO g) and 

mannose (around 6 mg/100 g) were present at higher concentrations. In lightly salted roe 
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carbohydrates are likely to be washed out to avarying extend during desalting as 

demonstrated for taurine (see section 3.5.2), and carbohydrate concentration must be 
expected to vary as does the concentration offree amino acids (see section 3.5.2). 

From studies with meat it is known, that carbohydrates are utilised first, then amino acids 

(Newton and Gill 1978). These authors showed that a Lactobacillus utilised glucose and then 

arginine. Growing anaerobicaIly on meat surface, a Lactobacillusproduced concentration 

gradient s of glucose and arginine, but not until maximum ceIl density is approached (Gill 

1976, Gill and Newton 1978). When glucose solutions were added to meat slices in 

inoculation experiments, the increase in maximum ceIl densities were directly proportional 

to the amount of glucose added. The authors concluded, t4at under anaerobic conditions 

limited availability of substrates determines the maximum bacterial ceIl density of meat.· In 

lightly salte d lumpfish roe similar situations of substrate limitation may occur. 

Gill (1983) calculated, that a glucose concentration of 10 mg/lOOg in meat would support 

growth to 7 log cfu/cm2 by fermentation, and after this point amino acid breakdown would 

be initiated. A shift in substrate utilisation from carbohydrates to aminoacids introduces 
additional end products including acids, ammohia, amines and volatile sulphur compounds, 

some ofwhich are malodorous (Eskin et al. 1971, Gill 1986, Dainty 1982). There are 
however deviations from this generalorder of substrate utilisation. Gill and Newton (1979) 

showed, that Serratia liquefaciens uti1ised serine in the presence of glucose. Spoilage odours 

were however not produced until glucose was exhausted and other amino acids were 

attacked. 

Theprecise range and order of substrates utilised by the bacteria growing in lightly salted 

lumpfish roe is yet to be examined. This knowledge is however necessary, if a fuIl 

understanding of the spoilage mechanism of lightly salted l umpfish roe is to be obtained. 

Such an investigation could also reveal the significance ofbacterial interaction in terms of 

competition for substrates. For example LAB could contribute to spoilage in an indirect 

manner by utilising carbohydrates, and forcing other bacteria into artacking amino acids at 
an earlier stage. LAB could also benefit from compounds released during growth of 

Enterobacteriaceae, and thereby contribute to spoilage, which would not be recognised for 

LAB grown in pure culture. An example of such interactions was reported by Borch et al. 
(1996). Spoilage off-odours typical for the product developed in sterile vacuum packed meat 

(4°C), when a LAB mixture were inoculated together with Hafnia alvei. Off-odours of a 

different nature developed, when the LAB mixture was inoculated alone. 
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4.8 Volatile sulphur compounds~ preciIrsors and signifleanee in off-odour 

The volatile sulphur compounds detected during this project in spoiled roe products are 

summarised in table 4.4. Hydrogensulphide was detected in three naturally spoiled batches of 

~..::::roe~~ft~r tw()aJ:ld a half months at-?~~C {~~ also table 4.2} The conce~!~a!io~~ cyst( e )ine,' 
precursor of hydrogensulphide, in the roe is: 

Desalted roe: not detected (n.d.). Fresh roe: min.: n.d., maximum 0.6 mg/IOO g (calculated 

from data shown in table 5 of note l). 

The odour threshold ofhydrogensulphide is by Be1itz and Grosh (1987) reported to be 5 ~gll, 

while 'Shewan and Murray (1979) reported 40 ~g/l to exhibit slighthydrogensulphide odour. 

When 3 moles of cysteine leads to l mole ofhydrogensulphide (see section 4.5.5) this 
means, that 0.04 mg/IOO ml cyst(e)ine is needed for 40Jlglkg ofhydrogensulphide to be 

formed. Higher concentrations than this have beendetected in some fresh roes, while in 

others and in the desalted roe used for production, the concentration was below detection 

limit. Some of the cyst( e )ine consumed by bacteria is probably also directly incorporated 

into the gro wing cells, and not all converted to hydrogensulphide as discussed by Herbert 
and Shewan (1975). It is fromthe 'calculation-not'possible-to-eonelude;-whether-sufficient_o, 

amounts ofprecursor is available in the roe products (produced from desalted roe),·for 
hydrogensulphide to reach concentrations of significance in off-odours. 

Hydrogensulphide was not detected in pasteurised desalted roe and lightly saltedroe made 
from freshroe, inoculated with Enterobacteriaceae (tab le 4.4). This difference may, apart 

from being caused by differences among experiments (e.g. salt concentration), indicate that 

hydrogensulphide in naturally spoiled roe was produced by other bacteria (LAB, Vibrio spp.). 
Still the lack of hydrogensulphide production by the Enterobacteriaceae was indeed 

unexpected (see section 4.6.1), and another explanation can be suggested. Ifthe reason was 

in fact lack of sufficient amounts of cyst( e )ine in the inoculation experiments, then the 
hydrogensulphide production in naturally spoiled products, was made possjble by additional 

sources of cyst(e)ine. Autolyticai (or microbial) liberation of cyst(e)ine fromproteinsl 

peptides during,storage ofthe products is a likely source. In the pasteurised roe autolysis did 

obviously not occur, and in both inoculation'experimentsthe-storage time'wasmuch'shorter 

than in natural spoilage (tab le 4.4). 

It hashowever not been shoWn, that the amounts of hydrogensulphide detected was in fact 

significant in the odours of naturallyspoilegproducts.Off-odours similar to those of spoiled 

products were produced by MorganelIa morganiiwithout production of hydrogensulphide. 
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Table 4.4. Overview ofvolatile sulphur compounds detected in the headspace ofnaturally spoiled and spoiled inoculated lightly 
salted lumpfish roe products. The ro~ was vacuum packed in glass j ars and stored at5°C. +: The compound detected. +: Compound 
not detected/amounts negligible. 

Roe products . Naturally spoiled Spoiled Iightly salted roe inoculated with Enterobacteriaceae (from sec. 4.4.1) 

(from sec. 4.5.5) 
Normal produets Pasteurised roe produets Fresh roe produets 
stored 2Yz months stored 3 weeks stored 2 weeks . 

SpoiIed batches MorganelIa MorganelIa ' Serratia liquefaciens MorganelIa 
6,7 and 10 morganii F39-1 morganii ES FSO morganii F39-1 

Salt, % WPS 3.5 and 4.5 3.6 3.6 3.5 3.0 

Off-odour Sulphidy,' green, Sulphidy, sewer-like, Sulphidy, cabbage-like, Sour, sulphidy, faecal Sulphidy, sewer-like, 
decaying hay, sour faecal, cabbage-like faecal S) . faecal, cabbage-like 

Hydrogensulphide 

HzS + 
Carbondisulphide 
CSz l) + ~ + 

Methanethiol 
CH3SH + + + ..,. + 
Dimethylsulphide Z) '. 

CH3SCH3 or 
E'thanethiol + ~ ~ + 
CH3CHzSlI 
DimethyldisulphideZ

) 

CH3SSCH3 or 
1,2 Ethanedithiol ~ + + ..,. + 
HSCHzCHzSH 

U nidentifled 3) + + 
._~~---- ~~._--- ~------- --- -

1) Likely identity, retention time 0.64 - 0.71 min. 2) Retention times oftwo standards equally close, identity inconclusive. 3) PossibIe identity according to 
retention time ofstandard (18.01 min.): 1,4 butanedithiol (HS(CH2)4SH), other possibilities exists in this area. 4) Overflow ofthe coloumn by H2S might have 
bidden the peak of CS2. 5) Very small amounts of an unidentified larger compound. Retention time 25,5 min. 
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Methanethiol was produced in naturally spoiled roe and in both fresh and pasteurised roe 

inoculated with MorganelIa morganii (table 4.4). The concentration ofmethionine, the 
precursor of methanethiol and dimethylsulphide production, in the roe is: 

Desalted roe: min. n.d., max. 0.1 mg/IOO g. Fresh roe: n.d. (calculated from data shown in 

.• table 5 ofnote l). ' 

The threshold value ofmethanethiol is reported to be 0.02 ~g/l by both Belitz and Grosh 

(1987) and Guadagni et aL (1963), while threshold value for cabbage-like odour to be 

recognised is reported to be 0.2 ~g/kg food (Whitfield and Tindale 1984). Shewan and· 

Murray (1979) reports the threshold of slight sour and sulphide odour to be 0.5 ~g/l in 

aqueous solution, while slight cabbage odour is recognised at 0.7 Jlg/l. 

Even ifthe value ofO.5 ~g/kg is used for calculation, methionine concentration needed (l.6 
x 10-4 mg/IOO g) is below detection limit in the amino acid analysis, and maximum 

methionine concentration detected in desalted roe is more than 500 times thisvalue (one 

mole ofmethionine leads to one mole ofmethanethiol, see section 4.5.5). As earlier 

mentioned part of the methionine is oxidised during analysis, and detected coticentrations 

may be too low. In addition liberation of methionine was shown to occur during storage of 
heavily salted roe (section 3.5.2); andcould beproceeding-in-the-products, as-suggested for 
cyst( e )ine . 

. Regarding the remaining sulphur compounds listed in table 4.4, their exact identities rieeds 

to be determined. In future studies it should also be investigated whether cyst( e )ine and 
methionine are in fact the precursors of all the volatile sulphur compounds detected during 

storage of lightly ,salted lumpfish roe products. The sulphur containing compound taurine, 

that is present in the roe in far higher concentration, than any regular amino acid, was not 

attacked by the fish spoilage bacteria examined by Herbert an~ Shewan (1975), but can be 
utilised by Escherichia coli as a sulphur source (Ploeg et al. 1996). It should be examined, 

whether members ofthe Enterobacteriaceae flora oflightly salted lumpfish roe are able to 

utilise this compound and if so, which end products are produced. 

Future studies should firstof all aim to identify the volatile sulphur compounds important in 

spoilage odours. Indications could be obtained by odour assessments of roe products with 

known'standards ofvolatile sulphur compounds. The use of quantitativeanalysis is also --~ 

needed in order to allow direct comparison to odour thresholds of the compounds. Based on 
the obtained results, it is however likely, that other volatile compounds are contributing to 

the sulphidy, cabbage-like, greenlhay, totten and sour spoilage odours detectedin spoiledroe 

products. 
Stutz et al. (1991) concluded that theputrid, sulphidy spoilage odours ofground beefrather 

than'one specific compourid, best could be ascribed to a "volatile compound profile" , 

including volatile sulphur compounds, esters, ketones andaliphatic hydrocarbons. Several 

different combinationsof compounds were described as having a sour odour. 
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4.9 Summary and conclusions 

Lightly salte d lumpfish roe, that spoiled during storage at 5°C, did so due to off-odours 

resulting from bacterial activity.·The overall quality ofthe product was however influenced 

by rancidity, developing during storage ofheavily salted roe prior to production. 

Off-odour development was highly variable among batches of lightly salted roe. After 

storage both: l) practically unchanged roe products, 2) borderline and rejected roe products 

(sour, marinated, rotten) and 3) heavily spoileel roe products· (sulphidy or cabbage-like in 

different combinations with rotten, sour, green/hay, fruity and ammonia-like) were noted. 

The total viablecounts of stored lightly salted lumpfish roe were in general around 7 log 

cfu/g, while 8 cfu/g rarely occurred. The microflora was shown to be dominated by LAB or 

LAB and Enterobacteriaceae, while Vibrio spp. composed a minor part. 

The LAB flora included a wide range of organisms able to grow in the products. Probably 

due to the combination of pH and salt concentration, the Enterobacteriaceae flora were more 

uniform, and dominated by Serratia spp. (Ser. liquefaciens and Ser. plymuthica), withless 

frequent occurrence of different subspecies of MorganelIa morganii. Other genera of 

Enterobacteriaceae were rarely observed. A salt concentration of 4 % WPS was shown to be 

close. to the limit of growth in roe extract of most of the Serratia spp. In roe products with 

> 4 % WPS, Enterobacteriaceae were only occasionally able to grow (> 5 log cfu/g). 

Several potential chemical spoilage indicators have been analysed. The following 

compounds are concluded to be without value as indicators of spoilage in lightly salted 

lumpfish roe: Trimethylamine (TMA) (no increase, lowinitiallevel ofTMAO), total volatile 

bases/ammonia (TVB) (uniform increase among spoiled and non-spoiled roe batches), 

nucleotides (low level after storage), lactic acid (only slight increase), acetic acid (low level 

after storage), formic and propionic acid (undetectable). 

Volatile sulphur compounds were produced during storage of lightly salted lumpfish roe 

(H2S, probably CS2~ CH3SH and CH3CH2SH or CH3SCH3). Different profiles ofthe 

compounds (semi-quantitative measures) were obtained amongroe batches, and more 

compounds orlarger amounts were detected in spoiled compared to borderline/non-spoiled 

roe. Volatile sulphur compounds are.concluded to be likely contributors in spoilage odours. 

Two different MorganelIa morganii isolated from spoiled produets, were shown to produce 

several volatile sulphur compounds during growth in a lightly salted pasteurised roe product 

made from normal desalted roe, and in lightly salted roe made from fresh sterile roe. The roe 

wasrejected at MorganelIa morgan ii counts below 6 log cfu/g, but volatile sulphur 

compounds were not detected until counts of6 -7 log cfu/g were reached. The off-odours 
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produced were described as sulphidy, sewer-like, faecal and cabbage-like. At o.riginal 

iso.latio.n fro.m naturally spo.iled roe (cabbage-like o.do.urs) the co.unts o.f o.ne o.f the strains 

were 6.4 lo.g cfu/g, and MorganelIa morgan ii isco.ncluded to. actas a spo.ilage o.rganism, 

when present in lightly salted lumpfish roe. One suggestio.n fo.r future studies aiming to. 

explain the faecal o.ff-o.do.u_!s p!o.Euced by _MorganelIa morg~!,!p,--is t~~ analysiso.f 

indo.le/skato.le. It has bee]1 calculated, that well o.ver sufficient amo.unts o.f free trypto.phane is 

available in the roe, fo.r the o.do.ur thresho.ld o.f indo.le to. be exceeded. 

Serratia liquefaciens and plymuthica iso.lates were likewise tested in pasteurised roe, and 

produced weak o.r no. o.ff-o.do.urs. In fresh roe o.ne Serratia liquefaciens produced so.ur, 

sulphidy and faecal o.ff-o.do.urs, but at co.unt o.f 8 lo.g cfu/g no.t o.bserved in naturally 

co.ntaminated products. Only small amo.unt o.f an unidentified sulphur co.mpo.und, no.t 

o.ccurring in naturally spo.iled products, was detected. ·Amo.ng no.rmal roe products sto.red fo.r 

three mo.nths, roe batches with an Enterobacteriaceae flo.ra co.nsisting o.f Serratia 

liquefaciens and/o.r Serratia plymuthica, were all clo.se to. bo.rderline and described as So.Ul, 

marinated and rotten. 

It is -co.ncluded that Serratia-spp.- are-likelyto.eontribute -in-spo.ilage-ofJightly salted-- ---- ----­

lumpfish roe, but the end products responsibie fo.r the ~ff-o.do.urs are yet to. be jdentified: 

Amo.ng the LAB o.nly two. Carnobacterium spp. produced o.ff-o.do.urs in pasteurised roe. The 

o.do.urs were described as smir, sweet, malty, bread and fruity, and were no.t sufficiently 

strong to. cause rejectio.n o.fthe roe .. 

Amo.ng normal products, roe batches with do.minatio.n by LAB (Enterobacteriaceae < 5 lo.g 

cfu/g) have in no. case been rejectable after three mo.nths o.f sto.rage. Still unusually high 

co.unts (8 lo.g cfu/g) o.fLAB have been o.bserved in two. spo.iled roe batches with 

Enterobacteriaceae co.unts belo.w 6 lo.g cfu/g. Tho.se results .are ho.wever difficult to. interpret 

due to. the .cho.ice o.f agar, and du~ to. the fact that the %-rejectio.ns were as high as 100 %, 

and the roe may have been spo.iled fo.r so.me time aiready . 

LAB are co.ncluded to. be less impo.rtant inspo.ilage o.f lightly.salted lumpfish roe than the 

Enterobacteriaceae. As a wide range o.fLAB are able to. gro.w in the products,·o.therLAB 

than tho.se testedirrthis proj~ct mighthave o.therproperties-; includingcdifferent spo.ilage­

potentiais. The role. o.fLAB in spo.ilage, including their interactio.n with Enterobacteriaceae, 

is no.t clear. LAB may co.ntribute directly in spo.ilage reactio.ns by utilising substrates 

liberated by Enterobacteriaceae, o.r indirectly by acting as co.mpetito.rs fo.r available 

substrates. 

Vibrio spp. co.mprising a mino.r part o.fthe flo.ra,is co.ncluded to. be unimpo.rtant in spo.ilage 

o.f lightly salted lumpfish roe. 
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It is concluded from the results discussed in this chapter, that a fully satisfactory sterile 

model system imitating lightly salted lumpfish roe is yet to be developed. The product differ 

from most other lightly preserved fish products by the long storage of the roe prior to 

prodlictidh. The significance in spoilage reactions of the variation among roe batches in 

concentration of various soluble compounds introduced during storage and processing, is 

unknown. Likewise the role, if any, of autolyticai and/or bacterial proteolysislbreakdown of 

peptides occurring during storage of the final products needs to be examined. 

Knowledge on the range and order of substrates utilised by different parts of the microflora 

in natural spoilage, is necessary to obtain an understanding of the spoilage mechanism. 
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Chapter 5. Potential·safety hazards of Iightly salted lumpfish roe 

5.1 Introduction 

._. 

In this chapter safety hazards of lightly salted lumpfish roe wiIl be evaluated, with special 

emphasis oh pointing outpathogenic bacteria, which pose a risk to the consumer, ifthe 

product is not additionally preserved. It is also intended with this chapter to provide 

information of general use for the industry in the production of lumpfish roe products. 

Lightly salted roe was defined in chapter 1 as having a salt concentration of 4 % WPS and a 

pH of 5.4 (0.1 % lactic acid). The product is vacuum packed in (air-proot) glass jars, and 

stored at 5°C. The intended shelf life was defined to be three months. As with other lightly 

preserved fish products, the long shelf life creates an increased risk of growth of 

psychrotrophic pathogenic bacteria. In addition the product is a "ready to eat product" , that 

receives no heat treatment before consumption. 

Lightly salte d lumpfish roe is produced by the standard procedures illustrated in figure 2.2. 

Briefly repeatedthose includes removal ofroe sacs - screening into loose eggs - heavy 

salting - storage in plastic barrels at +5°C (::; one year) - desalting by water addition and 

drainage - addition of acid - packaging. When this enti~e line of processing is considered 

regarding possibie sources ofpathogenic bacteria, it is noted, that both indigenous bacteria 

from the marine environment, and non-indigenous bacteria from multiple sources during 

several handling/contactsteps can be introduced in the roe. It is also noted, that the roe 

receives no bactericidal treatment during processing. Qnlya few ofthe processing steps 

listed above may slightly influence the size of the population aiready present. This is that 

some bacteria may not survive the Ion g storage of heavily salted roe, and during desalting a 

reduction in numbers can be expected. 

Consequently the evaluation of safety hazards in the foIlowing sections is based on the 

general assumption, that pathogenic bacteria, once intro duc ed, are present in the final 

product. It is also based onthe assumption, that their initial numbers are low, and occasional 

cases of excessive cOIitamination with specific bacteria or excessive temperature abuse (lack 

of cooling) are not considered. 

In the last sections of this chapter other hazards due to viruses, parasites and biogene amines 

are briefly evaluated. 
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5.2 Indigenous bacteria 

As lumpfish are caught in a colder climate along the coasts ofthe North Atlantic, potentially 

pathogenic, psychrotrophic bacteria are of specialconcem. Their initial numbers can be 

greatly reduced by good hygienic and time/temperature practice during the initial processing 

steps until salting. The roe is sterile until removed from the fish (Trust 1974, paper 3). 

Presence of low numbers of indigenous pathogenic bacteria in the final products must 

however be considered unavoidable in practice. Consequently control of these bacteria 

depends on theprevention oftheir growth in the final products. 

5.2.1 Clostridium botulinum 

Clostridium botulinum type E and non-proteolytic type B and F are of special cQncem due to 

their psychrotrophic nature. Type E is the most prevalent in our part of the world, and has 

been reported in marine sediments along the coast ofGreenland and Canada (Atlantic), in 

Scandinavian waters and in the North Sea, thus at catching locations for lumpfish. Type E 

has also been shown to dominate largely among positive samples of marine fish from waters 

around Scandinavia (Huss and Pedersen 1979, Huss 1981). 

Clostridium botulinum causes botulism, which is a serious; sometimes lethal (5 - 15 % in 

most.countries) intoxication by preformed toxin (Hauschild 1989). 

Non-proteolytic Clostridium botulinum (type E, B and F) growat a minimum temperature of 

3.0 - 3.3°C, at a minimum pH of 5.0 and at maximum salt concentrations of 3 - 5 % (Graham 

et al. 1997, Hauschild 1989, Hazzard and Murell1989, Huss 1981, Huss 1994, Kim and 

. Foegeding 1993). With the combination of 10°C and 3 % WPS in hot-smoked trout, toxin 

production by Clostridiumbotulinum type B, E and F (2 log cfu/g) could be avoided during 

storage for 30 days (Cann and Taylor 1979). In a recent study Graham et al. (1997) defined 

growth/no growth boundaries for Clostridium botulinum type B, E and F (inoculated to 4 log 

cfu/g in a strictly anaerobic medium) based on growth at different combinations of 

temperature, pH and salt concentration. According to their results, at 5°C the combination of 

4 % WPS and pH 5.4 in lightly salted lumpfish roe is well beyond the limits of growth 

(visually observed turbidity) in a three months period. Storage at 1qoC would apparently also 

be safe, but the margin is narrow, and much dependent on the pH (growth and toxin 

production occurred in 7 weeks by type B at pH 5.7 and 4 % WPS). 

The authors question the margin of safety in the recommendation by the UK Advisory 

Committee onthe Microbiological Safety ofFood (at least 3.5 % salt in products store d at 

below 10°C for more than 10 days), as growth in their study was detected at 4 % salt in 11 

weeks at 5°C (type F, 12 weeks for type B) and in 2 weeks at 8°C (type F, 3 weeks for type B 
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and E). At 4.5 % salt growth was detected in 6 weeks at goC (type E and F, 9 weeks for type 

B) (all at neutral pH). In several ofthese cases, toxin production was also detected. 

Predictions of growthofnon-proteolytic Clostridium botulinum has been obtained using 

Food MicromodeJ (1\11Qn. 1996).Predicted growth-~.l.!ryes ~Lvarious conditions are sho~-iI1: 
figure 5.1. It is seen from the figure, that at 4 % WPS, variations in pH alone (5.9) or 

temperature alone (10°C) are not hazardous during storage forthree months. In the case of 

small variations ofpH (5.5 and 5.6) andmild temperature abuse(10°C) Clostridium 

botulinum is predicted to reach counts of just below 5 and 7 respectively in a three months 

period from initial counts of 1 log cfu/g. This is in agreement with the importance ofthe pH 

level indicated by Graham et al. (1997). 
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Figure 5.1 Predicted .growth curves for riori-pioleolytic Cl6slfidiiiii'- botiLlinUlri at 4 -%WPS~ 
using Food Micromodel(Anon. 1996). A: 5°C, pH 5.9 (no groWth for 90 dys at pH 5.7). 
B: lOoC. +: pH 5.4. x: pH 5.5. ~: pH 5.6. 
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Conclusion 

Lightly salted lumpfish roe can be concluded botulinum-safe at 5°C. Thus the control points 
are thorough adjustment of salt concentration and pH, which includes appropriate niixing to 

avoid deviations locally in the roe. The product is probably also safe when store d at IOOC 

(not unlikely to occur in supermarket coolers in the summertime or in consumers homes). In 
the case of such temperature abuse, safety seems to be largely dependent on the lowered pH, 

which adds to the importance of controlling this parameter~ 

5.2.2 Listeria monocytogenes 

Listeria monocytogenes is the Listeria spe"Cies by far most frequently involved in human 

disease (listeriosis). Listeria monocytogenes is a ubiquitous organism, strains ofwhich are 

pathogenic to humans, and have been the cause of a number of outbreaks due to 
contaminated foods. The infective dose is not known, and immunosuppressed persons 

·includingpregnant women seem to be at particular risk (Lovett 1989, Sutherland 1989). 
Listeria monocytogenes is isolated from soil, plants and a wide range of foods, in the latest 

years also from seafoods, including ready-to-eat products (Ben Embarek 1994, Dillon et al. 

1994, Farber 1991, Fuchs and Nicolaides 1994, Fuchs and Reilly 1992, Hartemink and 

Georgsson 1991, Motes 1991, Rørvik and Yndestad 1991). However only a few documented 

or suspected cases of seafood involvement in disea~e have been reported (Huss 1994). The 
evaluation of Listeria monocytogenes as a potential hazard is·complicated by the difficulties 

in separating pathogenic and non-pathogenic strains. Also the method of analysis can 

influence which specific Listeria monocytogenes are detected in seafood (and other foods, 

sediments, water etc.) as reported by Loncarevic et al. (1996). These authors analysed 
. (restriction enzyme analysis) 151 Listeria r1'lOnocytogenes isolates obtained from nine foods 

by plating on Oxford agar, either directly or after an enrichment procedure. The results 
showed, that some clones were lost during the emichment procedure, and a larger number of 

different clones were obtained from a specif'ic food by the direct plating method. 

The presende of Listeria monocyto~enes in live fish most likely depends on its presence in 

the surrounding waters. Listeria monocytogenes has been found in coastal waters including 
sediments (Motes 1991). Possibie sources of sea water contamination are effluents, rivers 

and seabiI:ds (Ben Embarek 1994). Thus the catching location may determine the presence or 

absence of Listeria monocytogenes on live lumpfish. 

Listeria monocytogenes has been shown to survive for 34 - 68 days in a medium with 12 % 
salt at 20 - 24°C, and for more than 60 days in meat in 30 % brine at 4°C as reviewed by 

Marth (1993). Thus it is possibie that Listeria monocytogenes can survive in some barrels of 

heavily salted roe (14 - 20 % WPS, stored for two months to one year at around +5°C,see 

chapter 2). Listeria monocytogenes can, however, also be introduced from the environment 
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. during processing, as reported for cold smoked salmon by Rørvik et al. (1995), who found 

the salmon smokehouse to be colonised byone type (ET, multilocus enzyme 

electrophoresis), while sea water, slaughterhouse and slaughtered fish contained other ET's. 

Obviously good hygienic practice and efficient sanitation must be applied in order to 

minimis~So}?ta1!li!J.ation during processing. S!!~~'-f:ega~~less of the source of Listeria: 
monocytogenes, the bacteria should not be allowed any possibility of growth durinistorage­

of the final products. 

Strains of Listeria monocytogenes have been reported to grow at a minimumtemperature of 

+ 1 - +4°C (Walker et al. 1990). Growth at minimum pH of 5.2 at 4°C and pH 4.6 at 7°C and 

10°C(4.710g cfuJml ininoculated laboratory medium).was reported by George et al. (1988). 

In a laboratory medium with pH 5 at 5°C (inoculum 4.9 log cfuJml) Ben Embarek and Huss 

(1992) found visible growth after 12days at 3 % saltand no growth for41daysat 6 % salt. 

At the combination of 4 % salt and pH 6 growth was observed after 10 days, and a delay of 

only two days occurred when the salt conceritration was increased to 5 %. Farber et al. . 

(1989) found that at 4°C, minimum pH for.growth was in therange of5.0 - 5.5 (lowered with 
lactic acid): --'--- ----------. ----- - .. ---------- --.----.----- ------------ ------------- ------- ----,--

Thus according to the literature, the combinationpH 5.4,4 % WPS and 5°C oflightly salted 

lumpfish roe, cannot be conc1uded to be saferegarding growth of Listeria monocytogenes. 

The Food Micromodel programme predict, that Listeria monocytogenes will grow to high 

numbers at these conditions (initially 1 log cfu/g), as illustrated in figure 5.2, In case of 

temperature abuse (10°C) the maximum level will be.reached much sooner. 
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Figure 5.2 Predicted growth curves for anaerobic growth of Listeria monocytogenes at 4 % 

salt and pH 5.4 using Food Micromodel (Anon. 1996). +: 5°C. x : 10°C. 
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Several factors may influence the actual growth in naturally' contaminated lumpfish roe 

. products, including the composition of the roe, the remaining flora, the size of the initial 
population and the strain of Listeria monocytogenes. Consequently an inoculation 

experiment was performed in this project, in which lightly salted lumpfish roe was 
inoculated with Listeria monocytogenes in low numbers « 1 log cfu/g) (note 4). 

Two mixtures of strains originating from lightly preserved fish products/productions, were 

used for the experiment. The strains were preincubated at 10°C as preincubation at low 

temperature has been reported to result in a shortened lag phase during growth at low 
temperatures (Walker et al. 1990). Barbosa et al. (1994) found major differences in lag phase 

'duration among 37 equally treated Listeria monocytogenes, with Scott A having the longest 

lag phase at low temperature. 

The. results, illustrated in figure 5.3, show that the inoculated Listeria monocytogenes was 

perfectly able to grow in lightly salted lumpfish roe also at 5°C, and better growth was 

observed than predicted from the programme (figure 5.2). From the prediction at 5°C, a Jlmax 

ofO.031 h-Iwas obtained, while the calculated Jlmax for mixtures A and B were 0.038 h-l and 
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Figure 5.3 Growth of Listeria monocytogenes inoculated in lightly salted lumpfish roe (4 % 
WPS, pH 5.4, vacuum packed in glass j ars) stoied at 5°C and 10°C. +: Mixture of strains 
411B1 and 411B5, inoculated to - 0.3 log cfu/g, e: Mixture ofstrains 057 and H018, 
inoculated to - 0.5 log cfu/g. Closed symbols: 5°C, open symbols and punctured line: 10°C. 
(Data from note 4 ). 
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0.048 h-I (Ilmax = (logN - log No) x 2.303 / t - 10), which is 22 % and 35 % higher than 

predicted respectively. As a considerable lag phase duration was also part ofthe prediction, 

differences in both parametres contributed to the better growth observed in lightly salted 

lumpfish roe. The pre-culturing at low temperature is likly to be important in the differences 

in lagphase~_duration. Thus·when insteadJim~ to·~Jog cfu/g·is used forcompa~:L~oJ1,the-.:Food 
MicroModel programme predicts a time of 30 days, while the mixtures A and B reached 

counts of5 log cfu/g in 10 and 11 days respectively. The two strains ofmixture B (ROI8 and 

057) were also inc1uded in other experiments in this project, where similar roe products (4 

% WPS, pR 5.4 at 5°C) were,inoculated with < l log cfu/g. In these experiinents it was 

observed, that time to 5 log cfu/g for strain R018 alone was 10days equal to that ofmixture 

B, but 20 days for strain 057 (table l of note 6). In another experiment 057 reached 5 log 

cfu/g in 30 days, equal to that ofthe prediction (table 10 ofnote 6). In a third experiment 

057 only reached 4 log cfu/g (in'20 days) and then dec1ined (table 4 ofnote 6): Thus large 

differences in growth potential among strains (all origirtating from lightly preserved fish 

products or production environmerits) were noted. At least two strains (R018 and 411Bl/5) 

grew much better than predicted, while the prediction was muchc10ser to the growth of 057. 

Differencesamong experimentswiththe same strain (057) may be influenced by at least two 

factors. One is a possibie difference in composition of the LAB flora (development in total 

LAB counts were equal in experiments yie1ding 5 log cfu/g Listeria monocytogenes in 20 and 

30 days). The other is a possibie difference in substrate composition among roe bathces in 

terms of different levels of soluble compounds as discussed in chapter 3 (development of 

total LAB counts were slower innon-inoculated roe ofthe same batch, that yielded poor 

growth of Listeria monocytogenes, than in most other experiments during this project (see 

section 7.4.1). 

Conclusion 

In spite oftne pronounced variation among strains and roe batches, it can be concluded, that 

if Listeria monocytogenes is present in newly produced lightly salted lumpfish roe, even at 

very low numbers, this bacterium may grow to high numbers during storage for three months 

at 5°C. Thus Listeria monocytogenes must be considered a risk, as pathogenic strains are 

contained in the species. In order to control Listeria monocytogenes, an additional hurdle 

must be applied. 

5.2.3 Vibrio spp. 

Vibriii choletae ·aIid Vibrio parahdemolyticiiS afeWell·knoWI1 as ·pathogenkbacteria- -..... 

associated -Wlth [o·ods of marine origin, causirigdiarrhoea of varying seriousness·.Botli -are 
ubiquitous occurring in the marine environment, preferably in warmer waters (Desmarchelier 
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1989, Bryan 1987, Twedt 1989). They are only occasionally isolated from waters with 

terriperatures below 15°C (Gibson 1992). 
Another Vibrio that can be pathogenic to humans causing septicaemia are Vibrio vulnificus. 

The bacterium has been as~ociated with raw oysters (Bryan 1987, Oliver 1989, Cook and 
Ruple 1992), and has been isolated from marine water, sediments and shellfish at many 

locations along the coasts ofUSA, where examinations have been made (Oliver et al. 1982 

and 1983, Kelly 1982). During the winter (January and February, water temperatures 11 -

13°C) Vibrio vulnificus could often notbe isolated from water, sediment and oysters, while' 

more frequently from the intestines of bottom living fish (DePaola et al. 1994). 

Survival of vibrios in different foods at low temperature has been examined by several 

workers. 'Corrales et al. (1994) found, that Vibrio cholerae survived in meat for up to 90 days 

at +5°C, while in milk it was not detectable after 34 days. Muntada-Garriga et al. (1995) 
inoculated 102

_ 107 cfu/ml Vibrio parahaemolyticus in oyster meat homogenate. They 

concluded that at all storage temperatures (+24°C - 4°C) the numbers ofsurviving Vibrio 

parahaemolyticus were a logarithmic function oflog time, and that inactivation ofthis 

organism by low temperature is only a question-of sufficient storage time. Southcott et al. 

(1976) inoculated salmon roe with high levels (106 
- 107 log cfu/g) of Vibrio 

parahaemolyticus, and examined the development in counts during processing of the roe. 
After washing in 3 % saline, dipping in saturated brine for hal f an hour, draining and 

standing for a week, the counts of the organism were in the range of < 2 O - 790 cfu/ g. 
Likewise Vibrio vulnificus have been shown to tolerate low storage temperatures poorly, as 

demonstrated by Oliver (1981) in oyster homogenate at 4°C, and by Cook and Ruple (1992) 

during storage of naturally contaminated raw oysters, howeyer the organism was successfully 
cultured from oysters after storage at +20°C for 12 weeks. 

Thus even if pathogenic' Vibrio spp. areoccasionally present in fresh lumpfish roe, their 

numbers are 1ikely to be greatly reduced during the storage of heavily salted roe, either by 

entering a non-culturable state or by actually dying out. Low numbers of surviving organisms 
in the final products do not pose a risk, as growth conditions in the products are sub-optimal 

or inhibitory. At the low storage temperature (5°C), the numbers ofpathogenic vibrios are 

more likely to decr~ase than to increase, in addition the pH of the products are lowered to 
5.4. Abundantly optimal growth of Vibr.io vulnificus occurs at high oxygen tension (Oliver 

1989). 

Conclusion 

Vibrio cholerae, V. parahaemolyticus and V. vulnificus are not considered a risk in lightly 

salte d lumpfish roe processed and store d at standard conditions, and no additional control 

means are required. 
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5.2.4 Aeromonas spp. 

Aeromonas spp. are primary aquatic microorganisms occurring preferably in fresh water, but 

also in marine environments. Motile Aeromonas spp. are of concem in aspects of public 

: liel!lth;~~ they have been associated!Q:f~oå~QI11e åiarrhoeal disease. Spe<?_i~~oft~~ group_ of 
microorganisms are pathogeriic to different ani maJs including fish. Aeromonas spp. are not 

restricted to aquatic environnients, but have beeti recovered from a wide range of foods, 

including fish andseafood. (Fricker and Tompsett 1989, Kirov 1993, Kirov et al. 1993, 

Knøche11989, Merino et al. 1995, Majeed and Mac Rae 1989, Stelma 1989). Further 

epidemiological studies are, however, necessary for the public health significance of 

infections caused by Aeromonas spp. to be elucidated. Only few cases havebeen reported, 

where Aeromonas spp. were associated with foodbome disease. A well established 

methodology for identification of pathogenic Aeromonas spp. has', however,not been 

available, 'and it is suspected that many cases may have passed unreported (Merino et al. 

1995, Kitov 1993). 

According tO,the recent teview by Merino et al. (1995) the enteropathogenic strains are 

mainly represented by Aeromonas veronii sobria (formerly A. sobria ) and Aeromonas 

hydrophila belonging to the serotypes O: Il and 0:34. These serotypes are usually detected in 

very low numbers in foods compared to the detected levelof Aeromonas spp. in general 

(Kirov 1993). Recently Hanninen et al. (1997) identified Aeromonas spp. in fish (93 % of 

samples), fish-eggs (100 %), shrimp (16 %) and fresh water (100 %). Aeromonas hydrophila 

hybridization gtoup(HG) i and Aeromonas veronii subspp. sobria or veronii HG 8/10, 

known to be associated with human'diarrhoea, were uncommon in all samples, as the 

majority of strains belong to otherHG' s (ribopattem analysis Ol Smal digested DNA). By 

examination of Aeromonas hydrophila strains of aquatic (sea sediments) and clinical origin, 

Krovacek et al. (1994), however, found that isolates from both the sources produced all or 

some ofthe virulence factors, which may be involved in the pathogenesis of Aerom()nas 

infections. The role in pathogenicity of the different virulence factors are still being 

investigated. 

Large variations occur among different strains of motile Aeromonas spp. in their ability to 

grow at various conditions for example in terms of pH and temperature. Knøchel (1990) 

found' that the ability of strains to grow at 5°C and 37°C reflected the temperature ofthe 

environment, from which they were isolated « 15°C or > 25°C). However many clinical 

strains could grow at 5°C, and all strains grewat lOoC. Theoretical minimum temperatures 

forgrowth in the range of 4.4°C - 6.0°C have been reported for clinical or food isolates as 

reviewed-by Kirov (1993). A strain of Aeromonas hydrophila originating from cooked 

mussels has been reported to grow at3°C and +1.5°C when inoculated on hot-smoked blue 

cod packed under vacuum (pH 6.2 approaching 7.0 during storage) (Bell et al. 1995). The 
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bacterium was inoculated at a levelof 5 fog cfu/g and reached counts of 8 log cfu/g in 10 and 

35 days at the two temperatures respectively. The competing microflora (LAB and Moraxella 

spp.) reached the same level. The cod was immersed in brine for 20 min. before smoking, 

but no information on the resulting salt concentration was given. 

Knøchel (1990) found that among 80 strains of motile Aeromonas spp. from different 

environments, most were at 5°C inhibited by either 4 % salt or pH 5.3. At their optimum 

temperature a few strains tolerated 4 % salt. 90 % of the isolates were able to grow at pH 5.1 

at 25°C, but were inhibited at sub-optimal temperatures. Thus with a combination of 4 % 
WPS, pH 5.4 and 5°C growth ofmotile Aeromonas spp. is not likely to occur. 

Conclusion 

Potentially pathogenic Aeromonas spp. is not considered a risk in lightly salted lumpfish roe 

processed and stored at standard conditions, and no additional control means are required. 

5.2.5 Plesiomonas sp. 

Plesiomonas containing one species Plesiomonas shigelloides belongs to the family 

Vibrionaceae. It is isolated from different animais including both pets, domestic animais and 

reptiles, but a primary reservoir of this organism seems to be fresh water/fresh waterfish. It 

is a known pathogen of fish and reptil es, and iiI humans it can be the cause of different 

diseases including enteritidis as reviewed by Koburger (1989). Seasonal variationsoccur in 

the number of organisms detectable in surface water, the number declining after onset of the 

cold season (water 3 - 7°C) (Schubert 1984). 

In an experiment including forty strains (environmental and clinical isolates) Plesiomonas 

shigelloides was, at otherwise optimal conditions, reported to initiate growth at pH 4.0 (58 % 

ofthe strains) and capable of growth in the presence of 5 % salt (65 % ofthe isolates) in 

laboratory medium. None ofthe strains however grew at 5°C, and at 8°C only 25 % was able 

to grow when observed for two weeks (Miller and Koburger 1986). 

The risk of contamination of roe from lumpfish caught in colder waters is probably low, but 

is theoretically possibie to occur during processing. The ability to grow at low temperatures 

even at optimal pH and salt concentration is however limited. 

Conclusion 

Plesiomonas shigelloides is not considered a risk in l(ghtly salted lumpfish roe processed and 

store d at standard conditions, and no additional control means are required. 
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5.3 N on-indigenous bacteria 

There may be multiple sources ofbacterial contamination ofthe roe during processing into 

heavily salte d roe and later during further processing. Such sources could involve all 

eqqjpment including barrels forfr~~h rp~,screeming aIld mixing device~_ancL~rrel_s f()r 
salted roe; humans (diseased persons or .healthy carriers) and animais ranging form pets to 

seabirds. As earlier mentioned, rhe hygienic level and available sanitising equipment is. 

highly variable among catching locations,. and not easily controlled. During further 

processing at the production plant, the routine pro gramme for sanitation and personal . 

hygiene has been applied to ensure, that the contamination frequency and level is minimised. 

Even thoughthe important part is toavoid contamination with pathogenic non-indigenous 

bacteria, som e ofwhich have low infection doses, the possibilities oftheir proliferation in 

the products should still be considered. In normal processing, an accidental contamination 

for example from a person during handling, is likely to be mixed/distributed in a 105 kg 

portion of roe. Thus some j ars of final product may be without contamination, while others 

may contain a few cells. 

Growth potential s of a fewbacteriaof the Enterobacteriaceae family and Staphylococcus 

aureus are briefly considered below. In lumpfish roe production the source of possibie 

contamination is most likely to be humans. As people more and more often trav el to distant 
. . 

countries, other pathogenic bacteria may occasionally be brought home, which are not 

included in this chapter. 

5.3.1 Enterobacteriaceae 

Among an abundance of Escherichia coli serotypes ofdifferynt pathogenic groups, E.coli 

Q157:H7 has received recent attention due to several foodbome outbreaks most frequently 

associated with improperly cooked hamburgers, but also raw milk and a few other foods, as 

reviewed by Molenda (1994). 

, Palumbo et al. (1995) examined 16 strains including E.coli 0157:H7 in broth culture at 

various temperatures. They concluded, that since all stains grew at looe and verotoxin was 

produced at all conditions supporting growth, the organism poses a risk in temperature 

abused refrigerated foods. The ability of E.coli 0157:H7 to growat various conditions was 

examinedby Buchanan and Klawitter (1992a), who found no growth in 17 days at 5°e (0.5 -

2.0 % salt and pH5.5 -7.5) in brothc.ult:ure (210g cfu/ml) neitheraerobic nor anaerobic. At 

lOoe no growth occurred at pH 5.5 and 2 % salt. By comparison to previous reports, the 

authors concluded that growth kinetics of E.coli 0157:H7 is similar to those ofnon­

pathogenic strains. 
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Salmonella occurs in more than 2000 serovars, and is common in domestic animais and 

birds, and many are asymptomatic excreters (Huss 1994). Growth of different Salmonella 

spp. in the presence ofNaCI was reviewed by Marth (1993). This author reported that at 8°C 

growth of S. heidelberg occlirred at ~ 2 % salt, of S. thyphimurium at ~ l % salt and S. derby 

failed to grow when l % salt was added to the medium. At 12°C the three strains grew at ~ 4 

% salt. Still in the cases ofmild temperature abuse, the lowered pH of lightly salted lumpfish 

roe introduces an additional hurdle. 

Yersinia enterocolitica is a psychrotrophic organism most frequently found in cooler 

climates, and the serotypes 0:3 and 0:8 are the dominant human pathogens. Animais 

especially sMne are the most important reservoir of pathogenic strains. Outbreaks after 

contamination of food by humans have however been reported, and strains have on several 

occasions been isolated from apparently healthy individuals. Yet it has been questioned 

whetherthese strains are clinically significant. (Kapperud 1991, Kraft 1992,Prpic and 

Hughes 1989, and Schiemann 1989). Yersinia enterocolitica can be isolated from several 

foods including fish and shellfish, but thepublic health significance ofthese environmental 

isolates (Yersinici enterocolitica-like) is not certain either (Peixotto etal. 1979, Kapperud 

1991). 

Yersinia enterocolitica is able to grow at temperatures approaching O°C (Prpic and Hughes 

1989, Kapperud 1991), but the ability to compete with other psychrotrophic organisms may 

be poor (Schiemann 1989, Stem et al. 1980). At 5°C Yersinia enterocolitica has be.en 

reported to reach 9 log cfu/g in one month (initially 2 log cfu/g) in mussel homogenate, both 

aerobically and anaerobically (Hudson and Avery 1994). Growth of Yersinia enterocolitica 

to high numbers during storage at + 1.5°C of sliced roast beef and smoked blue cod along 

with the natural microflora has been reported by Hudson et al. (1994) and Bell et al. (1995) 

respectively. Hanna (1977) reported little or no growth at pH 5 (25°C), while Stem et al. 

observed growth at pH 4.6 (25°C, 2to 8 log cfuJml in two days). The last author also 

reported growth at 3°C in the presence of 5 % salt (two log cycles in ten days). Thus Yersinia 

enterocolitica is capable of growing at less supportive.salt and temperature combinations 

than present in lightly salted lumpfish roe, and at pH values below 5.4. In vacuum pac ked 

cold smoked salmon slow growth was observed at 5°C by Hudson and Mott (1993). Yersinia 

enterocolitica grew from am initial number of justbelow 6 log cfu/g to around 8 log cfu/g in 

three weeks. Conditions regarding salt concentration (3 %) and pH (6.1) was howevei less 

severe than in lightly salted lumpfish roe, and the inoculum was rather high. 

Whether the combination oftemperature, salt and pH in lightly salted lumpfish roe, together 

with the remaining microflora and the miture of the substrate ean support growth of this 

organism in a three months period is, however, inconclusive. 

As it is also uncertain, whether the risk of contamination has any significance in practical 

lumpfish roe produetion, and several strains as mentioned above probably are non-
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pathogenic, further investigations on growth potential in lightly salted lumpfish roe has not 

been initiated in tbis project. 

Conclusion . 

_ The risk: of contamination·~t~·pa~hogenicEnterobacteriaceae mimtioned in this section 
(Escherichia coU, Salmonella and Yersinia enterocolitica ) is probably low, and should be 

minimised by good hygienic practice. As some of the bacteriahave low infection doses; 
avoiding contamination is central. In the case of accidental contamination,! an increase in 

numbers during storage of the finalproducts is not likely to occur, maybe with the exception 
of Yersinia enterocolitica. 

5.3.2 Staphylococcus aureus 

Theprincipal source of Staph. aureus during production is humans with wound or throat 

infections, butthe organism is ubiquitous, a.nd present in the environment such as dust, air 
and surfaces, in fact all equipment handled by man, where it survives well. Among healthy . 

petsons-30 - -50 %-sometimes-accorqmodate-Staph.-aureus, -wbile ·-15 --~35-%- are'constant:~­

carriers. Symptoms are normally limited to nausea, vomiting and sometimes diarrhoea,' and 

are caused by preformed toxins (enterotoxin A, B, Cl, C2, D, E and F) (Bergdoll1989,Dick 
et al. 1989, Eyles 1989). Consequently, unlike some Enterobacteriaceae described in the 

previous section, growth of the organism in the food is required to cause disease. However it 

is frequently occurring, and is not realistic to eliminate contamination completely, but it can 

be reducedby following good hygiene andsanitation procedures. Thus low numbers do not 
pose arisk, provided growth of Staph. aureus in theproducts is inhibited. 
Stå ph. aureus is at otherwise optinialconditions able to grow down to 6°C, pH 4.2 and at up 

to 15 % salt (Eyles 1989, Bergdoll1989). Toxin production is however not likelyto occur 
below 10°C, and is reduced at anaerobic conditions (Dick et al. 1989). 

In aerobic broth culture (- 5 log cfu/g) Notermans and Heuvelman (1983) reported no growth . 

at 8°C, but at 12°C and < 1 %salt.growth occurred at pH4.9: At increased salt concentration 

(5.7 %) growth at 12°C did not occurbelow pH 5.5. The authors reported that enterotoxin A, 
responsible-foraround80-.% -of-staphylococcal-intoxication; was -produced at nearlyall.· - . 

conditions allowinggrowth, while production of enterotoxin B,C and F was more· 

susceptible to reduced Water activity. 

Anaerobic enterotoxin B production on ham submersed in brine of various combinations of . 

salt, pH andtemperature wasexamined by Genigeorgis et al. (1969); With a high initial 
inoculum (6.3 log cfu/g) theyfound-anaerobictoxin production atlOOCinmaxiIilUm8 

weeks at pH values ~ 5.9 (2.5 - 5.8% salt), while at pH 5.6 toxin'production-was not 

detected untilafter 16 weeks (2.3 - 4.4 % salt). 
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Conclusion 

At 5°C growth and enterotoxin production by Staph. aureus present in low numbers'in lightly 
salte d roe does not pose a risk. Even at mild temperature abuse (1 QOC) growth to high 

numbers is unlikely, particularly due to the lowered pH. The sub.,.optimal growth at 

anaerobic conditions and the presence of a competing flora creates an additional safety 
margIn. 

5.4 Viruses 

There is a lack of knowledge on the incidence of seafood transmitted viral infections, and 

sufficient information is not available, to 'allow evaluation of the risk of enteric or other 

viruses being present in lumpfish roe. Hepatitis A virus and Norwalk-like agents are thought 
to be the greatest threat among viruses. Reliable methods for their detection in food are 

however still under development (Wekel et al. 1994). 

Though some catching locations for lumpfish are situated near cities, lumpfish roe cannot be 

considered a high nskseafood regarding virus contamination, as are shellfish, which 

concentrate viruses during filtering of surrounding water. With a few exceptions those have 

been the cause of all reported cases of seafood associated viral infections (raw or improperly 
cooked) (Huss 1994) ... 

Direct or indirect faecal contamination of the roe in the many handlingsteps during 
processing probably poses the greatest risk of viral contamination of the roe. Thus good. 

personal hygiene is very important in preventing such contamination, as aIready stated for 

non-indigenous bacteria. 
There is also a lack of data on how viruses will respond to factors as salt, pH and 

temperature of lightly salted lumpfish roe, and there is no evidence that the combination of 

factors is a guarantee against survival of viruses in the products. Thus the only means of 

control is in practice to keep the levelof contamination as low as possible. 

5.5 Parasites 

Among the most important parasites with regard to public health, only two are associated 

with marine fish from the northem hemisphere as reviewed by Fayer (1992) and Huss (1994) . 

. Those are the nematodes Anisakis simplex (herring worm) and Pseudoterranova dicipiens 

(cod worm) occurring in the North Atlantic. Literature reviewing the prevalence of parasites 

of public health significance, does not mention the possibility of nematodes being 

transmitted to man through fish roe. There is, however, always a theoreticaI possibility of 

nematodes being transferred to the roe, when the fish is cut op en during removal of the roe. 
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Experienced workers in the production of lumpfish roe products have, however, never 

encountered nematodes in the roe, and the risk is probably low. 

The storage of roe prior to production at salt concentrations in the range of 14 - 20 % WPS at 

+5°C for a duration of two months up to one year is likely to influence the survival of 

nematodes, and redu~~Jhe ri~~ even further. In marinated!i~h,~safe!y can be assured by a 
certain holding time in brines containing salt and acetic acid, which causes the death of 

Anisakis larvae. The mortality rate of nematodes is a function of time and depends mainly on 

the salt concentration (Karl et al. 1995, Huss 1994). However in reported experiments on the 

mortality rate of Anisakis larvae at various salt concentrations in herring marinades, 2.5 - 3.0 

% acetic acid was also applied, and the acid is part of the traditional recipes. At an acetic 

acid concentratioil of 2.6 %, maximum survival time between 5 and 17 weeks at salt 

concentrations ranging from 9 % down to 4.3 % was noted (Karl et al. 1995). A certain part 

of the survivaltime is, however, required to obtain appropriate salt concentrations in the 

flesh of marinated fish through diffusion from the brine, and equilibration times of 2 - 4 

weeks depending on the salt concentration of the brine was observed. During salting bf fresh 

lumpfish roe, the hIgh salt concentration is obtained immediately: Karl et al. (1995) was 

unable-to-demonstrate-a-marked-effect-of different--aeetie-acid-eoncentrations {O. 2~~ -o. 7%) 

similar ·to the effect of different salt concentrations, but O % acetic acid was not included in 

thestudy. A survival time ofmaximum 12 weeks was observed with 0.2 % acetic acid at salt 

concentrations of2.1 - 3.7 %. When the equilibration time is withdrawn, and the high salt 

concentration in lumpfish roe is considered, lumpfish roe processing is probably safe, but the 

lack of acidaddition hinders an indisputable conclusion. 

5.6 Biogenic amines 

Severalbiogenic amines can be produced in foods by bacterial decarboxylation of amino 

acids as recently reviewed by Silla, Santos (1996) and Rawles et al. (1996). The most toxic 

amine detected in foods is histamine (from histidine decarboxylation), which causes 

dilatation of peripheral blood vessels resulting in hypotension, flushiilg and headache, while 

contraction ofintestinal muscle may account for abdominal cramps,. diarrhoeaand-vomiting. 

The toxic effect depends on the consumed amounts, the presence of other amines interfering 

with histamine oxidase, alcohol consumptionand the intestinal physiology ofthe individual. 

Thereforean exact toxicologicallevel is difficult to determine (Silla Santos 1996, Rawles et 

al. 1996). As reviewed by Huss (1994) a "hazard action level"'of 50 mg/IOO g ofhistamine 

has beeh establish:ed iifth:e-USA,while a "maximum allowable -limif' -of-20 mg/l OOg exists 

in the EEC. 
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Bacterial formation of biogenic amines in food depends on the availability of relevant free 

amino acids, the presence of decarboxylating bacteria and growth conditions that allow 

decarboxylase synthesis and activity. 
The former prerequisite may limit the risk ofhistamine formation in lightly salted lumpfish 
roe, asthe concentration offree histidine in the roe is 10w.Concentrations offree histidine 

in ten lightly salted roes analysed in this project were in the range ofO.7 - 1.8 mglIOO g 

(calculated from data shown in table 5 note 1). Thus during decarboxylation of histidine into 
equimolar amounts ofhistamine a maximum of2.5 mg/IOD g ofhistamine could be formed, 

which is far below the accepted limits mentioned above. Y ~t, free histidine was released 

during storage ofheavily salted roe (section 3.5.2) demonstrating, that autolytic enzyme/-s 

releasing histidine from proteins/peptides is/are present in theroe, and may be active in the 
final products. As mentioned in chapter 4, the extent ofbacterial proteolysis is not known 

either. Thus additional histidine may be ma~e available during a shelf life period of three 
months. 

Among the bacteria comprising the microflora of lightly salted roe, MorganelIa morgan ii is a 
well known histamine producer (Frank 1985, Klausen and Huss 1987). This organism was ' 

shown to approach counts of 7 log cfu/g during storage at 5°C of lightly salted lumpfish roe 
(section 4.4.1). Yet, even if sufficient a'mounts of histidine were made available, and even if 
decarboxylation would occur at5°C,histamine production will not pose a risk in the final 

products. As Morganella morgan ii was identified as a spoilage organism in lightly salted 
lumpfish roe, this bacterium should notbe allowed 'to growin the products, . and will be a 

, , 
target of preservation to be considered in chapter 6 and 7 along with Serratia spp. 

Some Lactobacillus spp. have also been associated with histamine decarboxylation (Silla 

Santos 1996). Leisner et al. (1994) examined the incidence ofhistamine producing LAB in 
different vacuum-packed, sugar-salted fish products, and found none, indicating that LAB 
may not be important in accumulation of histamine in these products. 

Another biogenic amine, tyramine (from decarboxylation oftyrosine) is however produced 
by LAB. Leisner et al. (1994) found the majority oftyramine producing isolates to belong to 

Carnobacterium spp. One or more Carnobacterium spp. were also detected (6.3 - 7.1 log 

cfulg) in all five batches oflightly salted roe, ofwhich the flora composition was reported in 
section 4.4.1. The amount oftyramine detected by Leisner et al. (1994) was, however, 

reduced when the temperature was lowered from 9°C to 4°C. 

Values of 10 - 80 mglIOO g oftyramine have been reported as toxic doses in food~ as 
reviewed by Brink et al. (1990). The tyrosine concentration in lightly salted roe is in the 

range of 0.8 - 3.1 mglI 00 g (note 1), and consequently a maximum concentration of 4.1 

mg/IOD g oftyramine can be obtained. The situation is, however, similar to that ofhistidine 

regarding possibIe release of additional tyrosine during storage. As the storage temperature 
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oflightly salted lumpfish roe additionally is low (5°C), production oftoxic amounts of 

tyramine by camobacteria is not likeIy to pose arisk. 

Thus for several reasons (low concentrations ofhistidine and tyramine, low incidence of 

biogenic amine QrodJlci1!R bacteria and low storage te~e!atur~) Iightly salted lumpfish roe, .. 

properly preserved to obtain a shelf life of three months, can be considered a low risk 
, . 

product regarding biogenic aminepoisoning. Regarding the histamine hazard, the product 

may even be "fail-safe", as growth of MorganelIa morganii to high numbers wiIl reveal itself 

by production of offensive off-odours, that ought to prevent consumption of the roe. 

5.7 Conclusion 

The folIowing potential heaIth hazards oflightly salted lumpfish roe (pH 5.4, 4 % WPS) 

have been evaluated in this chapter: Non-proteolytic Clostridium botulinum, Listeria mono­

cytogenes, Vibrio spp., Aeromonas spp., E. co li, Salmonella spp., Yersinia enterocolitica, 

Staphylococcus aureus; viruses,parasitesandbiogene amines. 

Additional means of control are required to eliminate the possibility of lightly salted 

lumpfish roe posing arisk tothe consumer due to high numbers of Listeria monocytogenes. 

Strains ofthis organism were shown to be able to proliferate in the product at 5°C, and 

additional preservation is necessary. 
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Chapter 6. 'Biopreservation of Iightly saIted lumpfish roe 

6.1 Introduction 

The results obtained in the project so far has shown, that in order to obtain a shelf life of 

three months, additional preservation of lightly salted lumpfish roe is needed. The 

preservation should prevent or strongly inhibit growth ofEnterobacteriaceae (see chapter 4) 
and Listeria monocytogenes (see chapter 5) without negatively influencing the sensory 

quality of the products. Any food additive also needs approval by regulatory authorities, in 

which pr()cess the lack oftoxicity to humans is central. The latter aspect is briefly discussed 

in section 6.6. 

As described in chapter l, biopreservation (biological preservation) of lightly salted Iumpfish 

roe was expected by the industry to be way of fulfiIling wishes among consumers for more 

"naturally" preserved foods. Therefore at initiation of this project it was a wish, that the 

possibility ofbiopreservation using LAB cultures was evaluated as the first option. 

For this purpose, LAB eulture/mixtures of cultures without significant impaet on the sensory 

characteristics of the roe products were to be searched for, as opposed to a fermented 
product. LAB should preferably originate from the roe products them selves. This was due to 

both the wish of "natural" preservation, and to the faet, that such cultures would aiready 

have proven their ability to grow in the roe products at relevant storage conditions. 

Thus the requirements to be fulfilled by the LAB culture, as also earlier reviewed in general 

terms by others (Holzapfel et al. 1995, Huss et al. 1995) were: 

• No health risk 
• Capability to grow and compete well in vacuum-paeked lightly salte d lumpfish roe at 5°C 

• Consistent antibacterial effect in the roe products' on growth of Enterobacteriaceae and 
Listeria monocytogenes 

• No negative influence by the LAB culture on sensory characteristics of the roe products 

A definition ofbiopreservation has been presented by Ray (I 992a) as "the use of 
antimicrobial eompounds of plant, animal or microbial origin to enhance the safety and 

extend the shelflife offoods". The distinetion between biopreserved food produets and 

preserved food products in general is however difficult, using this definition. For example 
the chemical preservatives benzoic and sorbic acids, naturally present in variouS plants, may 

also be claimed to be included in this broad definition. Preservation by addition of lactic 

acid/sodium lactate, produced by fermentation (described in chapter 7), would also fit the 

definition of biopreservation. In this thesis the term biopreservation is restrieted to describe 
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preservation using live cultures of microorganisms. At least with this narrow definition the 

existence of a separate term is justified, and a meaningful distinction to other means of 

preservation by addition into foods of (non-living) compounds/molecules is obtained. 
Consequently fermented products are also included in this definition. 

In this chapl~J: the grjlup ofLAB is defined (secti2~ ~.2)~:!'heir antagonistic activities--~-­
towards other microorganisms are briefly described, and the potential usefulness in 

preservation of lightly salte d lumpfish roe is evaluated (section 6.3). Then own experiments 

aiming to isolate antagonistic LAB from roe products (section 6.4), and inoculation 

experiments with selected LAB strains in lightly salted lumpfish roe are presented (section 

6.5). In the last section (6.6) future possibilities and alternative strategies in biopreservation 

of roe products are discussed. 

6.2 Taxonomy of LAB 

LAB is not a taxonomically well-defined group of bacteria. LAB are Gram-positive, non­

sporeforming;catalase;.;.negative; microaerophilic bacteria-producing--Iaetie-aoid -as -their--main 

fermentation product from carbohydrates (Kandier 1983). Kandier included cocci ofthe 
genera Streptococcus, Pediococcus and Leuconostoc and the rods Lactobacillus in the gro up 

of LAB. In the last decade significant changes has occurred in the taxonomic classification 

of LAB. From the genus Streptococcus the following has been separated: Lactococcus 

(formerLancefield group N) (Schleifer et al. 1985), Enterococcus (former part ofLancefield 

group D) (Schleifer and Kilpper-Balz 1984), and later the genus Vagococcus of (generally 

motile) cocci(Collins et al. 1989). The genus Carnobacterium of non-aciduric Lactobacillus 

has been defined (Collins et al. 1987), and the genus Weissella containing five 

heterofermentative former Lactobacillus species (Collins et al. 1993). The genus 
Tetragenococcus resulted from an investigation ofthe phylogenetic relationships ofthe 

tetrad forming generaPediococcus and Aerococcus (Collins et al. 1990). Thegenuscontains 

one species Tetragenococcus halophilus, which is halophilic. Other minor changes including 

only a few species has occurred in addition (Schleiferand Ludwig 1995). 

Thereare slight differences in the range of genera included in LAB by different authors. 
Stiles and Holzapfel (1997) however reviewed the current taxonomy of lactic acid bacteria, 

and listed species of the Jollowing genera to beo important in food: Carnobacterium, 

Enterococcus, Lactobacillus, Lactococcus, Leuconostoc, Oenococcus, Pediococcus, 

Streptococcus, Tetragenococcus,Vagococcus and Weissella. 
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6.3 Antagonism ofLAB 

Apart from influeIicing the growth of other bacteria by competing for nutrients and 

occupying niches/space, LAB can, depending upon the raw materiallsubstrate and the 

specific strain, produce many types of antimicrobial compounds, enabling us to utilise 

selected LAB with certain properties, for preservation purposes. The inhibitory subsiances 

include both non-peptide compounds and protein-containing molecules (bacteriocins). 

6.3.1 Non-peptide inhibitors 

The range of antimicrobially active metabolites produced by LAB have in the last decade 

been reviewed by several authors, due to the much increased interest in utilising these· 

bacteria and their metabolites. Thebasic information on antimicrobial compounds produced 

1;>y LAB described in this section, is extracted from Daeschel and Penner (1992), Davidson 

and Hoover (1993), Holzapfel et al. '(1995), Lindgren and Dobrogosz (1990), Ray (1992b) 

and Ray and Sandine (1992). 

Organic acids primary lactic acid, are as already mentioned characteristic products of 

carbohydrate fermentation by LAB. Acetic acid can be produced, and propionic acid in 

smaller amounts by various LAB. Production of formic acid may occur at certain conditions 

of hexoselimitation. The effect (prolonged lag phase, reduced growth rate, bacteriostatic or 

bactericidal effect) of organic acids on bacteria depend on pH, the particular acid, the 

concentration of acid and the kind of organism to be inhibited. The sensitivity to organic 

acids vaiy among spoilage and pathogenic bacteria, and is influenced by other factors 

characterising the food product, such as salt concentration and temperature. The mode of 

action of organic acids are described in more detail in section 7.2. 

The possibilities of utilising acid production by LAB as antimicrobial principle in lightly 

salte d lumpfish roe may be limited by adverse effects of low pH on the s~nsory 

characteristics ofthe product. It may not be appropriate to decrease the pH below 5.0 (lactic . 

acid) in lightly salted lumpfish roe (see section 7.5 and note 7). Furthermore the amount of 

carbohydrates in lightly salted lumpfish roe is limited, and during growth to around 7 log 

cfu/g ofLAB in naturally contaminated roe prod~cts, only small amounts of acids were 

produced (chapter 4). Thus addition of appropriate amounts of fermentable carbohydrate 

would be necessary. The perspectives in such an alternative strategy, producing afermented 

roe product, are discussed in section 6.6. 

Hydrogenperoxide is produced by a number of LAB in the presence of oxygen, and may 

accumulate to antimicrobial concentrations due to the general absence of catalase in LAB. 

Due to the vacuum packaging in air-tight glass jars, hydrogenperoxide production is not 
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considered relevant in lightly salted lumpfish roe. In addition it is questionable, whether 

hydrogenperoxide production should be appreciated, as the roe products have aIready been 

subject to lipid oxidation (chapter 3), and should not be charge d further. 

Carbondioxidejs toxic toa number of aerob:i&:1J~cteria,but may promote the grow,th Qf ._­
others. Production of carbondioxide, primary by heterofennentative LAB fermenting . 

hexoses, is however not wanted in lightly salted lumpfish roe. In lightly salted lumpfish roe 

carbondioxide production is regarded as spoilage ofthe product. AIso the lit of a j ars is not 
tight, if vacuum in the jar is lost. 

Diacetvl (2,3-butadione) is produced by strains in several genera ofLAB. It-is produced in 

significant amounts at conditions other than hexose fermentation. Citrate can be converted to 
diacetyl via pyruvate, which"is the reason why citricaCidWas not chosen for pH regulation of 

the roe products. Diacetyl creates the characteristic aroma ofbutter, which is notappreciated 

in lightly salte d lumpfish roe. As high concentrations is in general needed for inhibition,the 

sensory characteristics of the compound limits its use to certain food products. 

Reuterin (3-hydroxypropionaldehyde) is produced by Lactobacillus reuteri from glycerol 

(glyceraldehyde) at anaerobic conditions. It is inhibitive to a broad spectrum of 

microorganisms (antibacterial, antimycotic and antiprotozoaleffects), probably through 

inhibition of ribonuc1eotide reductase. Reuterin may be a promising candidate for 

applications as food preservative, which however largely depend on information on toxicity 

to humans. On this background, reuterin addition Was notconsidered a preservation method, 

that could fulfil the wishes for a "natural" preservation. Inusing live cultures of 

Lactobacillus reuteri, there is an additional obstacle, as this bacterium is obligate 

heterofermentative. 

6.3.2 Bacteriocins 

Bacteriocins are antimicrobial proteins produced by a wide range of microorganisms. SiX: 
-critiriil defining" bacteriocins, originally siiggested oyTagg-et -at (1976), 'were-basedon" -

studies ofthe colicins produced by Gram-negative bacteria, and inc1udedthe criteria 
bactericidal mode of action and activity against a narrow spectrum of c1ose1y re1ated 

-organisms.Based onthe later increasedknowledgeon bacteriocins ofLAB and otherGram­
positive organisms, Montville and Kaiser (1993) howeverstated, that only few bacteriocins 

meet all the criteria. They presented aredefinition inc1uding only two criteria for 

bacteriocins: Their proteinaceous nature and theii lack of lethality to cells, which produce­

them. Opposed to peptide antibiotics such as baCitraCinA and polymyxins, many 
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bacteriocins are true proteins made ribosomally, and riot by enzymatic condensation 

reactions of amino acids (Montville and Kaiser 1993). 

An overwhelming amount of research on bacteriocins of LAB have beenrej>orted in the last 

5 - 10 years. Still many questions remain to be answered in order to understand all aspects of 

bacteriocin production and. the responseof exposed organisms, whichcan be expressed by 

citing Klaenhammer (1993): "Studies on the genetics and biochemistry ofbacteriocins 

produced by LAB, suggest that we have only begun to understand the nature and complexity 

ofthese interactions". In the folIowing, basic infonnation is presented on characteristics of 

bacteriocins and their mode of action, which has been extraetedfrom Abee et al. (1995), 

. Bruno and Montville (1993), De Vyust and Vandamme (1994), Jack et al. (1995), Hill 

(1995), Hoover and Steenson (1993), Klaenhammer (1988 and 1993) and Schillinger (1990). 

Bacteriocins have a peptide/protein component, that is essential for their activity, and most 

known bacteriocins are small, heat-stable peptides. Some have however been reported to 

have a lipid or carbohydrate moiety or consist of combinations of proteins. In 1993 
Klaenhammer defined four classes ofbacteriocins ofLAB: 

-I. Lantibiotics. Small membrane-active peptides « 5 kD) containing the unusual amino 

acids lanthionine, J3-methyllanthionine and dehydrated residues (dehydroalanine and 

dehydrobytyrine ). 

- II. Small heat-stable, non-Ianthionine containing, membrane-active peptides « 10 kD). The 

class was further divided into: Ila. Listeria-active peptides with a specific sequence in the N­
tenninus. IIb. Complexes of two peptides for poration activity.llc. Thiol activated 

peptide(s). 

- III. Large heat-labile proteins(> 30 kD) 

- lY. Complex bacteriocins with one or more lipidlcarbohydrate moieties required for 
activity. 

This is however currently revised, as new knowledge gets available. De Vyust and 

Vandamme (1994) do no recognise the existence of class IV, and the subdivision of class II 
(containing the majority ofknown bacteriocins) differs. Apart from the group ofbacteriocins 

requiring two peptides the class was divided into Pediocin-like and Lactococcin-like 

bacteriocins, each sharing some amino acid sequence homology in their N-tenninus. 

In aresent report, Martinez et al. (1996) describes the finding of a bacteriocin (Lactococcin 

972), that cannot be properly included in any ofthe four classes described by Klaenhammer 
(1988). AIso this 'bacteriocin se em to have a different mode of action, than previously 

reported, as its primary target is not the cytoplasmatic membrane. 
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Bacteriocins can be either chromosomally or plasmid encoded. Many bacteriocins are 

produced as pre-peptides, with extensionsof 18 - 24 amino acids (leader-peptide) at the N­

terminus, the amino acid sequence of which is known for several bacteriocins. The leader 
peptide is supposed to be cleaved off prior to excretion of the mature bacteriocin into the 

environment. . 

Little is knownon the mechanisms of immunity of the producing LAB strain to its own 

bacteriocins. It has been assumed, that the immunity of the producing cell is due to the 

production of an immunity protein. For a majorityofbacteriocins,immunity proteins have 

however not been purified. For som e bacteriocins it has been suggested, that the gene for 

immunity protein production is part of the bacteriocin operon. Many of the Pediocin-like 

bacteriocins show cross-immunity, suggesting similarities at the level ofboth action and 

immunity. Lactoccocin A immunity protein was examined by Nissen-Meyer et al. (1993). 

The exposure of sensitive cells to an excess of the immunity protein did not affect the 

sensitivity, and exposing immune cells to an antiserum against the immune protein did riot 

sensitise the cells to Lactococcin A. The authors concluded, that the immunity protein did 

not act simply by binding to the bacteriocin, and may in fact not act extracellularly. 

Control ofbacteriocinproduction by LAB is in general not well understood. Resent studies 
on sakacin P has however indicated, that bacteriocin production iscontrolled by an 

autoinduction pathway, in which a bacteriocin-like molecule (inducing factor) may function 

as a cell density signal. The inducing factor triggered the production of sakacin P, immunity 

to sakacin P (and related bacteriocins) and the inducing factor itself This could be 

interpreted in the manner that, when certain cell densitiesand certain levels of inducing 

factor is reached and competition therefore may increase, the bacteriocin production is 

initiated (Eijsink et al. 1996). 

The range ofinhibitory activity by bacteriocins of LAB can be either narrow, inhibiting only 

those strains closely related to the producer organism, or wider (less common) inhibiting a 

diverse gro up of Gram-positive organisms (other LAB, Listeria, Clostridium etc.). The latter 

makes bacteriocin production especially attractive in refrigerated, minimally ptocessed and 

rawfoods. 

In their mode of action, bacteriocins ofLAB se em to be membrane active. Pore formation by 

different mechanisms in the cytoplasmaticmembrane is common ofthoseLAB bacteriocins, 
for which the mode of action has beendeteimined. This generally leads to disturbartce of . 

membranetransport, 10ss ofprofon motiveTorce and thus inhibitingenetgy pfoductiort -ana 

biosynthesis. Some bacteriocins that have a narrow spectrum of inhibition, may specifically 

interact with membrane receptors, while many appear to exhibit relative ly little adsorption 

specificity. Lack of adsorption specificity indicates, that sensitivity or resistance to a 
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bacteriocin is not solely determined by the presence or absence of receptors on the ce1l 

surface. The existence of proteinaceous receptors, their specific or non-specific nature and 
role in bacteriocin action on ce1ls is a debated area. 

Others have reported successful inhibition of Listeria monocytogenes in food products (for 

example Buchanan and Klavitter 1992b, Choi and Beuchat 1994), and it might be possibIe to 

ensure the safety of lightly saIted lumpfish roe regarding this hazard, by the use of LAB, 
producing Listeria-active bacteriocins. 

6.4 Isolation ofLAB from lightly salted lumpfish roe 

As indicatediri section 6.3, severalobstacles may hinder a successful preservation oflightly 

saIted lumpfish roe using LAB cultures. This is due tothe prerequisite for the desired 

product to be sensory unaffected by the preserving culture, which would make the use of 

bacteriocinogenic LABthe most appropriate, and secondly to the conclusion reached during 
this project, that apart from Listeria monocytogfmes target organisms include Gram-negative 

spoilage bacteria (Enterobacteriaceae). Yet itwas not wanted to rule out any possibilities in 
advance, and in the light of the many unanswered questions on LAB antagonism, and the 
possibIe existence of undiscovered capabilities of LAB, attempts have been made to isolate 

LAB from roe products, antagonistic to relevant target organisms. 

Bacteriocin production by LAB is inf1~enced by environmental factors, which are being 

investigated by an increasing number of workers. Bavaricin A was produced at 4°C by a 
Lactobacillus bavaricus from sour dough, but increasing the salt concentration from l to 3 % 

caused a loss ofbacteriocin production at the low temperature (Larsen et al. 1,993). 
Mørtvedt-Abildgaard et al. (1995) reported the production ofLactococinS by a 
Lactobacillus sake to be IO-fold higher at pH 5 than at pH 6. The production increased in the 

presence of 1·% ethanol, and production was almost eliminated by aeration ofthe culture. 

Kaiser and Montville (1993) showed that glucose-limitation in continuos cuIture ofa 

Lactobacillus bavaricus resulted in an increased production of Bavaricin MN. De Vyust et 

al. (1996) also reported thai bacteriocin production by a Lactobacillus amylovorus was 
stimulated by unfavourable growth conditions such as low temperature, presence of ethanol 

and oxygen. They found bacteriocin production to be enhanced by slow growth rates. On the 
contrary Yang and Ray (1994) found that supplementatioIi ofthe medium (TGE~broth) with 
tryptone, glucose and yeast extract or with different vitamins increased Pediocin AcH . 

production (Pediococcus acidilactici) by about 27 %. These authors also concluded that 

gro wing ce1ls under an optimum environment for 16 hours facilitated high bacteriocin 

production. Nisin production by a Lactococcus lactis subsp. lactis was shown to be affected 
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by nutritional factors in the manner, that nisin biosyntheses was strongly dependent on the 

'presence of a sulphursource (De Vyust 1995). The amino acids serine, threonine and 

cysteine highly stimulated nisin production without affecting the final cell yield. 

~:~~ Thu~j!l the dete~tion of antagonis!j~ 8:ctiy~!y in the present study, the a~~,~as t?_mimic -

product conditions as closely as possible, in order to select for strains producing bacteriocins 

(orother antimicrobial compounds) at product relevant conditions. Unspecific antagonism 

assays were performed in roe agar. 

Naturally occurring LAB of six different batches of lightly salted lumpfish roe (3.5 - 4.8 % 

WPS) stored for two and a hal f months was screened for antagonistic activity against 10 

Enterobacteriaceae (roe isolates) and Listeria monocytogenes strain 057.3 Vibrio spp. from 

roe products were included as well (experiment l of note 5). Replica plates on roe agar was 

made from primary NAP-agar plates, incubatedat5°G until visible LAB colonies had­

formed, and overlaid with soft roe agar seeded with target organisms (pre...;cultured in roe 

extract at 5°G). Incubation conditions forthe plates were 5°G and oxygen limitation. As only 

a few extremely weak inhibition zones against Vibriospp. developed,'a well diffusion assay 

was perform-ed instead; Atotal-of43-:LAB-from-storedroe-produots; was-included-- ----- -----­

(experiment 2 of note 5). A traditional well diffusion assay was performed in soft roe agar, 

seeded with target organisms (6 Enterobacteriaceae, 2 Listeria monocytogenes and in 

addition 3 Vibrio spp.). All strains were precultured in roe extract at low temperature, and 

incubation ofthe agar plates were as described above. Using this method, inhibition zones of 

varying size was produced by 27 ofthe 43 LAB against 2 Vibrio spp. None ofthe 43 LAB 

produced inhibition zones against any of the Enterobacteriaceae (presumptive Serratia 

liquefaciens and plymuthica). MorganelIa morganii andListeria monocytogenes failed to 

grow in the roe agar. 

Thus at the conditions 5°G and oxygen limitation Vibrio spp. were inhibited by several LAB 

in a substrate close to lumpfish roe with pH 5.4 (buffered) and 4 % salt. The mechanismof 

inhibition was not further investigated, but at these conditions, neither acid production nor 

production ofhydrogenperoxide was likely to have caused the antimicrobialeffect. Though 

not vety relevant in terms-of lightly salted-Iumpfish roe'preservation; futureinvestigationof 

the nature of inhibition of Vibrio spp. by LAB would beinteresting from a scientific point of 

view, and it may be possible, thatinhibition of Vibrio spp. occur in the roe products as well. 

Though closer than a nutritious laboratory medium, roe agar is still not identical to the roe 

products. As adihition step and heat treatmentis part ofthe processing ofroe-intoroeagar, 

growth conditions must be expected to be 1ess supportive than those of the roeproducts~ -­

This may have caused the lack of growth of the two target organisms in the roe agar. As 

tested in a trial, Listeria monocytogenes was able to grow in roe extract, but not in roe agar 
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(regardless ofthe pre-culturing medium, experiment 3 ofnote S). The lower concentration of 

nutrierits, combined with reduced diffusion of nutrients in the agar, may have caused 

insufficiency of substrates for growth of Listeria monocytogenes. 

Consequently it was considered necessary to go back to using laboratory media, and a non­

specific well diffusion assay with 31 LAB roe isolates were performed in APT -agar with 

Listeria monocytogenes OS7 as the target organism (incubation conditions were SOC and 

oxygen !imitation) (experiment 3 of note S). 

A total of 8 of 31 LAB produced inhibition zones against Listeria monocytogenes, 40fthose 

however only very narrow zones (:::; 1 mm). 

In summary the yield ofthe isolation experiments were spars e in terms of strains with 

biopreservation potential. Apart from 27 of 43 LAB producing inhibition zones against 

Vibrio spp., only 4 LAB producing significant inhibition zones (6 - 12 mlll) against Listeria 

monocytogenes and no LAB producing inhibition zones against Enterobacteriaceae was 

obtained. 

Thus the good intentions to mimi c product conditions was not entirely successful, and 

illustrates the importance of developing an optimal substrate for use in antagonism assays 

(and for other studies ofbacterial isolates from lightly salted lumpfish roe as well). It can be 

repeated here, what was stated in chapter 4, that a sterile, non-heated model substrate of 

desalted (lightly salted) lumpfish roe composition is highly desirable in this regard. 

6.5 Effect of LAB inoculatedin roe prod uets 

6.5.1 Effect on Listeria monocytogenes 

The effect of selected LAB on growth of Listeria monocytogenes has been determined in 

normal roe products. Three LAB strains were se1ected in lightly salted lumpfish roe, which 

in the antagonism assay had pro duc ed inhibition zones of 11 - 12 mm (strain L31), 6 - 7 mm 

(strain F61-1) and O mm (strain F44). A mixture ofstrains F61-1 andL31 was also included, 

and the LAB (S - 7 log cfu/g) were inoculated with two strains of Listeria monocytogenes 

« 1 log cfu/g) (experiment 1 ofnote 6). 
The results showed, that the LAB strain with the most pronounced effect on growth ofboth 

Listeria monocytogenes, was strain F44, not producing inhibition zones in the laboratory 

medium. The effect of inoculation with LAB F44 on growth ofthe two Listeria 

. monocytogenes is shown in figure 6.1. At least the only known difference between roe 

batches with good or poorer growth of Listeria monocytogenes was the addition ofF44. 
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Figure 6.1 Effect of inoculati~n with LAB F44 on growth at 5°C oftwo Listeria 
monocytogenes strains in lightly salted lumpfish roe (4 %WPS, pH 5.4, vacuumpacked). 
+: Listeria monocytogenes, • (punctured lines): LAB. Closed symbols: roe inoculated with 

Listeria mdnoqytogenes alone,. 0Jle~ s~b_ols: r~_~ _il1?cula~~~ wi~~ Lis~eri~ m~~~_cyt~ge~~s 
and LAB F44 .... : Below detectIon hmIt (data from note 6, expenment 1). . -

LAB F44 was inoculated at a levelof 7 log cfu/g, andthe LAB counts only changed slightly 

during storage. Inhibition ofListeria monocytogenes by a non-gro wing Pediococcus sp. 

inoculated at 6 log cfu/g in sausagemix haspreviouslybeen reported (Berry et al. 1990). 

According to Ray (1992c) live ceTIsof non-growing LAB, irihibitirig-pathogetiicand spoilage 
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bacteria, is assumed to either act as carriers of or produce ailtimicrobial compounds other 

than fermentation acids, and both bacteriocins and hydrogenperoxide was suggested. 

As shown in figure 6.1, counts of the best growing Listeria monocytogenes HO 18 were 

around 4 log units lower after 39 days of storage compared to roe not inoculated with LAB 

F44, while the poorly growing Listeria monocytogenes 057 decreased to < 2 log cfu/g. It is 

. not known whether prolonged storage would have resulted in further inhibition of Listeria 

monocytogenes, or renewed growth as earlier reported by Ben Embarek et al. (1994). 

The effect of LAB F61-1, L31 and their combination on growth of HO 18 was weaker (similar 

for all three), and counts ofH018 after 39 days were only::; 2 log units lower (around 6 log 

cfu/g) than those ofH018 alone. The inoculum ofLAB L31 tume d out to be only 5 log cfu/g, 

which however apparently increased to above 7 log cfu/g after 11 days. After 39 days there 

was no effect of LAB F61-1, L31 or their combination on Listeria monocytogenes 057. The 

growth curveof 057 was however changed, as the LAB inoculum seemed to have enhanced 

growth of057 during the first partofthe storage, while slower growth thereafter resulted in 

unchanged final counts (note 6, experiment 1). 

The experiment once again underlined the importance of the availability of an appropriate 

substrate, as the antagonistic activity, which F44 seem to have against Listeria 

monocytogenes in the roe products would have passed undetected, if only an antagonism 

assay in laboratory medium had been performed. 

The experiment also showed, that LAB F44 (belonging to group B2 of presumptive 

Carnobacterium sp. defined in paper 3) may have biopreservation potential in terms of 

Listeria monocytogenes inhibition in lumpfish roe products. 

LAB of group B2 produced weak off-odours in pure culture in pasteurise"cllightly salted 

lumpfish roe (section 4.6.2). LAB F44 have however ålso been included in another storage 

experiment as a mixture with LAB V6 in lightly salted lumpfish roe preserved by addition of 

2.8 % (w/w) sodium lactate (experiment 3· ofnote 6). The inoculum of around 7 log cfu/g 

remained unchanged throughout storage of the roe (116 days), and no sign of spoilage 

developed. 

The addition of2.8 % sodium lactate totally inhibits growth of Listeria monocytogenes (see 

. section 7A.1), but in preserved roe with F44 and V6 it was noted, that after one month at 

5°C, Listeria monocytogenes was detected in two roe j ars at a levelof 3 log cfu/g, after 

which the count decreased to undetectable levels (table 10 ofnote 6, batch 2). It is not 

known whether the inoculated LAB metabolised sodium lactate present in the product. Such 

effects should however be carefully examined if a biopreserving culture is to be used in 

combination. with other antimicrobials such as sodium lactate. 
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6.5.2 Effect on Enterobacteriaceae 

As no LAB candidates for biopreservation directed against Gram-negative spoilage 

organisms was obtained from the assays in roe agar, experimfmts have been performed using 

the &trliin V6 mentioned-ah9ye. J~he strain (?euponostoc sp.) ~~iginat~~ from another lightly 
preserved fish product (non-spoiled sugar-salted herring) store d at 10°C, and have in a disc 

assay beenshown to have antagonistic activity against a range ofbacteria inc1uding Gram­

negativ~s such as Shewanella putrefaciens, Serratia spp., MorganelIa morganii, Aeromonas 

spp. and Yersinia enterocolitica (Jeppesen and Huss 1993a). The inhibitoryprinciple(s) was \ 

not identified, but the authors stated, that acidification by V6 was less pronounced, than that 

of other examined LAB exhibiting weaker antagonistic activity. Hydrogensulphide 

production may have played a role, but is not likely to occur in lightly salted lumpfish roe 

products. Prevention of growth of low (~ log cfu/g) but not higher (4 log cfu/g) numbers of 

Yersinia enterocolitica by V6 was later also'demonstrated in shrimp extrac1at 5°C (pH 5.8, 3 

% WPS) (Jeppesen and Huss 1993b). 

Lightly salted lumpfishroe has -been inoculated with V6 at- a levelof ~--log-Gful-g.·Both---.. 

naturally contaminated roe product and roe product, which in addition were inoculated with 

MorganelIa morganii, were added V6 and stored at 5°C. The development ofEnterobac­

teriaceae and LAB during storage for 80 days is shown in figure 6.2. 

As Enterobacteriaceae counts vary among double determiniitions, the results should be 

interpreted with precaution. No systematic inhibition ofnaturally occurring 

Enterobacteriaceae by V6 could be noted, whilejn roe with MorganelIa morgan ii there 

seerne d to be a slight inhibition, which however became less pronounced, when the storage 

time approach ed three months. 

" 

It should also be noted, that when only roe without V6 isconsidered in the figure, the 

naturally present LAB flora seem to be affected by the presence' of MorganelIa morganii, and 

slower LAB growth occurred in roe without MorganelIa morganii. In fact thisapparent 

effect was equally strong as the effect of V6 on Enterobacteriaceae observed in roe with. 

MorganelIa morganii. Still the effect may not beconsistent, when the variation ,among 

double determination. (different dev~lopment in individual jars ofroe) is considered; - -. - -- , 

The conclusion from the experiment is, that the inhibition of Enterobacteriaceae by V6 do 

. not offer good prospects for a convincing ensurance of a three months shelf lif~. 

An additional aspect of LAB inoculation should be mentioned. Ina preserved roe product 

(2.8% (w/w) sodium la.ctate), growth ofEnterobacteriaceae was totally inhibited (se section 

7.4.1), but when LAB V6 + F44 were added (7 log cfu/g), growth ofEnterobacteriaceae 

occurred to a levelof 4.5 - 5 log cfu/g after one month. At the end of storage (116 days) 4.1 ' 

log cfu/g Enterobacteriaceae were still detected (table 9 ofnote 6, batch l). Eight randomly 
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picked isolates (116 days) belonged to Enterobaeteriaeeae group 1, presumptive Serratia 

liquefaciens (table 13 ofnote 6). This seerned to be similar to the effeet ofV6 + F44 on 

Listeria monocytogenes in roe pro duets preserved using 2.8 % (w/w) sodium laetate, 

mentioned in the previous seetion. 
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Figure 6.2. Effeet ofinoeulation with LAB V6 on growth at 5°CofEnterobaeteriaeeae in 
lightly salted lumpfish roe (4 % WPS, pH 5.4, vaeuum packed) .• Enterobaeteriaeeae, 
... (punetured lines): LAB. Closed symbols: roe without V6, open symbols: roeinoeulated 
with LAB F44 (data from note 6 experiment 2). 

81 



Biopreservation of lightly salte d lumpfish roe. Chapter 6. 

6.6 Perspectives in biopreservation of salted, lumpfish roe produets 

As discussed in this chapter the prospects of biopreservation of lightly salted lumpfish roe 
using live LAB cultures, active against both Listeria monocytogenes and Enterobaceriaceae, 

. -
is not good. In the literature, there are some reports on unidentifi~d compounds produced by =~ : 
LAB active against Gram-negatives. Among these some authors have noted inhibition of 

Gram-negatives, which could be reduced or eliminated by proteolytic enzymes (Spelhaug 

and Harlander 1989, Vignolo et al 1993, Simonetta et al 1997), and Santos et al. (1996) 
reported an inhibitory effect on Aeromonas hydrophila by a Lactococcus lactis both in agar 

assay and mixed culture. The effect could not be eliminated by catalase or proteolytic 

enzymes, and could only be reduced (not eliminated) by neutralisation. Yet until these 
inhibitory substances are purified, identified and their mode of action established, it is not 

possibie to evaluate the future potential of such compoundsfor preservation of foods. 

Still alternative strategi es could be considered in obtaining a biopreserved lumpfish roe 

product. It was evaluated in this project, whether a product may be developed with somewhat 

lowered pH (a.:toUiid 5:0) obtained by LAB fermentation of appropriateamountsof glucose. 

Bacteriocin producing LAB were to be used, providing an additional hurdle against Listeria 

monocytogenes. In a storage trial1 % (w/w) glucose was added to lightly salted roe, and a 
roe batch was also inoculated with the previously described strain V6 (note 6 experiment 4). 

The pH dropped below 5, and glucose concentration needed adjustment. The strategy was 
however not at all proven successful, as the glucose·addition resulted in gas production, both 

in roe with and without V6. Therefore the idea wasnot further pursued. 

Thus if a fermented product is rul ed out, it is necessary to stay with the sensory unchanged 

products, as originally intended. Based on the possibie antagonistic principles discussed in 

this chapter, it seems that biopreservation of lumpfish roe products using LAB cultures, may 
be limited to those products in which the Gram-negative flora is eliminated, and inhibition of 

Gram-positive spoilage organisms can be based on bacteriocin producing strains. It can be 

suggested to examine the possibility ofblopreservation oftho'se roe products existing today, 

which have higher salt concentrations (and longer shelflives), than the lightly salted 

lumpfish roe examined in ihis project. Such products seem to be dom~nated 
and eventually spoiled by LAB, as earlier reported by Huss et al. (1984) (~5.7 % WPS), 

Control of spoilage LAB by bacteriocinogenic LAB in vacuum-packed beef has been . 

reported by LeisrteTetåL(1996}and bacteriocinogenic LAB has been suggested for control 

ofspoilage LAB (and pathogenic bacteria) irivaciiiiIri":packedIMAPnieats by McMullen and 

Stiles (1996). 

Even if potentialbiopreserving cultures of LAB can be found, which produce bacteriocins at 

product relevant conditions, 'active against the relevant target organisms of the chosen roe 
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product(s), without negatively influencing the sensorycharacteristics, some possibIe obstacles 

, needs consideration in addition. These are briefly discussed below and are of general concem 
in application of bacteriocin producing LAB for preservation of foods. 

While the safety of many LAB strains has been accepted after a long history of use in 
traditional foods, the ,pathogenic potential ofLAB aredebated, as new strains are being 

introduced. Data from animal studies indicåte, that most LAB does not 'possess acute toxicity 

when ing~sted in large amounts (Donohue et al. 1993). However it is important to test new 
strains for their ability to cause infections including bacteremia, as some LAB have been 

associated with a variety of clinical conditions (Aguirre and Collins 1993, Harty et al. 1994). 

Yet Adams and Marteau (1995) reported for the LABIP(Lactic Acid Bacteri~ Industrial 

Platform) workshop on the safety ofLAB, that'apart from the enterococci, the overall risk of 

LAB infections isvery low. They also stated that in all known cases, patients had underlying 
conditions, and no LAB infections have been reported in otherwise healthy people. 

Bacteriocins may not be sufficiently effective in the food, even if produced by well growing 

LAB at produet relevant conditions. This ean be due to inactivation or to the emergence of 

resistant target organisms. Regarding the former both regular destruetion (e.g. non-specific 

degradation by naturally present proteolytic enzymes, oxidation) and inactivation by binding 
to food components or additives, may compromise the efficiency. Also phage infections or 

loss ofbacteriocin producing ability may occur (DaescheI1993). Food pH is also important, 

art example of which is the reduced solubility of nisin above pH 5, limiting its use (Stiles 

1994). 
The mechanisms of acquired resistance to bacteriocins is not well known. Nisin resistance has 
been studied the most, and the produetion ofnisinase (nisin degrading enzyme) by several 

bacteria has been revealed (DaescheI1993). Still other mechanisms seem to exist. Davies and 
Adams (1994) suggested resistance of Listeria monocytogenes to nisin to be acquired by 

a4aptation of either the cytoplasmic membrane or cell wall. Later Mazzotta and Montville 
(1997) demonstrated that nis in induced changes in the fatty acid composition of the 

membrane in nisin-resistant Listeria monocytogenes regardless of the growth temperature. 

Ming and Daeschel (1995) found asignificant decrease on the amount of three individual 
phospholipids in resistant Listeria monocytogenes, and the cell surfaee were les s hydrophobic 
compared to sensitive cells. Strains spontaneous resistant to other bacteriocins also occur 

(Daeschel 1993), and the problemneeds further investigations in order to evaluate the 
possibIe consequences in food applications. In order to reduce the risk, combination of strains 

producing different bacteriocins have been suggested. This strategy may even enhance the 

antibacterial effect as reported by Hanlin et al. (1993). These authors noted a greater 
antibacterial spectrum and activity of the combination of nisin and pediocin AcH, compared 

to each of the bacteriocins alone. 
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Chapter 7. Preservation using lactic acid/lactate 

7.1 Introduction 

. ,-- "- -.... _ ..... . 

As aIready discussecl in sectiDn 6.1 the primary targetsof ihhioitiDn are Enterobacteriaceae-

and Listeria monocytogenes, and the shelf life Df lightly salted lumpfish roe ShDUld be at 

least three mDnths. Lactic acid and lactates are GRAS (generally recognis.ed as sale) 

additives (CDde DfFederal RegulatiDns nD.21, U.S. GDV. § 184.1061, § 184.1639, § 184.1768 

c.f. Shelef 1994), and nD technical problems have to. be sDlved in the productiDn, as technical 

applicatiDn Dnly requires thDrough mixing, which is aIready a part Df roe processing. Lactic 

acidllactate used in this project is sDld under the descriptiDn "naturallactic acid", meaning 

thatL( + ) lactic acid is prDducedby fermentatiDn, while chemical synthesis wDuld yield a 

racernic mixture (Den Uijl and van Burik 1990). 

In this chapter the mDde Df actiDn and use as a fDDd preservative Df l~ctic acid and lactates 

are described. Results are presented from stDrage experiments carried Dut with roe products 

preseIVed b~_the_ use. ofJactic __ acidlsJ)diuml~ct~t~_~~_~ a11~tn~!i~€:?_~,? __ ~~p~~s~!y~!i~~_ ~sj~~ _ 
live LAB cultures 

7.2 Mode of action 

Organic acids including lactic acid have f Dr a IDng time been used to. ensure microbial 

stability Df fDDds, either directly added Dr as the result Df fDDd fermentatiDn. The 

antimicrobial effect depends as mentiDned in sectiDn 6.3.1 upDn several factDrs, which 

include the effect Df the pH itself, the cDncentratiDn Df ll;ndissDciated acid, the kind Df acid 

and the kind Df Drganism to. be inhibited. It is generally accepted that the antimicrobial 

activity is primarily ascribed to. the undissDciated fDrm DfshDrt chain carbDxylic acids such. 

as.acetic and lactic acid, which are able to. enter the bacterial celI. Once inside, the mDlecule 

dissDciates according to. the internal pH and eventually causes acidificatiDn Df the cytDplasm, 

when the capacity_Df energycDnsuming.cellular, me.chaniSIlls. f Dr l1}~!lta,iningjntern_alpH i~ 
exceeded. LDwering Df internal pH may have numerous effects Dn the cell function 

interfering with the cell membrane and metabDlic enzymes (Adams and Hall 1988, Baird 

Parker 1980,Corlett and Brown 1980, Grau 1981, Kabara andEklund 1991). . 

Regarding the effect Df external (fDDd) pH in itself, a high protDn (H30+)cDncentratiDn may 

interfere with essential activities such astranspDrt of nutrients hy- affectingcDnformatiDnand_ 

activity Df proteins IDcated· Dutside the membrane. High protDn cDncentratiDn in itself dDes 

nDt affect the internal pH to. the same extent as permeant weak acids (Brown and BDDth 

1991). AcidificatiDn Dfthe cell interiDr gDverned by pH alDne relies Dnvery IDW pH, that 
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may be unacceptable in most foods (Corlett and Brown 1980). A sole pH effect may 

optimally be observed by controIling pH with a strong acid. 

Rosso et al. (1997) analysed data from the literature reporting minimum pH for initiation of 

growth (pHmin) in the presence of several different acids (at otherwise optimal growth 
conditions). They found a simple relationship between the pKa ofthe acid used and the 

pHmin, and proposed a model for predicting pHmin values in the presence of any other acid for 

a given strain in a given growth medium. They found the relationship to consist oftwo 
phases, and interpreted this in the manner, that for acids with pKa values belowa certain 

threshold, pHmin seerned to be constant (absolute pH minimum - for the analysed data 
around pH 4) corresponding to the maximum proton concentration in the medium. Above the 

threshold pKa value the bacteria would behave in a pattem that suggest a concentration 

effect. This upper phase must be considered the relevant one in most foods. 

The effect ofthe concentration ofundissociated organic acids on spoilage and pathogenic 

bacteria (23 different Enterobacteriaceae) from silage was examined by Ostling and 

Lindgren (1993) in a pH interval between 4.2 and 5.4 in a liquid medium incubated 
aerobically or anaerobically at 30°C. They demonstrated that the minimum inhibitory 
concentration (MIC) ofundissociated lactic acid remained fairly constant within the defined 

pH-range, although a higher total concentration of acid was required to inhibit the bacteria at 

the higher pH levels (more distantto the pKa value). They concluded that the inhibitory 

effect ofthe acids in this pH interval, was caused mainly by the undissociated acids. The 

same conclusion has been reached by Adams and Hall (1988), who studied the effect of 

lactic and acetic acids on growth of Escherichia coU and Salmonella enteritidis, and by Grau 
(1981) who studied the growth offour Gram-negative fermentative bacteria on meat and in 

broth at various combinations of pH, lactic acid concentration and oxygen availability. 

Though the inhibitory effect on growth ofbacteria is mainly caused by diffusion into the cell 
of undissociated acid, the effect obtained is also influenced by the kind of acid and the 
organism to be inhibited. 

Youngand Foegeding (1993) reported the inhibitory effect on Listeria monocytogenes Scott 

A (in terms of reduced growth rate) of undissociated acids to be in the order citric > laetic> 
acetic acid, when the effect bf equimolar amounts of undissociated acid at similar pH values 

(pH 5 and 6) were compared. This could be due simply to the difference in pKa values of the 

acids, since similar amounts of acids diffusing into the cell, would dissociate fo a different 
degree once inside, thus affecting the intemal pH differently. However other factors such as 

active transport of acids into the cell, excretion or ability ofthe cell to metaboIise acids may 

also play a role in the observed differ~nces in inhibitory effect (Young and Foegeding 1993). 
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Influence by such mechanisms would also govem differences in response to specific acids 

among different bacteria. 
Diez-Gonzales and Russel (1997) reported different response to acetate by two Echerichia 

coli strains; E. coli 0157:H7 tolerated much higher levels than E. coli K-12. The tolerance 

could be expJll!lled by fundamental differences iJ?:~~tab()lism and intracellular pH 
regulation. By decreasing the intracellular pH an:d-producinglarge amounts·oflactate;=---

0157:H7 was able to decrease the pH gradient over the membrane, and prevent toxic 

accumulationof acetate. In his review Russel (1992) also concluded, that accumulation of 
potentially toxic concentrations of acid anions does not occur in bacteria, that maintains·a 

constant pH gradient across the cell membrane rather than a constant intemal pH. According 

to Russell (1992) the effect of undissociated acids at low pH, which dissociates after 
entering the cell, is not just explained bythe effect on pH, but also the accumulation of acid 

anions. There may however be good reasons why all bacteria do not allow intemal pH to 

decrease and maintain a constant pH gradient. Only certain carriers are pH sensitive such as 

those for glutamate in different LAB. Those bacteriafor which glutamate/glutamine is 

essential, try to maintain intemal pH, while others for which glutamate is not essential, allow 

intemal pH to. de~rease. As Strep~bovis allows intemal pH to ~ecrease, certain metabolic 

enzymes are inhibited, and this is coped with by a shift in fermentation pattem resulting in 
different end products (Russel 1992). 

Thus the different effects on different organisms seem to depend upon numerous factors 
determining how a specific microorganism can cope with the acids. 

A low pH resulting from acid addition may change the sensory characteristics of food in an 

unacceptable manner in terms of taste and texture. Soumess may in some products be 
acceptable, while in others it may be equated with spoilage and thus be unwanted. In 

proteinaceous foods, texture may be affected by acid addition,because the proteins 
coagulate around their isoelectric point and thus limit the use of acids (Brown and Booth 

1991). Due to these limitations other strategi es have been developed. These include the use 
ofthe acid .salt such as sodium lactate or the use ofbuffered systems. The latter have been 
applied in products like mayonnaise, sauces, dressings and salads (Debevere 1987). 

Inspite of acidaddition to pH levels of 3.7 - 5.0, spoilage problems due to Lactobacillus 

spp. and yeasts occurred frequently in those products. Debevere (1987) used buffering to a 
certain pH, and demonstrated a greater microbial stabilityofindustrial salads buffered to pH 

4.9 containing lactic and acetic acid, than unbuffered salads with the same pR By the use of 
buffering, the. system simply allowed the addition of higher c()Ilceht'ration of acid without a . 
subsequent drop to __ veryJow pH .levels. 

The system was in another experiment also proven effective in a buffered medium against 
Salmonella blockley, Echerichia coli, Staphylococcus aureus and Streptococcus faecalis 
(Debevere 1988). 
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The use of the acid salts such as sodium lactate serves a similar purpose in terms of 

increasing the concentration without decreasing the pH. As the pH at equilibrium after 

lactate addition is higher, than after lactic acid addition, the concentration of undissociated 

acid relative to dissociated acid is lower, which can be observed from the basic relationship 

described by the equation (C indicates the concentrations ()f dissociated and undissociated· 

acid) (modified from DiIlard and Goldberg 1971): 

pH = pKa + log Cdiss 

Cundiss 

Therefore in order to obtain a certain absolute concentration ofundissociated acid, larger 

total,amOimts are required when using sodium lactate compared to lactic acid. 

Den Uijl and Van Burik (1990) discussed the preserving effect oflactic acid and lactate. The 

effect of lactate was attributed to a water activity lowering effect and a "specific lactate ion 

effect". The nature of the "specific lactate ion effect" was not explained, but the existence of 

such an effect was suggested due to results showing a greater inhibition by sodium lactate 

compared to sodium chloride added to similar water activities. Wit and Rombouts (1990) 

reported an experiment in which the antimicrobial effect of sodium lactate was compared to 

the effect of sodium chloride at similar water activities (0.958) in terms ofincreaserl lag­

phase and decreased growth yield of Stapbylococcus ·aureus, Salmonella thyphimurium and 

various LAB (inoculated to 4 - 5 log cfu/g in laboratory medium pH 7.2). They concluded 

that in spite ofa low concentration ofundissociated acid (0.2 mM) in the medium, there was 

an antimicrobial effect of sodium lactate, that could not be ascribed to its water activity 

lowering effec( and several factors were suggested to influence the effect. Among these 

were the possibility, that the membrane permeability to lactic acid may be higher at higher 

pH (around neutral), and the accumulation oflactate ions may be counteracted by carrier 

mediated efflux, which requires energy and results in a reduced growth rate . 

. Buchanan et al. (1993) found that the inactivation by both .Iactic acid/lactate and acetic 

acid/acetate was strongly correlated to the concentration of undissociated acidsalso at near 

neutral pH. In their experiment inactivation of Listeria monocytogenes (initially 8 log cfu/g) 

was observed in media with different combinations of pH (4, 5, 6 and 7) and lactic 

acid/lactate or acetic acid/acetate concentration (0.1,0.5, 1.0 and 2.0 M). The effect on 

Listeria monocytogenes was expressed as time to a 4-D (99.99 %) inactivation. They found a 

linear relationship between log 4-D inactivation times and the square root of undissociated 

acid concentration. The authors stated, that the antilisterial activity of both acids remained 

attributable to the concentration of undissociated acid, and argued against alternative 
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hypotheses of separate inhibitory mechanisms at higher pH-values. According to their 

conc1usion increases in antimicrQbial activity can be expected if the pH is lowered even to a 

small extent, to become c10ser to the pKa ofthe acid. 

Result~_~~portecl by Houtsma et al. (1996) i111:l~t~ate ~~e different modes of action_?_~ sodium 
lactate -at various conditions, and the differenreffects-on different bacteria. The authors ;­

analysed MIC values for sodium lactate at different pH levels (5.7 - 7.0) to Gram-positive 

and Gram-negative spoilage and pathogenic bacteria relevant in meat, and compared the 
results to the MIC values for NaCI at similar pH. The bacteria could be divided in two 

groups according to their response. For one grOUP (Carnobacterium piscicola, Listeria 

monocytogenes, Salmonella enteritidis and Pseudomonas fragii) MIC values for sodium 

lactate were reduced as pH decreased, and the difference between the MIC values and those 

for NaCI increased. However calculation ofundissociated acid concentrations revealed, that . . .... '. .. . _.0.. ' 

at low pH more undissociated acid was present at inhibition than athigh pH values. The 
. . . 

authors explained this phenomenon by a shift in the relative importance of inhibition due to 
undissociated acid and inhibition due to lowering of water activity. At high pH the MIC 

v~lll~~ JQL tot~lJl.9id_~!pQæ~~1)._~dth~_MJ_~ values for NaCI indicating that lowering of water 
,- - -"'----.- "--------_.-. __ . __ ._--_._----- ------_._-_._._---------- -_.- -----------

activity by high concentrations of lactate ions was the main effect. At inhibitive 

concentrations at low pH lactate ion concentration was much lower, the effect on water 
activity was reduceq., and the main effect may be ascribed to the undissociated acid. For the 
second group ofbacteria (Staphylococcus aureus and LAB other than Carnobacterium spp.) 

MIC values for sodium lactate were unaffected by pH. As these organisms were able to grow 

at rather high NaCI concentrations (unaffected by pH in the range of 5.7 - 7.0), the MIC 

values for sodium lactate were considerably lower than those for NaCI. The generallack of 
" decrease ofMIC values for lactate at decreasing pH was, by the authors, explained by the 

ability of these organisms to cope with undissociated lactic acid at low pH by maintaining a 
constant pH -gradient over the cell membrane instead of maintaining a high internal pH, as 
previously mentioned. 

In her review Shelef (1994) noted that the antimicrobial effect of lactates, in addition to the 

possibIe effe(;ts~escribed ~1:>()v~f1J!ld:iss()ci~ted 3:c(d,vva.~~r~(;tiv~ty~, gtayals-,?jncJu~e_ an 
effect due to its chelating properties. Shelef suggested that chelation of iron in meat may 

contribute to the antilisterial activity of lactate. Such properties mayaiso explain the effect 

on TBA-values during storage ofCatfish fillets reported by_Williams et al. (1995). TBA 
valueswere significantly lower in fillets treateciwith 2% sodium lactate comparedtQ .. 
untreated fi11et~. 
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Thus the mechanisms ofinhibition by lactate seemto be complex, and are still under 

investigation and debate. Factors goveming the different responses among microorganisms to 

lactate are yet just beginning to be elucidated. 
Briefly summarised the antimicrobial effect of lactic acid, lactates or their combinations for 

preservation purposes seem to be comprised of at least three effects: An effect of pH, a water 

activity lowering effect and an effect of the undissociated acid entering the cell, causing an 

increase inintemal concentration ofH30+and acid anions. The relative importance ofthese 

effects on a microorganism depend upon the combination ofpH and added amount ofacid 

and/or acid salt in the preserved food. 

7.3 Lactic acid/lactate in meat and fish 

Many papers have in the recent years been published on treatment of especially meat and 

meat products, but also fish by dipping in lactic acid or lactate solutions resulting in 

increased shelf lives or reduced growth/reduced contamination by pathogenic bacteria, for 
example Greer and Dilts(1995) (3 % lactic acid solution for pork), Williams et al. (1995) 

(~2 % sodium lactate for catfish fillets),Papadopoulos et al. (1991)(~ 4 % sodium lactate 

for cooked beef) and Palumbo and Williams (1994) (5 % lactic acidfor frankfurters). 
Quantitative comparison to lightly salted lumpfish roe is however difficult in many of the 

reported expefiments, as the treatments are most often specified in terms of spraying or 
, dipping for a certain time in lactic acid/lactate solutions containing certain concentrations. 

Several reports on the addition of lactic acid/lactate into the food in known concentrations, 

are however also available, especially with the aim of inhibiting Listeria monocytogenes. 

Shelefand Yang (1991) reported reduced growthof Listeria monocytogenes (inoculum 2 log 

cfu/g) in sterile comminuted beef at 5°C. When 4 % potassium lactate was added, the counts 
were 3 log cycles lower after one month. Pothuri et al. (1995) demonstrated a steady decline 
of Listeria monocytogenes (initially 4 log cfu/g) in heat sterilised vacuum pac ked Crawfish/ 

tail meat homogenate at 4°C in the presence of2 % lactic acid. With 1.5 % counts increased 

'less thim 1 log cycle in 20 days. Growth of Listeria monocytogenes (initially 2.5 log cfu/g) 
was inhibited by 2 % sodium lactate in bologna-type sausages at 5°C for 28 days. The 
addition was reported to only slightly lower the sensory score compared to control sausages 

(Qvist etal. 1994). In comminuted raw vacuum packed salmon stored at 5°C, growth of 

Listeria monocytogenes (1 log cfu/g) was totally inhibited by the combination of2 % (w/w) 

sodium lactate and 3 % WPS for 50 days. At 10°C growth was totally inhibited for 35 days 
'by 3 % sodium lactate and 3 % WPS (Pelroy et al. 1994). Thus the effeet isjnfluenced by 
other hurdles of the particular product. ' 
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Inhibition of 178 Enterobacteriaceae (59 Serratia liquefaciens, 14 Ser. marcescens, 55 

Enterobacter a~rogenes and several other meat species) by lactic acidJlactates was examined 
by Gill and Newton (1982), who found that only around 20 % ofthe strains were unable to. 
grow at pH 5.5 (lowered with lactic acid) at 2°C (aerobically), and the inhibited strains 

inc;J!lqed only 3 of the 59 Serratia lique[a.c~ens. 
OSiling an:a Liridgren (1993) found MICva:lues-for lactic acid to beslightly lower at-­

anaerob ic than aerobic conditions, and MIC values (undissociated acid) were 2 to 5 times 
higher for 23 examined Enterobacteriaceae than for Listeria monocytogenes. 

Shelef(1994) reviewed reports from the literature on inhibitive levels oflactate in meat 

products, and the levels reported to irihibit growth bf the aerobic or anaerobic microflora, 
growth ofListeria monocytogenes or delay toxigenesis by Clostridium botulinum (proteolytic 

and non-proteolytic) were in the range 1.2 - 4 % (w/w). 

The reports available from the literature represent a range of different concenttations of . 

lactic acid or lactate, different pH values in the foods/media and different temperature 
conditions. The antimicrobial effect has been reported to be enhanced at decreasing 

temp~ratM[eS (Sll~lef awl Y3:Ilg 1991, Grau 1981). However in a study of 30 strains ofGram­

positive and Gram-negative environmental and type strains Houtsma et al. (1996) found the 
MIC values of sodium lactate in laboratory medium to be unaffected by temperature for most 

strains (4° to 37°C). When MIC values were affected, they were reduced at decreasing 
temperature. The n.ature of the food itself mayaIso influence the effect of lactic acidJlactate 

as noted by Shelef and Yang (1991), who found Listeria monocytogenes to be more sensitive 

to lactate in beef than in chicken. Obviously in product formulations, where lowering of 
water activity iscontributing to inhibition of the bacterial flora, the additional presence of 
NaCl will also influence the effect. 

7.4 Preservation of lightly salted lumpfish roe using lactic acid/sodium 
lactate 

7.4.1Effec~ on sPl!ilage and on growth of Listeriamonocytogenes 

In this project the effect of 2.8 % (w/w)sodium lactate on growthof Serratia roe isolates in 

roe extract, and the effect Oll microbial development during storage oflightlysalted lumpfish 
roe~has been determined. 

In this~OIJJ:tection it shouldbe.explained, that the aim was to examine the effectof2% 

(w/w)sodi.um lactate, that is mentioned as·a general recommendation for meat products in 

the review by Shelef (1994). The product used in this project was Purasal®S/SP 60, a 60 % 

solution of sodium lactate. As the concentration was not further specified at delivery, the . 
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supplier was asked, and gave the erroneous answer that the concentration was given on 

volume basis. Later this tumed out to be inco~ect, and the concentration was now specified 

to be on weight basis (60 % w/w). This was experienced only after most ofthe experiments 

had been performed. 

Consequently due to the high density ofthe sodium lactate solution, the resuIting 

concentration of sodium lactate except for one experiment (note 7) was in fact 2.8 % (w/w) 

instead ofthe intended 2 % (w/w). 

In roe extract with the standard pH 5A and 4 % NaCI, no growth occurred by three Serratia 

liquefaciens and two Serratia plymuthica in the presence of 2.8 % sodium lactate, when 

incubated at 5°C for 67 days (note 2). In a preliminary experiment, it had been noted, that 

lA % (w/w) sodium lactate in roe extract was not sufficient to inhibit growth ofall Serratia 

isolates originating from roe products (data not shown). 

In lightly salte d lumpfish roe produced from heavily saIted roe by the procedure described in 

note 6 (pH 5A, 4.0 % WPS) the addition of2.8 % sodium lactate affected the development 

ofthe LAB and Enterobacteriaceae flora as illustrated in the upper parts offigure 7.1 and 

7.2. As the spoilage organism MorganelIa morganii cannat always be expected to develop 

naturally (chapter 4), roe was inoculated with this bacterium (lower parts offigures 7.1 and 

7.2). Roe inoculated with Listeria monocytogenes was also included in the experiment As 

standard lightly saIted lumpfish roe with a pH of5A have aiready been added.0.1 % lactic 

acid, the total concentration of lactic acid/lactate in the roe was 2.9 % (w/w). 

It is seen from figure 7.1, that lactate addition delayed the initiation of growth ofLAB, but 

did not affect the maximum counts obtained. It has not been examined, whether a shift in· 

LAB flora occurred due to selection of different strains in roe with lactate addition. Growth 

ofEnterobacteriaceae was inhibited by the lactate addition, both naturally occurting bacteria 

and the inoculated MorganelIa morgan ii (figure 7.2). Only in a few roe j ars did their counts 

reach 3 - 4 log cfu/g. The better growth ofEnterobacteriaceae observed in roe with 

MorganelIa morganii (figure 7.2) seemed to enhance growth ofLAB (figure 7.1), as earlier 

observed (section 6.5.2), but again considerable variation in Enterobacteriaceae counts 

among roe j ars was noted. The enhanced growth ofLAB is however the most typical growth 

curve ofthe two in lightly salted lumpfish roe (reaching counts of710g cfu/g in three weeks 

and remaining at this level, see chapter 4). 

In roe inoculated with Listeria monocytogenes no growth occurred in the presence of sodium 

lactate « l log cfu/g) during 80 days at 5°C. Counts of Listeria monocytogenes in roe 

without lactate reached a maximum of 4 log cfu/g after three weeks (table 4 of note 6), 

which is rather poor growth compared to previously obtained resuIts (section 5.2.2). Thus 

both LAB and Listeria monocytogenes grew worse in thi s experiIlJ.ent, than earlier observed. 
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One possibie explanation for this may lie in theavailable nutrients, since the concentrations 

of soluble compoUI\ds in different roe batches vary considerably (chapter 3). 
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Figure-7.1. Growth ofLAB at 5°C in lightly salte<:llumpfish roe (vacuum packed, pH 5.4 -
5.6.4 % WPS). Closed symbols: No lactate addition. Open symbols: 2.8 % (w/w) sodium 
lactate. ~: ~ 2 log cfu/g. (Data from table 3 ofnote6, roe batch 1,4, 7 and 8). 

In order to further confirm the suitabllityof sodium lactate addition as preservation method' 

for lightly salted lumpfish roe, a storage experiment of four months duration, which included 

odour assessments, was performed~ Theexperiment ~overedcombinations of2.8 % 

lactate/no lactate with normallightly salte d roe, roe inoculated with Listeria monoeytogenes 

and roe inoculatedwith MorganelIa morganii. 
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Figure 7.2. Growth ofEnterobacteriaceae at 5°C in lightly salted lumpfish roe (vacuum 
packed, pH 5.4 i 5.6,4 % WPS). Closed symbols: No lactate addition. Open symbols: 2.8 % 
sodium lactate. t: < 2 log cfu/g. (Data from table 5 ofnote 6, roe batch 1,4, 7 and 8). 

Apart from examining the effect on spoilage and growth of Listeria monocytogenes by 

sodium lactate, the experiment also had the purpose of examiningthe development of 

microflora and off-odours during storage of normal roe with and without the pn::sence of 

MorganelIa morganii, and ifpossible further confirm the conclusions reached in chapter 4. 

Figure 7.3 illustrate the development ofmicroflora and off-odours in unpreserved roe with 

and without the addition of MorganelIa morganii. The results confirm the conclusion 

reached in chapter 4, that LAB and Enterobacteriaceae (as determined on selective agars) are 
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4 % WPS, vacuum packed) during storage at 5°C. D Total viable co~.lJJs (lO°C). x LAB, . 
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the major groups ofbacteria comprising the microflora. In both roe batches presented in 

figure 7.3, LAB counts approached 6 log cfu/g in one month and remained at a levelof 6 - 7 

log cfu/g throughout storage. Enterobacteriaceae counts ofnatUrally contaminated roe had 

reached 6 log cfu/g in 3 - 4 weeks. Lower counts were observed after 74 days, after which 

counts retumed to a levelof 5 - 6 log cfu/g. This may indicate a shift in Enterobacteriaceae 

population, but on the other hand considerable variation occurred among double 

determinations (for example after 45 and 88 days). The roe was not rejected due to <:>ff­

odours, and only approached borderline after 116 days (figure 7.3). Among 7 isolates picked 

up from the RVG-G agar plates at the end of storage, one belonged to Enterobacteriaceae . 

(possibly Serratia sp., table 13 ofnote 6). The remaining 6 isolates were oxidase-positive, as 

also reported in previous experiments (see table 1 of paper 2, non-spoiled or borderline . 

batches 1,3 and 5). Thus in this particular roe batch, with its inherent combination of 

available nutrients and initial microflora, preservation was in fact not needed to prevent 

spoilage in a shelf-life period of three months. 

In roe with MorganelIa morgan ii fluctuations of Enterobacteriaceae counts were also 

observed, but less variation occurred among double determinations (figure 7.3). After the 

decrease of counts after 46 days, off-odour development seemed to follow the development 

of Enterobacteriaceae counts. Slightly higher LAB counts, however, also occurred in one of 

the j ars after·74 days. Both roe j ars examined after 74 days were rejected due to off-odours 

(sc·ore 2.5 faecal, sulphidy, sout - score 3.4 faecal, putrid, sulphidy, sour) and after 116 days 

(score 2.1 faecal, sour - score 3.5 faecal, cabbage-like, sour, old cheese) (table 11 ofnote 6). 

The Enterobacteriaceae counts were then just above 6 log cfu/g. After 88 days two non­

spoiled jars were examined with counts just below 6 logcfu/g). Among 12 isolates picked up 

from the RVG-G agar plates at the end of storage, 6 belonged to Enterobacteriaceae and 5 of 

those gave biochemical reactions similar to those of Morgan ella morgan i i inoculated into 

the roe (table 13 ofnote 6). The other halfofthe isolates were oxidase-positive as in roe 

without MorganelIa morganii. Thus MorganelIa morganii were present at a levelof 6 log 

cfu/g in the spoiled roe, and isthe likely cause ofthe different off..;odour development 

compared to non-inoculated roe. In non-inoculated roe with 2.9 % lactic acid/sodium laetate, 

total viable counts remained in general below 5 log cfu/g during storage, except for 5.6 log 

cfu/g obtained in one roe jar after 74 of storage (figure 7.4). Maximum LAB counts in the 

presence of lactate were lower in this roe batch compared to that shown in figure 7.1 A, 

which may be explained by differences in LAB floras among batches. Enterobacteriaceae 

counts remained below 3 .2 log cfu/g for 116 days at 5°C, and the roe was still non-spoiled at 

theend of storage. 
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Results were similar for roe with'lactate and MorganelIa morganii. Total viable counts did 

not exceed S log cfu/g and Enterobacteriaceae counts did not exceed 3.S log cfu/g. This roe 

also remained unspoiled with an off-odour score below l at the end of storage (tab le 7 - 9 

and Il of note 6, roe batch S). 
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Figure 7.4. Development ofmicroflora and off-odours in lightly salted lumpfish roe with 2.9 
% lactic acidJlactate (pH S.S, 4 % WPS, vacuum packed) during storage at soe. 
D Total viable counts (lO°C). x LAB .• Enterobacteriaceae (counts remained below 3 log 
cfu/g from 74 to 116 days of storage) .• OiI-odour score.+. : Below detection limit. (Data 
from table 7 - 9 and Il ofnote 6, roe batch 4). 

In roe without sodium lactate Listeria monocytogenes reached a maximum levelof 6 log 

cfu/g, thus higher than in the previous experiment. In roe with sodium lactate no growth 

occurred « 1 log cfu/g) in 116 days, and no Listeria were detected in non-inoculated roe 

(table 10 ofnote 6, roe batches 3, 6 and 7). Lactic acid (undissociated) have,previously been 

reported to be two to fivetimesmore efficient in inhibitingListe'ria.monocytogenes-than . 

Enterobacteriaceae (Ostling and Lindgren 1993). 

As the concentration of undissociated acid in the preserved roe unknown, the magni tude of 

the influence by this parameter on the observed effect on the ,microflora is also unknown. 

When attempting to adj ust pH of the roe to around S A by addition of-Iacticacid during this 

proj ect, a natural buffering could be observed in the manner that the pH increased when the 

roe were left to stand after pH adjustment (S.4). The amount ofacid needed t~ obtain a stable 

pH of around S.4 was 0.1 % (w/w), an amount which has been used as a standard addition 

96 



Preservation using lactic acidllactate. Chapter 7. 

through out the project. Half an hour of standing/mixing time before pH measurement has 

also been used as standard procedure. 
When titrating the roe with lactic acid solution, a steady slow decrease of pH was observed 
down to pH 4.5 and even slower when approaching pH 4 (data not shown). No jumps ofthe 
curve could be observed, and many different molecular groups are likely to participate in the 

buffering effect. 
The addition ofO.1 % lactic acid (i.e. 0.011 moles/kg or around 0.015 M in the water phase) 
resulted as described in a pH decrease ofhalfa pH unit (pH 5.9 to 5.4). At pH 5.4 the H30+ 

ion concentration is 4 X 10-6 M. The buffering effect can be illustrated by comparing this to 

the effect on pH of similar amounts oflactic acid in pure aqueous solution. A 0.015 M 

solution of lactic acid in water would have a pH of 2. 8 (pH = Ih (pKa ~ log total acid), Dillard 
and Goldberg (1971), pKa for lactic acid 3.86, (CRC 1988)). The corresponding H30+ ion 

concentration would then be 1.6 x 10-3 M. Thus the vast majority (around 998/1000) of 
H30+-ions form:ed during lactic acid additionwere consumed by the corresponding dry 

matter ofthe roe, and removed from the water phase (H30+ ion concentration at the initial 

pH 5.9 is neglected in the calculation). 

The subsequent addition of2.8 % (w/w) sodium lactate only caused a slight change ofpH, 

and the resulting preserved product contained 2.9 % (w/w) lactic acid/lactate and had a pH of 
5.5 (table 12 of note 6). 

Due to the influence ofthe natural buffering on the equiIibrium between lactic acid and 

lactate-ions, the relation, between pH and concentration of dissociated and undissociated acid 
is disturbed, and the equation mentionecl in section 7.2 is no longer valid. Therefore attempts 

have not been made to calculate the concentration of undissociated acid in the preserved roe. 

The experiments reported in this section showed, that 2.8 % sodium lactate is in lightly, 

salted lumpfish roe, able tokeep Enterobacteriaceae (or rather Gram-negative) counts at~ 3 

log cfu/g, and prevent spoilage odours from developing for more than three months. Some 
LAB seerned to be inhibited as well, while others reach maximum counts similar to those 

obtained without lactate, but at a later stage. An indirect effect on the LAB flora due to the 

lack ofEnterobacteriaceae growth, may contribute. Addition of2.8 % sodium lactate is also 
able to totally prevent growth (}f Listeria monocytogenes present in low numbers. 

7.4.2 Effect on sensory quality 

Sodium lactate Purasal®S/SP 60 is described by the purchaser as having a mild saline taste, 

whiIe bittemess may accompany the use of potass.ium lactate. As the roe produced from 

heavily salted roe has elements of both slight bitterness, rancidity and obviously salt taste, , 

the choice of sodium or potassium s~lt of lactic acid may not be crucial. However due to the 
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known bitternes s of potassium lactate, sodium lactate was chosen for the preservation of 

lightly salted lumpfish roe. 
The sensorycharacteristics of potassium lactate in combination with sodium chloride was • 

examined in a gelatine based model system by Breweret al. (1995). They found that as 

. potassium lactate ~Ql1c~ntnltion increased (O - 3 %), salti!,:~ss and bitternessincreased. ..", 
Bitterness was maslcedby T% NaCl, while both lower artdhigher'NaCl concentrations were ._c __ 

less effective in masking bitterness ofpotassium lactate. Kim and Brewer (1996) studied 

sensory characteristics of sodium lactate in a similar model system, and found increasing 

saltiness and increasing soapiness at increasing concentrations (O - 3 %). Bitterness was also 

recognised at higher concentrations, while reduced bitterness was observed at l % compared 

to O %. Combinations with NaCl were not included in that experiment. 

The effect on sensory characteristics of lightly salted lumpfish roe was determined by the 

intemal taste panel atABBA Seafood, Thisted, DK, consisting of 9 persons occupied at the 

produetion company: Roe with 2 % (w/w) sodium lactate was compared to roe without 

lactate in triangle tests, i.e. three samples were served at a time, and the judges asked to 

poinLQutthe,pne sample different from the other two(either O or 2 % ladate). Samples with 

and without lactate were served in different combinations and order, and a total of six 

answers were obtained from eachjudge, yielding 54 answers in total. Among those, 17 gave 

correct identification rif thediffering sample among three (table l of note 7). A score of 17 

correct answers out of a total of 54 is sufficiently low to conclude, that the samples with and 

without 2 % sodium lactate were identical regarding their taste. The critical number 

(maximum) of correct answers, at which the conclusion "identicai" should still be accepted 

is 18 of54 (confidence levels 0.01 - 0.1 %) (Meilgaard et al. 1991). 

Therefore it ean be concluded that negative influence on the taste of lightly salted lumpfish 

roe is no obstacle in using 2 % sodium lactate for preservation purposes. 

7.5 Perspectives in preservation of Iightly salted lumpfish roe by lactic 
acid/sodium lactate 

In order to avoid "overpreservation" of lightly salted lumpfish roe, it should be examined 

whether lower concentrations than 2.8 % sodium lactate would'besufficient toensure a shelf 

life period of three months, in which neither spoilage nor growth of Listeria monocytogenes 

occurs. The effect of2 % sodium lactate, which have been'showil not to infllience the taste' . 

of the prodtict, could.beexamined., If shown to be efficient after the above criteria~ the' 

application ean proceed -without additional obstacles. The efficiency should be tested in 

several different roe batches'originatingfromdifferent barrels ofheavily salted roe. This is 

due to the variation among roe batches revealed during this project in terms ofboth chemical 
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composition (chapter 3) and microtlora (chapter 4) governing large variations in off-odour 

development (chapter 4) within the defined shelf life period. 

It can, however, be recommended to consider whether alternative combinations ofpH, salt 

concentration and sodium lactate concentration would be preferred in terms of sensory 

quality. It may be possibie to adjust the three factors in a manner that maintains the 

antimicrobial effect demonstrated in this chapter (pH 5.4 by 0.1 % lactic acid, 2.8 % sodium . 

lactate and 4 % WPS), and at the same time improve the sensory quality ofthe product. 

In the future process of choosing the optimal combination of factors, it should also be 

ensured, that safety is not jeopardised, regarding other hazard than Listeria monocytogenes 

(see chapter 5). 

It is a wish in the industry to reduce the saltiness of the products, which may for example be 

achieved by maintaining a high lactate concentration, and reduce the salt concentration 

instead. Still in terms of weight, more sodium lactate than NaCI is needed to lower the water 

activity due to its higher molecular weight. Lowering the salt concentration also means 

lowering the concentration of other soluble compounds, which may intluence growth ofthe 

microtlora. Yet it mayaiso negatively intluence the taste of the product, which should be 

considered. 

Lowering the pH is another possibility, which have been demonstrated to affect growth of 

the Serratia spp. (figure 4.1). In work earlier performed in this laboratory a pH below 5.1 

was however experienced to negatively intluence the texture of the roe in terms of softness 

and stickiness (Huss et al. 1984). 

The internal taste panel at ABBA Seafood AB, Kungshamn (9 persons) was asked to evaluate 

the effect on appearance, taste and texture ofpH levels inthe roe of5.2, 5.0 and 4.8 

(lowered with lactic acid) compared to the'standard 5.4. The results showed, that the roe 

with pH 4.8 had an acid, acrid taste and a more watery, softer, less crispy consistency. Some 

judges however found the taste to be milder. The roe was rejected by 33 % ofthe judges 

(table 2 ofnote 7). The colour ofthe roe may be affected by pHllactic aCid addition, but the 

detected differences were very slight, and the judges disagreed on whether roe with low pH 

was stronger or more lightly coloured. The majority of judges detected no consistency 

differences in roe with pH 5.0 and 5.2 compared to the normal roe with pH 5.4. 

Thus the major effect causing rejection by some judges was the acid, acrid taste, increasing 

with increasing acid addition, and at the lowest pH value(4.8) also an effect on consistency. 

Based on these iridications, it may not be appropriate to lower the pH further than 5.0. 

Decreasing pH tothis level could allowa reduction of sodium lactate (and/or NaCI) 

concentrati on. 
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Cbapter 8. Conclusions and future work 

Lightly salted lumpfish roe, which is produced by desalting of stored heavily salted roe, 

spoils due·tQJ)~cteri~l activity. Autolyticai and cl~_~lTIical~hanges however also occur.: 
influencing the overall qualityofthe products. 

Changes taking place during storage of heavily salte d roe for up to a yearprior to production, 

include lipid hydrolysis and oxidation as measured by increased levels of free fatty acids, 
peroxide values and TBA-values. Rancid odours were detected in newly produced products, 

but did not develop further during vacuum packed storage. Thus in this regard the damage is 

aiready done before the products are produced. No solutions are readily available to 
completely avoid the development ofrancidity. Alternative means ofprocessing are difficult 

to find, as such means should be applicable to a large number of local fishermen working at 

distant geographic locations at sometimes primitive conditions. However it is recommended 

to give increased priority to limitation ot oxygen availability, and search for suitable 
antioxidants may lilso be worlhwhile. 

During the storage amino-acids are to a varying extent liberated from proteins/peptides, and 

then reduced somewhat during desalting of the ro~. The combined effect is an increased 
concentration and a changed composition of free amino acids in most roe batches, and a 

pronounced variation among desalted roes. The direct influence on sensory quality of these 
changes has not been examined, but may include both positive and negative (bitter) 

influences on the taste. 

During storage at 5°C a inicrofloni developed, that with few exceptions only slightly 

exceeded 7 log cfu/g, and remained at a practically unchanged level throughout storage. The 

microflora was dominated by LAB or LAB and Enterobacteriaceae, with less numerous 

Vibrio spp. sometimes occurring. Spoilage in terms of off-odour development varied greatly 
among -batches of lightly salted lumpfish roe. Some of this variation may be expiai~ed by the 

presence or absence ofbacteria with high spoilage potential i.e. Enterobacteriaceae, which 

as one factor se em to be influenced by variations in salt concentration. Counts of 

Enterobacteriaceae is however to'O unspecific a measure to provide a good spoilage indicator 

for lightly salted lumpfish roe, even if a more accurate method for its. determination were_ 
available. Spoilage potential among Enterobacteriaceae vary-, and strains of MorganelIa 

m organ ii were the only roe isolates identified as sp()ilage organisms, when both the _ __ . __ . 
characteristics ofproduced off-odours, chemical endproducts (volatile sulphur compounds) 

and theircountsat spoilage are considered. 

An understanding ofthe spoilage mechanism(s) oflightly salted lumpfish roe still requires a 
considerable amount of research. Future work should continue at aiming to identify the 

volatile compounds responsibie for off-odours detected at spoilage, the producing organisms 

and the precursors for their production. In investigations of the probably complex 
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mechanisms governing the eventual profile of volatile compounds causing spoilage of the 

roe, it can be suggested to focus on the significance of variation in available substrates. 

Variation in concentration of amino acids have been demonstrated, but all soluble 

compounds probably vary due to the desalting process. Both the influence of availability of 

specific precursors for production ofvolatile compound s, and the impact.on the composition 

and metabolism of the microflora should be considered. Thus knowledge on the range and 

order of substrates utilised by different parts of the microflora and the significance of 

competition for nutrients in the development of spoilage is desirable. In future investigations 

of spoilage reactions of desalted lumpfish roe it is necessary to eliminate from the 

experiments the uncontrolled influence of the variation in available substrates among roe 

batches experienced in this project, and the development of a suitable sterile model substrate 

is crucial in this regard. 

In preservation of lightly salted lumpfish roe the targets of inhibition are Enterobacteriaceae 

and Listeria monocytogenes. The latter has been conc1uded to be the only microbiaUy 

derived hazard, that pose arisk, if the products are not immoderately temperature abused. 

Different approaches in biopreservation using LAB cultures have been teste d without 

success. An antagonistic principle which combines an efficient inhibition of 

Enterobacteriaceae with absence ofnegative influence on sensory quality,have not been 

found. Antilisterial LAB however occur in the products, and also the use of biopreservation 

in products with higher salt concentrations might be possible. It could be interesting to 

reveal the nature ofthe Vibrio inhibition noted among roe LAB, and examine the potential 

for use in other fish products, where inhibition ofvibrios is needed. 

It is instead suggestedto use sodium lactate for preservation oflightly salted lurilpfish roe. 

The additive is produced by fermentation of LAB and still holds some elements of "natural 

preservation". Efficient inhibition ofEnterobacteriaceae and Listeria monocytogenes has 

been obtained using 2.8 % (w/w) sodium lactate. Lower concentrations may be sufficient, 

and 2 % has been shown not to influence the taste of the products. It is recommended to 

investigate whether alternative combinations of salt, pH and sodium lactate concentration are 

preferred in terms of sensory quality. 

As a final summarising remark, it can be stated that deterioration of lightly salted lumpfish 

roe, viewed over its entire line of existence, i.e. from the fresh roe till the eventually spoiled 

product, is influenced by numerous factors. Quality deterioration is governed by the 

combined effects of autolytical (enzymatic), chemical and microbiological changes, some of 

which affect the sensory quality directly, others indirectly. Some quality changes is 

absolutely critical, while others may seem of minor importance. On the bottom line, the 

decision is made by the consurners, as to which sensory quality is appreciated at a certain 

price. The latter aspect has not been addressed in the present project, at it is left for future 

investigations. 
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Fresh, stored heavily salted and lightly salted lumpfish roe was examined. These represent 

different steps in standard processing procedures. 
Proximatecomposition Was notinfluenced by processing. Fresh and lightly salted roe had 

similar compositions of fatty acids and total amino acids. The folIowing differences were 

noted: Lightly salted roe had increased level!; of free fatty acids, peroxide values, 

thiobarbituric acid values and free amino acids. Composition of free amino acids also 

differed. The results indicated that lipid hydrolysis, lipid oxidation, andliberation of arriino 

acids occurred during storage of heavily salted roe prior to desalting. Trim~thylamine and 

trimethylamineoxide concentrations were low or undetectable in all roes. 

Keywords: Lumpfish roe; proximate composition, fatty acid com position, amino acid 

composition. 
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Introduetion 

Roe from many fish species is utilised for food, either as whole roe sacs or as loose eggs, 

processed and preserved by different means oftechnology inc1uding salting, smoking, 

chilling, freezing, drying, canning or combinations ofthese (Zaitsev et al. 1969). 

In Scandinavia salted lumpfish roe products (lumpfish caviar) have been produced for many . 

years. These inc1ude both raw and pasteurised products, with various combinations of salt 

concentration, preservatives, colouring and flavour components. 

The roe is removed from the fish right after catch, screened into loose eggs by passing it 

through a screen, and dry-salted in 105 kg plastic barrels to a salt concentration of 11 - 16 % 

(w/w) (heavily salted roe), and ifnecessary topped up with saturated brine. The roe is store d 

in the barrels at the production factory at +5°C until needed for production, normally not 

more than ayear. During processing the roe is desalted to the salt concentration wanted in 

th~ final product (3.3 - 7.0 % w/w). This is done by addition ofwater and subsequent 

drainage (lightly salted roe). The relevant preservatives, colouring, flavouring and stabilisers 

are added, and the roe is packed under 65 - 75 % vacuum in glass j ars (lumpfish caviar) . 

. Some products are then pasteurised while in the j ars, by the use of hot ~ater. The processing 

steps are shown in figure 1. 

Removal 
ofwhole 
roe sacs 

Screening Dty-salting 
.... (loose eggs) .... in barrels 

draining 11-16 % 

Fresh 
roe 

__________________ ~. Hævily 

saltedroe 

Storage 
.... at+5°C 

:s; l yeår 

Desalting Preserva-
.... to 3.3 - -. tives, other .... 

7.0 % additives 

I Pasteurisation I ... 
t 

Packaging in 
glassjars. ... 
65-75 %vac. 

____ .... Lightly ____ --... Lumpfish 

salted roe caviar 

Figure 1. Processing oflumpfish roe into salted, preserved roe products (lumpfish caviar). 

A number of papers have been published on proximate composition of roe from different fish . 

species. The data shows, that pronouncedvariation occurs among species, regarding both 

moisturecontent and the proportion ofprotein and lipids in the dry matter (table 1). 

Because of the unsaturated nature of marine lipids and the relatively high lipid content of roe 

of several fish species, a number of studies have been carried out with special emphasis on 

changes in the lipid fraction during storage at different conditions. It has been established 

that development ofrancidity is an.important factor in quality deterioration during storage of 
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Tabte 1. Proximate composition of fresh roe from different fish species utilised for 
human consumption. 

Fish. Moisture Crude protein Lipi·d Reference 
~~~cies % (w/w) _"(0_ (w/w) _ % (w/w) 

Sturgeons 51.5-55 26-28 14-16 Zaitsev et al. 
(different species) 1969 

Whitefish 69.3 .18.7 9.9 Vuorelaet al. 
(Coregonus albula) 1979 

Baltic herring 78.4 17.8 2.6 Vuorela et al. 
(Clupea harengus) 1979 

Rainbow trout 63.1 26.6 7.6 Vuorela et al. 
(Salmo gairdneri) 1979 

Chum salmon 57.6 27.0 14.1 Iwasaki and 
(Oncorhynchus keta) Harada 1985 

Paper l. 

fish roe (Linko efal. -1979-, KaifarantaT98rail(fT982~-Link(fenit.-1983~-Shaban-et-at-1984, 

Huynh 1985). 

The aim of the present study was to obtain basic information on chemical characteristics of 
lumpfish roe used as the raw material for production of lumpfish caviar. Proximate 

compositions have been determined for fresh roe, lightly salted roe and heavily salted roe of 

various geographic locations and storage times. Examination of fatty acid and amino acid 

composition and measures of lipid oxidation have been carried out on fresh roe and roeafter 

storage and desalting. The data are int~nded to provide basic information for the industry and 

for further studieson quality and deteroration during chill storage of a lightly salted lumpfish 

roe product, produced by the means of processing shown in figure 1. 

Materials and methods 

Roe samples 

Two 5 kg portions offresh roe were delivered frozento the laboratory (ABBA Seafood, 
Canada). The roe had been scieened into loose eggs and drained by the normal procedure at 

two catching locations in Canada. Inaddition fresh roe was removed from five lumpfish, 

landed in Copenhagen, Oenmark, and killed imidiafely before sampling. Theroeswere 

~e~~~ed-from-tile fisIl at the iaboratory,~:n~~~r~~#ed into loose egg~. From-eachTiSli-O.8-- 1 

kg was obtained. 
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Samples (5 kg) ofheavily salted roe (see'figure l) were takenfrom 105 kg barrels, making 

sure that roe from different levels ofthe barrels was represented (ABBA Seafood AJS, 

Denmark). The barrels included three barrels stored at +5°C for 2 months and three barrels 

stored for one year. 

Samples (5 kg) of lightly salted roe (see figure l) were taken after desalting by the normal 

industri al procedure (ABBA Seafood AJS, Denmark). Desalted barrels included three barreIs' 

stored at +5°C for one year and ten barrels store d for 8 months. Heavily and lightly salted roe 

originated from different catching seasons and locations in Canada. 

All samples were vacuum packed. in portions of 200 g and frozen at + 40°C as recommended 

by Shaban et al. (1984). Double sampling was performed for all analysis except amino acid 

analysis, where a large sample (app. 200 g) was homogenised, before material was taken for' 

the analysis. 

Analyticai methods 

Dry matter/moisture content was determined by weighing before'and after drying at 105°C 

for 20-24 hours. 

Ash content was determined by weighing after ashing of the dried samples for 20 - 24 hours 

at 600°C. 

Salt concentration was calculated from the amount of chloride as determined in duplicate by 

boiling in nitric acid with excess ofAgN03 followed by titration with 0,1 M KSCN solution 

(AOAC 1995, no. 937.09). 

pHwas measured using a PHM 82 (Radiometer,Copenhagen, Denmark). 

Total volatile bases (TVB), trimethylamineoxide (TMAO) and trimethylamine (TMA) were 

determined by a modified Conway micro-diffusion method (Conway and Bynie 1933). 

Crudeprotein (N x 6.25) was determined by the Kjeldahl method following the principles 

described by AOAC (1995) no; 981.10, using Kjeltabs (K2S04, CUS04, Ti02) in the 

destruction step. 

Liptds were determined by extraction using the method ofBligh and Dyer (1959). Extracts 

also prepared by this method, were covered with nitrogen and frozen at +80°C, until used for 

the analysis of free fatty acids, peroxide value and fatty acid composition. 

'Freefatty acids (FFA) were determined on the lipid extract as concentration of oleic acid (% 

(w/w) of lipid) after titration according to the method no. 41.1.21 of AOAC (1995). 

Peroxide vC!lue (PV): CO2..;gas was bubbled through the lipid extract for 5 min., and saturated 

potassium iodide and glacial acetic acid were added. The peroxide value was determined 

(meq./kg lipid) by titration according to the method no. 41.1.16 of AOAC (1995). 

Fatty acid composition of extracted lipids was determined folIowing the principles described 

in method no. Ce lb-89 ofAOCS (1993), with a C17:o intemal standard. Column and 

chromatographic conditions were as described by Stabyet al. (1993) (method6). 
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Thiobarbituricacid (TBA) value: A trichloroacetic acid extract ofroe was prepared, and 

heated with TBA solution as described by Wyncke (1975). The absorbanceat 530 nm was 
measured and the TBA value (Jlmoles malonealdehyde/kg roe) calculated on the basis of a 
standard curve. 

For amina acidanalysis the roe wascoIllIi:linuted in a stainless steel bl~1l:d~r aft~r addition of 
liquid nitrogen, and freeze dried. For determination oftotal amine acids, 20 mg of this roe 

powder was hydrolyzed after addition. of 6 N hydrochloric acid, evacuation, and heating at 

110°C for 24 hours. The liquid was removed by evaporation under vacuum. The hydrolysate 

was dissolved in 1 ml A-buffer (Barkholt and Jensen 1989), diluted x 100 with A-buffer and 

used for analysis. For determination of free amino acids 150 mg of roe powder was added 10 

ml 0.1 M hydroehlorie acid. Ofthis suspension 0.5 ml was filtered, diluted x 10 with A­

buffer and used for analysis. During analysis the column, instrumentation and 

chromatographic system were as described by Barkholt and Jensen (1989). Injection volumes 

were 160JlI and 20 JlI for total and free amino acids respectively. 

ResuIts a.nd disc1I8sion -

Proximate . com position 

Proximate composition of fresh; heavily salted and lightly salted roe is shown in table 2. The 

mojsture content offresh lumpfish roe was rather high (77.4 - 81.0 %) compared to the roe 
of several other fish species. The moisture content was at ·the same level as in the roe of 

Baltic herring, but thelumpfish roecontained more lipid and less protein than Baltic herring 

roe (see table 1). The dry matter was apart from ash (salt), composed ofcrude protein and 

lipid in the proportion 3:1. Variations were, however, observed in lipid and eTUde protein 

among roes ofindividuallumpfish (Danishroe shown in table 2). Vourela et al. (1979) 

examined the proximate com position of roe from 10 rainbow trou! (Salmo gairdrieri) landed 

during a four months period, and reported a pronounced variation among individual fish, 
inc1uding fish lande d on the same day. Variation was observed in both crude protein (26.1-

32.6 %), lipid (7.1 - 9.7 %) and moisture (57.8 - 63.7 %) content. 
The heavily salted roe originated from· rivo catching seasons, -and hadbeen~stored' in the- .­

barrels in the form ofheavily salted roe for either a short (two months) or long (one year) 

. period oftime. Normal raw material for industri al produetion fallswithin this range of 

storage times. The roe·stored for one year wasdesalted (4.8 ± 0.3 % salt) andanalysed again. 

The results in table 2 show that apart from aslight increase in moisture content during 

desalting, the proximate composition (extra salt Withdiawn) ofheavily and liglitly salteafoe 

was rather similar to that offresh roe. Rehbein (1985) also reported that dirferences in 

proximate composition between fresh roe of sturgeon and the corresponding caviar produets 

were very slight. The variations in proximate composition resulted in both higher (16.2 %) 
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and lower (14.8 %) eontent of erude protein than observed for the fresh roe, while both 

similar (5.7 %) and lower (5.1%) lipid eontents oeeurred. Kaitaranta (1980) also reported 

that no systematic influenee by the year of eateh oeeurred in the lipid eontent of whitefish 
(Coregonus a/hu/a) roe (9.1 - 11.4 %). 

Table 2. Proximate eomposition (mean ± standard deviation) offresh roe ofdifferent 
eatehing loeations, stored heavily salted roe of different eatehing seasons/storage times, 
and lightly salted lumpfish roe. . 

Roe Salt Moisture Lipid Protein I) Ash 
% w/w % w/w % w/w % w/w % w/w 

Fresh roe 
Denmark 2) 0.9±0.OS 81.0±1.3 S.5±O.4 lS.4±2.3 1.0±0.04 
Canada 3) 1.0±Om 77.4±0.1 6.1 ±0.4 lS.5±0.4 1.1 ±O.OO 

Heavily 
salted roe 
Actual season 4) 12.9±0.06 67.5 ± 0.1 (76.7) 5) 4.5 ± 0.5 (S.I) 13.0 ± 0.5 (14.8) 13.8 ±O,S 

Previous season 6) 11.4 ±0.4 68.4 ± 0.2 (76.5) S.I ±0.1 (S.7) 14.S ± 0.5 (16.2) 12.3 ±0.5 

Lightly 
salted roe 
Previous season 7) 4.8 ±0.3 71.8 ± 1.2 (80.9} S.O ± 0.2 {S.2} 13.3 ± 0.2 (13.8} 4.6 ±0.1 

l) Crude protein, N x 6.2S. 2) Roe offive Iumpfish analysed separately in duplicate. 3) Screened roe 
from two geographic Iocations analysed separately in duplicate. 4) Stored for two months at +SoC, three barreIs 
(10S kg) were analysed in duplicate. S) Mean values shown in parentheses are caIculated as concentration in roe 
with 0.9 % salt. 6) Stored for one year at +SoC, three barrels (10S kg) were analysed in duplicate. 7) Made by 
desalting ofthree barrels.stored for one year, the barrels were analysed in duplicate. 

Total volatile bases (TVB), trimethylamine (TMA) and trimethylamineoxide (TMAO) 

The TVB eoneentration of both heavily salted roe in barrels and fresh roe was in the range of 

24 - 33 mgN/IOO g. In ten lightly. salted roes (3.0 - 5.8 % salt) TVB were after desalting 

lowered to 4 -12 mgN/100 g, generally being lowest in roe with the lowest salt 

eoneentrations (data not shown). TMAO and TMA eoneentrations were low in all roes,::::; 4.4 

mgN/l 00 g and::::; 1.3 mgN/l 00 g respeetively. In several roes the eompounds were not 

deteetable (data not shown). TMAO ean be eonverted by fish spoilage baeteria to the 

malodorous compound TMA, and is therefore an important factor in fish spoilage (Gram et 

al. 1987). Equally low levels ofTMAO as dete~ted in this sfudy, were reported in herring roe 

by Huss and Larsen (1979) and Linko et al. (1979). In the same studies a TVB levelof 15 

mgN/l 00 g and 10 - 20 mgN/l 00 g respeetively was reported for herring roe. 
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Fatty acid com position 

Fatty acid composition offresh roe offive lumpfish was determined, and 27 fatty acids were 

identified (table 3). The portion of around 5 % unidentified acids only contained acids 

present at concentrations =:; 1 % of total fatty acids. The lipid was dominated by four fatty 

-acids: PaIrnitie (16:0), oleict18:1(n~2)), eicosapentaenoic (20:5(n.-::J))an<Ldocosahexaenoic 

acid (22:6(n.;.3)) comprised 73.5 %, and the latter alone comprised 25.8 % oftotal fatty acids. 

Table 3. Fatty acid composition (% w/w of total fatty acids) of fresh and 
lightly salted lumpfish roe (made by desalting ofheavily salted roe stored for 
8 months at +5°C). Salt concentration is shown in table 4. 

Fatty Fresh roe l) Lightly saIted roe 2) 

acids 
Mæn±SD Range Mæn±SD Range 

14:0 l.3±0.16 1.1- 1.S l.S±O.09 1.3 -1.6 
IS:0 0.4±0.OS 0.3 -0.4 O.3±O.OO 0.3 
16:0 14.4±0.46 13.8-lS.0 14.4±0.10 14.3-14.6 
17:0 O.4±O.OS 0.4-0.S 0.3±0.04 0.3-0.4 
18:0 3.2±0.09 3.1-3.3 3.8±0.08 3:6-3.9 

......................................................................................... u ............... _ ............................................ _ ••••••••••••••••••••••••••• _ ••••• u ...................... . 

14:1 (n-S) 0.1 ±O.OO 0.1 0.1 ±O.OO 0.1 
16:1 (n-7) 
18:1 (n-9) 
18:1 (n-7) 
20:1 (n-11) 
20:1 (n-9) 
20:1 (n-7) 
22:1 (n-11) 

2.1 ±0.09 
14.5±0.51 
4.8±0.04 
0.1 ±0.10 
2.2±0.17 
0.7±0.06 
0.4±0.04 

2.0-23 
14.0-1S.4 
4.8-4.9 

nd?)-O.3 
1.9-2.5 
0.6-0.8 
0.4-0.5 

22:1 (n-9) 0.4±0.03 0.4-0.S 
24:1 0.2±0.09 0.1- 0.3 0.2±0.06 0.1- 0.3 .. _ ............. _ ........... _ .... _ .............. ~ ... __ .. _ ...... , ................................... _ .................................................. _ ..................................... __ .................................... .. 
16:2 0.6±0.04 0.5-0.6 O.S±O.OS 0.4-0.6 
18:2(0-6) 1.0 ± 0.16 0.8-1.2 0.6±0.OO 0.6 

.. ~~:~.\~ ....................... _ ............. , ..... Q .. ?.*-.Q:~ .... _ ....... ~:~.~.Q .. ~ ..................... _ ..... Q:~.;!;.2:~ ..... _ ...... ~:.~.::.~:~ ...... . 
16:3 O.3±O.OS 0.3-0.4 O.3±O.OO 0.3 

}~:~.\~~2 ....................... _ ................... Q:'!.*-.Q:.P ..... _ ....... ~:~.~.Q·.~ .................... _ ..... Q};!;.2:2Q .................. ~:~ .......... . 
18:4 (n-3) 0.7±0.16 0.S-0.9 0.6±0.07 0.5-0.7 
20:4(0-6) 0.8±0.04 0.8-0.9 0.4±0.05 0.4-0.5 ._ 
20:4 (n-3) 0.9 ± 0.13 0.7 -1.0 0.7 ±0.03 0.7 - 0.8 .. 70:5·(~3) .................................... · ...... "i7.4·±O'75 .. ·_ .... ·i·6:4·: .. i"8j .................. _ .... 19.6±·ii"i9·'·., .. '·'i9j'·~'19§·" 
21:S(n-3) 0.4±0.09 0.3-0.S O.5±O.OS 0.4-0.5 
22:S(n-3) 1.4±0.14 1.3-1.S 1.6±0.OS .1:6-1.7 .' 

::~;~(~~2:::::::::::::::::::::::-.::::::::::::::::::~~~~i9:~::::::::~{?:~~~~:::::::::::::::::::::::~;§.i§;~:::::::::~;~~:~~;~:::: 
Notid 4) . / 4.9+0.53 4.S-S.8 4.6+0.51 -3.6-S.2 

Cale. i.v. 5) 248+2.1 24S-2S0 248±2.6 242-2S0 

l) Roe offive lumpfish analysed separately in duplieate. 2) Roe often IOS kg barrels after 
desalting analysed separately in duplieate. 3) n.d.: Not detected. 4) Not id.: Not identified. 
S) Cale. i.v.: Caleulated iodine value (g iodine/lOO g identified fatty aeids).-
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18:0, 18:1(n-7) and 20:1(n-9) were present at a level of2 - 5 %, while the remaining 20 fatty 

acids comprised less than 2 % each (table 3). The domination by the four fatty acids listed 

ab ove was less extreme in whitefish (Coregonus albula) roe, for which Kaitaranta (1980) 

. reported the four acids to comprise only about halfthe total fatty acids, and·several other 

acids were present atconcentrations above. 4 %. In cod (Gadus morhua) roe Aclanan and 

Burgher (1964) found 85 % ofthe fatty acids to consist of 16:0, 18:1,20:5 and 22:6, while 

6.4 % was 16:1 and 2.4 % was 20:4. All remaining acids were present at concentrations 

below l %. 

_ Fatty acid composition was determined after desalting ofroe often barrels ofheavily salte d 

roe. The roe had been store d in the barrels for 8 months prior to desalting, and represented 

average raw material for lumpfish caviar production. Only slight differences in fatty acid 

composition of the ten lightly salted roes were observed compared to the fresh roes. The 

, iodine value was calculated as a measure ofthe degreeofunsaturation. Iodine values of 

fresh (245 - 250) and lightly salted roe (242 - 250) lipids were identical, and slightly higher 

than the value of210 reported for whitefish (Coregonus albula) roe (Kaitaranta 1980). 

Lipid hydrolysis and oxidation 
As a measure ofthe degreeoflipid breakdown, free fatty acids (FFA), peroxide value (PV) 

and thiobarbituric acid (TBA) value were determined on the same fresh and lightly salted 

roes, for which fatty acid composition was reported above. The results are shown in table 4. 

FFA concentrationin fresh roe ranged from 2.5 -4.3 % oflipid, while the concentration in 

alllightly salted roeswas higher (4.8 - 10.8 %), indicating that lipid hydrolysis occurs during 

the storage. The infl uence of ~he desalting process was not determined, and higher levels of 

. FF A may have been present in the heavily salted roe prior to desalting. The results however 

show that FFA concentrations in the range of 4.8 - 10.8 % must be expected in newly 

produced lumpfish caviar. The pH offresh roe was in the rangeof 5.9 - 6.2 while the pH of 

desalted roe was slightly lower and in the rangeof 5.7 - 5.9 (data not shown). 

Several studies have been conducted on lipid hydrolysis in fish roe stored at different 

conditions. Significant increases in FF A concentration during storage of salted fish roe have 

been reported for rainbow trout(Salmo gairdneri) and whitefish (Coregonus albula) roe (14 

% salt, one year at 2°C) by Kaitaranta (1982), for perch (Percafluviatilis) roe.(16 % salt, 

one year at 2°C) by Linko et al. (1980) and for Baltic herring (Clupea harengus) roe (6 and 

16 % salt, one year at 5°C) by Linko et al. (1979). Initial concentrations ofFFA in the 

differerit fish species varied in the range of around 2 - 7 %, perch roe having the highest 

concentration. Linko et al. (1979) concluded that lipid hydrolysis in herring roe occurred 

enzymatically and could be prevented by pasteurisation or freezing (+20°C for one year). 

The rate ofthe proces s was concluded to depend on the fish species. Huynh (1985) similarly 

demonstrated that liberation of FF A in herring roe stored in saturated brine decreased with 

decreasing storage temperature (2°, +12°, +18° and +28°C). 
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, 
Table 4. Characteristics of the lipid fraction of fresh and lightly salted lumpfish 
roe (made by desalting ofheavily salted roe stored for 8 months at+5°C). 

Salt 
% w/w 

Lipid 3) 

% w/w 

Free fatty acids 4) 

% w/w of lipid 

Peroxide value 
meq./kg lipid 

TBAvalue6) 
JlIlloleslkg roe 

Fresh roe l) 

Range·. 

0.9±0.OS 0.9 - 1.0 

S.5 ± 0.4 4.9 - S.9 

3.6±0.8 2.S - 4.3 

n.d. 5
) n.d. 

2.6 ± 1.7 1.2 - S.4 

Lightly saltedroe 2) 

Mean±SD·· 

3.8 ± 1.0 

4.9 ±0.2 
(S.O) 

6.3 ± 1.7 

20.4±7.2 

21.8 ± S.4 

Range 

3.0 - S.8 

4.6 - S.l 
(4.8 - S.3) 

4.8 -10.8 

9.4 - 31.8 

11.9 - 29.1 

1) Roe offive lumpfish analysed separately induplicate. 2) Roe often 105 kg barrelsafter desalting analysed 
separately in duplicate. 3) Values shown in parentheses are calculated as concentration in roe with 0.9 % salt. 
4) Free fatty ilcids as oleic acid. 5) n.d.: Not detected. 6) TBA: Thiobarbiturie acid. 

In fresh roe hydroperoxides could not be detected, while low TBA-values were observed (1.2 

- 5.4 Jlmoles/kg roe) (table4). The TBA-value is presented as Jlmoles malonaldehydelkg 

roe, but other foodcomponents such as sugars and amino acids decomposed during the 
analytical procedure can react with TBA, and may contribute to the low levels detected in 

fresh roe (Gray and Monahan 1992, St. Angelo 1996); Increased but varying PV levels (9.4 -
31.8 meq./kg lipid) were detected in lightly salted roe (table 4). Ina preliminary study in this 

laboratory (unpublished) six commercial barrels of heavily salted roe of different age and 

origin were examined, and in all barrels higher levels ofPVand TBA-values were detected 

in the top layer than in roe from the deeper levels of barreIs. Duringdesalting the roe is 

mixed to a certain extent, and the orjginallocation in the'barrels of roe samples analyse d in 
the present study cannot be determined. Howeverthe data iefl~cts the 'vaiiaiion iimong' 

lumpfish caviar products, produced by the normal procedure. In perch roe (16 % salt) stored 

at 2 °C in wooden boxes submersed in 50 % saturated brine, the PV reached a maximum 
after 9 months, and then decreased towardsthe end ofstorage (oneyear)(Linkoetal. 1980). 

Decrease of the elevated leve1sof PVoccurs due to decomposition of hydroperoxides into 

secondary oxidation products (Gray and Monahan 1992).The preseni shidy showedthilC'" 

secondary oxidation products had been formed in the lumpfish roe, as increased TBA':values 

(11.9 - 29.1 Jlmoles/kg)were detected in the stored desalted roe (table 4) (slightly higher 

values would have been obtained, ifcalculated per kg ofroe with 0.9 % salt). 
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Through several reports it has been established that lipid hydrolysis and oxidation are 

important factors in quality of fish roe, and are influenced by both storage conditions and 

fish species, the latter due to differences in lipid composition (Kaitaranta 1982, Linko et al. 

1979, Linko et al. 1980, Huynh 1985). Linko et al. (1979) concluded that in long-term 

storage (one year) of Baltic Herring roe, heavy salting (16 % w/w dry or. brine salted) caused 

a rapiddevelopment ofhydrolytic and oxidative rancidity in theproducts as measured by 

increasing FFA and PY. In that regard, frozen storage in air-proofvacuum package proved to 

be thebest method. 

The changes in the lipid fraction demonstrated in the present study had occurred even before 

the roe products had been produced. This is a consequence of the seasonal supply forcing the 

industry to preserve the roe until needed for production. The traditional solution to this 

problem has been the use of heavy salting, and alternative processing means are not simple 

to find. Such means should be applicable to the production of smaIl quantities ofsalted roe 

by a large number of local fishermen at very distant geographic locations along the coasts of 

Norway, Iceland and Canada. 

Amino acid com position 

Composition oftotal and free amino acids in fresh and lightly salted roe is shown in table 5. 

In fresh roe the total amount of amino acids variedamong five fish in the range of 87.3 -

108.7 mg/g. The amino acid composition was rather unifonn, and among 16 amino acids the 

major wereglutamic acid (12.8 - 13.1 %), leucine (9.8 - 10.0 %) and aspartic acid (9.6 - 9.8 

%). The results differed only slightly from the data reported by Rehbein (1985), who found a 

higher concentration of glutamic acid (16.1 % oftotal amino acids). The samples examined 

in that study were commercial roe products, detailed ingredients ofwhich were not stated. 

The total amount of free amino acids was in the range of 21.5 .., 28.4 mg/l 00 g roe, 

comprising 0.28 % oftotal amino acids. Composition offree amino acids varied more than 

total amino acids, and the composition was different in that glutamic acid domi1)ated (29.1 -

36.7 %), while the folIowing places were occupied by alanine (9.9 - 12.0 %), aspartic acid 

(5.4 -12.7 %), lysine (4.2 - 8.2 %) and glycine (4.4 - 7.4 %). Tryptophane, not detected 

among total amino acids (lost during the hydrolytic step), was present among free amino 

acids at a concentration of 0.3 - 1.5 %. 

Taurine (2-aminoethanesulphonate) concentration was in the range of 44.4 - 63.1 mg/100 g 

roe, thus around double the total concentration of free amino acids. In the analysis of total. 

amino acids a similar level oftaurine (0.5 - 0.6 mg/g) was detected, as taurine is not a 

regular amino acid and not incorporated into protein. 

Gjessing (1963) showed that the great changes occurred in the fraction offree amino acids in 

hard herrlng roe (Clupea harengus) during the last few weeks before spawning. For each of 

six quantified amino acids, large increases were observed both on dry matter and wet weight 

basis, though the moisture content also increased towards spawning. As the rate of the 
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Table 5. Composition of total and free amino acids (% w/w of identified amino acids) of fresh lumpfish roe and of lightly salted 
lumpfish roe (made by des alting ofheavily salted roe store d for 8 months at +SOC). Salt concentration is shown in table 4. 

Amino acids 

Aspartic acid 
Threonine 
Serine 
G1utamic acid 
Proline 
Glycine 
Alanine' 
Cyst(e)ine 
Valine' 
Methionine 
Isoleucine ' 
Leucine 
Tyrosine 
Phenylalanine 
Histidine 
Tryptophane 6) 

Lysine 
Arginine 
Total 
mg/g (total aa) or 
mg/lOOg (free aa) 
Free % of total 8) 

Taurine 
mg/g (total aa) or 
mg/100g (free aa) 
Taurine/free aa 9) 

Total amino acids I) 

Fresh roe 3) Lightly salted roe 4) 

Mean±SD Range Mean± SD Range 

9.6±0.09 9.6-9.8 9.6±0.08 9.5-9.7 
5.5 ± 0.03 5.4- 5.5 5.5±0.06 5.4-5.6 
'6.5±0.12 6.3 -6.6 6.1 ±0.20 5.7 - 6.3 

12.9±0.10 12.8 -13.1 13.1 ±0.18 12.7 -13.3 
5.4±0.09 5.3 - 5.5 5.5±0.20 5.2-5.8 
3.0±0.04 3.0-3.1 3.0±0.04 3.0 - 3.1 
5.6±0.07 5.5 - 5.7 5.7±O.14 5.5 -5.9 
1.5±0.25 l.l - 1.7 1.4 ± 0.35 1.0-2.0 
6.6±0.08 6.5 -6.7 6.9±0.08 6.8 -7.1 
2.6±0.03 2.6-2.6 2.4 ± 0.32 1.5-2.7 
5.5±0.10 5.4-5.6 5.6 ± 0.08 5.4-5.7 

9.9 ± 0.10 9.7-9.9 9.9±0.16 9.7 - 10.2 
5.0±om 4.9-5.1 5.1 ±0.08 5.0 -5.3 
4.7±0.05 4.6-4.8 4.7±0.06 4.6-4.8 
3.1 ±O.Il 3.0 - 3.2 3.2±0.11 - 2.9-3.3 

6.5±0.10 6.3 -6.6 6.3±0.14 6.0-6.5 
6.1 +0.04 6.1- 6.2 6.1 +0.06 6.0-6.2 

93.6±8.8 ~7.3 -108.7 94.1 ±5.6 84.5 - 102.1 
(97. O ± 5.4)7) (88.8 -104:3) 7) 

0.6±0.05 : 0.5-0.6 0.1±0.057) 0.1- 0.2 7) 

Free amino acids 2) 

Fresh roe3
) Lightly salted roe 4) 

Mean± SD Range Mean± SD Range 

9.8±2.86 5.4-12.7 7.0±0.95 4.6-8p! 
5.5±0.86 4.8-6.6 4.9±0.40 4.2-5)5; 

3.9±0.65 2.9~4.6 4,9±0.41 4.5 -6:0' 

32.2±2.86 29.1-36.7 14.2± 1.08 12.6 - 1{).2 

4.3±0.82 3.2 - 5.1 4.9±0.77 3.7 - 5:8 
5.6± 1.19 4.4-7.4 2.1 ±0.31 1.6-2,7 
11.0:±0.82 9.9-12.0 6.2±0.33 5.6-6,7 

1.0± 1.05 nd4)-2.2 nd. nd. 
3.7±0.57 2.9-4.3 4.6 ± 0.13 4.4-4:8 

nd. nd. 0.1±0.08 nd. -0.2 
2.1 ±0.31 1.8 -2.6 6.4±0.54 5.5 - 7.1 
4.3±0.30 3.9-4.6 10.9 ± 0.38 10.3 - 11.4 

2.0 ± 0.26 1.7-2.3 5.9±0.41 5.1- 6.7 

1.8±0.19 1.6-2.1 4.3±0.21 4.0-4.7 

2.7±0.45 2.3 -3.5 3.4±0.65 2.6-4.5 

0.9±0.52 0.3 -1.5 4.2±0.62 3,.2 - 5.5 
4.2- 8.2 

l! , 
5.3± 1.68 8.3±0.48 7.4- 8.8 

3.9+0.77 3.1- 5.1 7.9± 1.07 6.7 -10.1 

25.8±2.82 21.5-28.4 38;6± 13.3 14.8 - 51.9 
(39.8± 14.0)7) (15.2-54.4)7) 

0.2$±0.03 0.24-0.30 0.41±0.14 0.16 -0.61 
i 
i 

14.0±5.3 7) 6.6-22.07) 53.0±7.2 44.4 - 63.1 

2.li±0.19 1.8-2.3 0.35±0.05 0.3-0.4 

1) Theehromatograms also eontained small amounts ofammonia, oxidised methionine and smaIl unidtmtified peaks at retention times around 30,49 and55 minutes. 
2) The chromatogr~s a1soeontained'sm!\ll ainounts ofammonia,·oxidised methionine and small unid~ntified peaks at retentiontimes around 36 and 49 min. and a peak 
at around 55, probably ethanolamine. 3) Roe offive lumpfish analysed separately. 4) Roe often 105 kg barrels afrer desalting analysed separately. 4) n.d.: Not deteeted. 
6) Tryptophane is lost during thehydrolysis, and ean only be deteeted among free amino acids. 7)Calculated as eoneentration in roe with 0.9 % salt. 8) free amino 
aeids as % oftotal aqtino aeids. 9) Taurine eoneentrationl totaleoneentration offree amina acids. I : ' 
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increase was not identical for all amino acids, the composition of free amino acids changed 

considerably during ripening. Vuorela et al. (1979) showed that the degree ofripening of 

rainbow trout (SaIma gairdneri) roe as measured by a maturity index, was not correlated to 

the catching date. Fish with ripe and less ripe roes could be caught both at beginning and end 

ofthe catching season. Thus the composition offree amino acids ofroe ofjust caught fish is 

not uniform. 

The amount andcomposition of total amino acids in store d desalted roe was similar to that 

of fresh roe. The total concentration of free amino acids in lightly salted roe varied between 

15.2 and 54.4 mgllOO g (extra salt withdrawn). In spite ofthe washing out likely to occur 

during desalting, higher concentrations of free amino acids than in fresh roe were detected in 

eight riften desalted roes (not shown), indicating that liberation offree amino acids occurred 

during the storage ofheavily salted roe in barreis. Free amino acids comprised 0.41 % (range 

0.16 - 0.61 %) oftotal amino acids, compared to the 0.28 % for fresh roe. A similar situation 

was reported by Chiou and Konosu (1988), who noted a large increase in mullet (Mugil 

cephalus) roe during processing. In Alaska pollac (Theragra chalcagramma) roe a smaller 

increase during processing was reported by Chiou et al. (1989a). Chiou et al. (1989b). 

demonstrated, that caseinolytic, acid protease and aminopeptidase acitivities at different 

leve1s were present in the roes throughout processing. The composition of free amino acids 

in lightly salted roe also differed from that offresh roe. Some amino acids were present at a 

lower concentrations (glutamic acid, glycine and alanine), while others made up a greater 

part Qf free amino acids than in fresh roe (isoleucine, leucine, tyrosine, phenylalanine, 

arginine and tryptophane). 

Taurine concentration in lightly salted roe had decreased to 6.6 - 22.0 mgllOO g. The 

reduction roughly equals the reduction in salt concentration during desalting. When the 

concentration of taurine is calcuhited relative to the concentration of total free amino acids, 

a rather constant relation is obtained oftaurine being around one third (factor 0.3 - 0.4) the 

amount of free amino acids in the ten lightly salted roes, while in fresh roe a taurine 

concentration of double the concentration of free amino acids was detected. Thus 

proportionally a greater reduction of taurine than free amino acids occurred. This confirms 

the indication that while both taurine and free amino acids are lost during desalting, certain 

amino acids are supplemented by breakdown of peptides and proteins, which could explain 

the altered composition of free amino acids in lightly salted roe. 

Thus the amount of free amino acids in lightly salte d roe .available for bacterial growth 

during chill storage of the final products varies considerably. The highest concentration 

detected in this study was more than three times the lowest concentration, probably resulting 

from the combined effects of liberation of amino acids during storage, and washing out 

during desalting. 
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Abstract 

Manuscript submitted for publication in 

Journal of Aquatic Food Produet Technology 

Lumpfish roe (3.5 - 4.8 % waterphase salt, pH 5.4, vacuum-packed) was store d at 5°C. In roe 

with antimicrobials (sodium-nitrite, actidion, polymyxin-B-sul phate, oxytetracycline) added, 

spoilage off-odours failed to appear. Different degrees of spoilage occurred among eleven 

roe batches after 2 Y2 or 3 months of storage, ranging from very weak odours to strong 

'sulphidy, sour oqours. The microflora consisted ofLactic Acid Bacteria, Enterobacteriaceae 

and Vibrio spp. Concentration of lactic acid, acetic acid, trimethylamine and totalvolatile 

bases were unrelated to spoilage odours. Volatile sulphur compou:nds (H2S, probably CS2, 

CH3SH and CH3CH2SH or CH3SCH3) were produced during storage, and may contribute in 

spoilage. 

Keywords: Lightly salted lumpfish roe, microbiology, spoilage indicators, off-odours, 

volatile sulphur compounds. 

*) Present address: Municipal Food and EnvironmentaI Food Control Unit, Køge, Denmark. 
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Introduction 

Scandinaviahas a long tradition for the production of salte d lumpfish (Cyclopterus lumpus) 

roe products, the main part ofwhich is expon:ed. The products are produced from heavily 

salted lumpfish-roe. Lumpfish are caught in the spawning season along thecoasts::.ofthe:-~ 

North Atlantic, from early spring till summer depending on the geographic location. 

Immediately after catch the roe is removed from the fish and dry salted in 105 kg plastic 

barrels (14 - 20 % waterphase salt (WPS)). The heavily salted roe is stored at +5°C until 

needed for production (normally ::::; otte year). During production the roe is partly desalted by 

addition of water and subsequent drainage, to obtain the salt concentration wanted in the 

product (4 - 9 % WPS). The products are preserved by acidification and addition of 

chemical preservatives and/or pasteurisation. 

As industry wishes to meat consumers' demands for a reduced use of salt and chemical 

preservatives, there is a need to investigate spoilage reactions and assess shelf life of a 

lightly salted roe product with acidificationas the only additional type of preservation. The 

industry estimates a shelf life ofthree months to be necessary in practical production and 

marketing. 

While bacterial spoilage of fresh unpreserved fish is well investigated, the bacterial spoilage 

oflightly preserved fish products has not been studied as extensively, particularly not salte d 

roe products, and spoilage organisms have not been idetitified. 

In a study ofspoilage ofvacuum-packed "gravad" fish (4 % salt, not heat processed, no acid 

but sugar added) From and Huss (1988) concluded, that organisms likely to act as spoilage 

organisms were H2S producers as Shewanella putrefaciens, Enterobacteriaceae and 

Vibrionaceae. Yeast, Brochotrix spp. and Lactic Acid Bacteria (LAB) may contribute to 

spoilage, but were judged as less· important. Husset al. (1984) found, that the microflora of 

lumpfish roe with salt concentrations in the range of5.7 % - 9.5 % WPS storedat 10°C, was 

dominated by presumptive Lactobacillus spp. (6 - 7 log cfu/g). Troelstrup Hansen (1995) 

found LAB,. Enterobacteriaceae, Vibrio spp. and Photobacterium spp. to constitute the 

microflora of spoiled, vacuum packed cold smoked salmon, but the microflora was highly 

variable among production batches and among different processing plants. 

The aim ofthe present work was to study the spoilage oflightly salted lumpfish roe (salt 

concentrations in the range of 3.5 - 4.5 % WPS and pH 5.4 obtained by addition of lactic 

acid). Chemical, microbiological and odour characteristics during storage at 5°C has been 

investigated. 
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Materials and methods 

Roe products 

Lightly salte d lumpfish roe was produced by a local producer (ABBA Seafood AJS, 

Denmark) using standard processing procedures. Eleven different barrels (i.e. batches) of 

heavily salted roe, that had been stored for six months at +5°C, were desalted to obtain a salt 

level in the final products in the approximate range of 3.5 - 4.5 % WPS. The pH was lowered 

from initially around 5.9 to 5.4 by addition oflactic acid (0.1 % w/w) (PURAC®SP 80, 

Nordisk Droge Handel AJS, Denmark). In order to examine whether spoilage were caused by 

microbial activity, a batch ofroe with app. 4 % WPS was prepared with and withoutaddition 

ofthe folIowing antimicrobial substances: Sodium nitrite 0.69 g/kg (Merck 6549), 

actidion/cycloheximide 0.11 glkg (Sigma C-6255), polymyxin B sulphate 28600 IU/kg 

(Sigma P-1004) and oxytetracycline 0.1 g/kg (Oxoid SR 073). All roe was packed in non­

sterile commercial glass jars. The jars were closed with twist-off caps under approximateIy 

65 - 75 % vacuum and stored at5°C. 

Assessment o/ spoilage 
The' odours of stored roe products was assessed after two and a half or three months by a 

panel of 10 jnstructed persons. Frozen roe products (vacuum packed and stored at +40° C) of 

the same batch were used as non-spoiled controis. An overall assessment of the roe as either 

"acceptable" or "spoiled/rejectable" was given by each panellist. The %-rejection was 

calculated for each batch. Rejection by more than 50 % ofthe judges were regarded as 

rejection ofthe batch. The odours were further characterised as ammonia-like, sulphidy, 

putrjd, sour and rancid. The panellists were asked to use other descriptive words if 

appropriate. 

Microbiological analysis 
Flora compos ition after three months of storage, corresponding to the shelf life period 

wanted by the industry, was determined in five roe batches (batch l - 5). Samples of 10 g of 

roe were diluted ten-fold with peptone saline (PS) (0.85 % NaCl, 0.1 % peptone (Difco 

0120.01) and homogenised for 30 seconds in a Colwmth Stomacher 400. Further ten-fold, 

diIutions were prepa~ed in PS befme spread plating. Direct phase contrast microscopy (1000 

x magnification) was carried out on the first ten-fold dilution of samples, to estimate the 

number and types of microorganisms. 

Samples were spread on: 1) Blood agar (BA) pH 6.8 (lO g/l meat extract (Oxoid L29), 10 g/l 

peptone (Difco 0120-01),2 g/l yeast extract (Difco 0127-01-7), 5 g/l NaCI and 15 gll agar). 

Sterile, defibrinized calfblood (50 ml/l) (Danish Veterinary Laboratory, Copenhagen, 

Denmark) was added after autoclaving for 15 min. at 121°C, 2) Blood agar with 3 % sah 

(BA3%) and 3) All Purpose Tween agar (APT broth, (Difco 0655-01-7) and 13 gll agar), as 
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an elective agar for Lactic Acid Bacteria. The APT agar were incubated at aerobic and 

anaerob ic conditions (Oxoid anaerobic j ars with gas-generating kit BR38, catalyst BR42 and 
indicator BR55). All plates were incubated at 10°C for 6 days. 

Th~ colonies were differentialcounted giving one count for each morphological type of 

colonies.-No influence of salt concentration on:counts on bloodagarwas ob~~rved.A 
dilution' was chosen with no more than 250 colonies, from whichisolation was carrie d out. 

For comparisonamong agars, three colonies of each observed type were taken from the 

BA3% and aerobic APT plates, while one was taken from the anaerobic APT plates. No 
influence on countsof incubation atmosphere or type of agar was observed, and counts on 

BA3% are presented. 

Enterobacteriaceaeand LAB counts were determined of 6 roe batches. LAB were 

determined by spreadplating on Nitrite Actidione Polymyxin (NAP) agar (Davidson and 

Cronin 1973) modified to pH 6.7 (Jeppesen and Huss 1993). Enterobacteriaceae counts were 
determined by pour plating in Tryptone Soya Agar (TSA) (Oxoid CM131), left for one hour 

at room temperature (NMKL 1984, no. 105) and overlaid by Violet Red Bile Glucose agar 

(VRB-G) (Oxoid CM485) (NMKL 1992, no. 144). The plates were incubated at 25°C for tw:o 
days (VRB-G) or three days (NAP). Preliinifiaiy experience had established;that-similar­

counts could be obtained at 10°C and 25°C. 

During storage total viable counts øf roe witl,. added antimicrobials were determined using 

spread plating on Tryptone SoyaBroth-agar (Tryptone Soya Broth (TSB) (Oxoid CM 129) 
and 13 g/l agar) incubated at 10°C for 6 days. 

Characterisation o/ isolates 
Culturing of isolates was carried out in TSB and on TSB-agar. Unless otherwise stated the 

incubation temperature was 25°C, also in the tests described below. 

The folIowing tests and reactions were used for characterisation of isolates: Shape and 

motility were examined using phase contrast microscopy 1000 x magnification after' 

incubation at 10°C and 25°C. Gram-reaction was tested using the KOH-method (Gregersen 

1978). Gram-positive isolates were transferred to APT-agar before performing the catalase 

test. Catalase-test was done using 20 % H20 2 (Wilkinson and Jones l 977}. 
-Cytochromoxidase reaction was-te-sted with DrySlide™ Oxidase {Difco)hase1fon Kova.cs 

'(1956). Glucose metabolism Was examined by the OF-test ofHugh and Leifson (1953) using 

OF-test medium (Merck 10282). 

Gram-negative isolates that were catalase- and oxidase-positive, fermentative rods were ' 
cultured and tested at 15°C, because cells culture..c,tat 25°C were denselyfilled withgranules 

and had a rather pleomorphic appearance: 'rhese isolates were additioiially examiried for -

their sensitivity to vibriostaticum 0/129 (150 mg tablets, Rosco Diagnostica, Deiunark). The 

test was done on TSB agar, the first 2 hoursat 5°C followed by 3 days at 15°C, before 

reading inhibition zones. 
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Chemical analysis' 

Salt concentration (w/w) was calculated from the amount of chloride as determined in 

duplicate by boiling in nitric acid with exces s of AgNO} followed by titration with 0,1 M 

KSCN solution (AOAC 1995, no. 937.09). 

Dry matter content (DM) was determined in duplicate by weighing before and after drying at ' 
105°C in 20-24 hours.· . 

pH was measured using a PHM 82 (Radiometer, Copenhagen, Denmark). 

Total volatile bases (TVB), trimethylamineoxide (TMAO) and trimethylamine (TMA) were 

. determined by a modified Conway micro-diffusion method (Conway and Byrne 1933). 

To determine the concentration of organic acids five grams of roe were blended with 25 ml 

0.6 M perchloric acid and filtered. 10 ml extract was neutralised (pH 6.5 - 6.8) with KOH, 

frozen over night, filtered again and diluted to 20 ml. The extracts were analysed by HPLC 

on a BIORAD HPX-87H Organic Acids Column (300x7,8mm) using 0.008 M H2S04 as an 

eluent and Refractive Index detection. Identification and quantification was done on the 

. basis of relative retention times of standards (lactic, formic, acetic and propionic acid). 

Volatile sulphur compounds were determined usingthe method described by Dalgaard et al. 

(1993). Ten grams ofsample were kept in a 50 ml headspace bottle at 30°C in a water-bath 

for 30 minutes before 3 ml ofheadspace was injected into the gaschromatograph. 

Results 

Microbial and sensory characteristics 
Very different off-odour development was noted among the·eleven batches oflightly salted 

roe (table 1). After two and a half and three months of storage three different situations 

regardingoff-odour had occurreo: Heavily spoiled batches (batch 2,6, 7 and 10) had 

sulphidy or cabbage-like odours combined with sour, rotten and green/hay-like odours; 

batches close to borderline (batch 3, 4,5 and8) had sour, fruity, rotten and marinated 

odours, while some batches (batches 1, 9 ,and 1.1) had very weak odours, and were still 

acceptable. Occasionally judges rejected the roe due to rancid odours. This type of rejection 

remained at a constant levelof 10 - 15 % and did not increase during storage. Therefore 

rejections due to rancidity were withdrawn from the data before %-rejections due to other 

off-odours were ca1culated. 

Both roe with and without addition of antimicrobials were rejected after three months of 

storage. Roe without ailtimicrobials had sulphidy, sour, rotten, faecal and ammonia-like 

odours. The total viable counts increased to 7.6 log cfu/gin three weeksand were 7.5 log 

cfu/g after three months. Roe with antiinicrobials had odours described as chemical, 

vamish/paint and malt/soy-sauce/canimel, and the total viable counts remained below 4 log 

cfu/g throughoutstorage (data not shown). Thus off-odours developing without microbial 
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growth showed no similarity to odours in natural spoilage, and were most likely caused by 

the additives. 

In batch l - 5 total viable counts increased from initially < 2 - 3.5 log cfu/g to around 7 log 

cfu/g after four weeks (data not shown). The counts after three monthsof storage were still 

.=- at aJevel of 710gcfu/ g and very unjform~mong batches (table 1). The!iul11beri>f cells 
observed in the direct microscopy correspondj;:d to the counts on agar plates. Based on basic 

testing of 108 isolates, the microflora (counts > 5 log cfu/g) ofthe five batches could be 

divided into three groupsdefined by the following criteria:' 

LAB (70 isolates): Gram-positive, catalase- and oxidase-negative, fermentative and except 

for one group non-motile rods and cocci. 

Enterobacteriaceae (30 isolates): 9ram-negative, catalase-positive, oxidase-negative, 

fermentative, motile rods. 

Vibrio spp. (8 isolates): Gram-negative, catalase- and oxidase-positive rods, fermentative 

without gas production, motility was absent or very weak. The isolates were sensitive to 

vibriostaticum 0/129 (150 Ilg). 

Tabte 1. Saltconcentration, microbiological-data-and-odour-characteristics-of l-l-batches of 
lightly salted lumpfish roe (pH 5.4). The roe was.vacuum packed in glassjars and stored at 
5°C. Batch l - 5 was stored for three months, and counts were obtained from Blood-agar 
with 3 % of salt. Batch 6 - 11 was stored for two and a half months, and counts of LAB and 
Enterobacteriaceae were obtained from selective agars. 

Saltl ) Batch %-re- Odour LAB Enterobac- Vibrio Total viable 
% no. jection characteristics log du/g teriaceae spp. counts 

WPS log du/g log du/g log du/g 

3.5 6 100 Sulphidy, green/hay, sour, rotten 8.1 5.3 

3.5 7 100 Sulphidy, sour, rotten 8.0 5.8 

3.6 4 43 As batch 3, but weaker 6.7 6.9 ~5 7.1 

3.7 2 73 Cabbage-like, NH3, fruity, rotten 7.0 6.9 ~5 7.3 

3.7 8 50 . SO\.~r 7.7 5.5 
." ~ - - - - •• -.. __ o ~ 

3.8 5 37 As batch 3, but weaker 7.1 6.6 5.5 7.3 

3.8 3 53 Sour, marinated, fruity, rotten 7.2 6.5 6.1 7.3 
-----------------------~---------------------------------------

4.2 1 10 6.9 ~5 6.1 7.0 

4.5 10 75 Sulphidy, rotten. 7.3 5.8 

4.7 9 25 7.6 ~5 _. - - -.... _-

4.8 11 25 7.3 ~5 

l) Calculated from mean values of total salt concentration and dry matter content. Standard deviations 
in these analysis were ~ 3 % and ~ 2 % respectively. 
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In batch l - 5 and 8 - l i LAB counts after storage were around 7 log cfu/g, while higher 

counts (8 log cfu/g) were observed in batch 6 and 7 (tab le l). LAB counts were not 

systematically affected by the salt concentration. The lowest (batch.4) and the highest (batch 

6) LAB counts were obtained in batches with a very smalldifference in salt concentration. 

Enterobacteriaceae counts obtained in the eleven batches were affected by the salt 

concentration in the manner, that at salt concentrations above 4 % WPS Enterobacteriaceae . 

were only in one case (batch 10) able to grow to levels above 5 log cfu/g (table l) (by basic 

testing of colonies from VRB-glucose agar plate ofbatch 10, growth ofEnterobacteriaceae 

was confirmed). Enterobacteriaceae counts ofthe remaining batches range d from 5.3 to 6.9 
. ' 

log cfu/g. The counts ofbatch 6 - Il determined by the use of selective agar, tended to be 

lower than those ofbatch l - 5. 

Chemical changes 
The concentration oflactic acid ofbatch l - 5 did not exceed the added amount (0.1 %). 

Only slight changes in pH and lactic acid concentration occurred during storage. Small 

amounts of acetic acid were formed, and final values between 3.24 ± 0.05 (batch l) and 6.30 

± 0.23 (batch 3) Ilmol/g were reached after three months of storage (data not shown). 

The TVB concentration ofbatch 6 to Il showed a uniform increase during storage, 

regardless ofthe degree ofspoilage (figure l). The initial level varied(2~8 -7.0 mgN/lOOg), 
. . 

which could be due todifferent degrees of washing out of compounds during desalting, as 

the lowest TVB concentrations were detected in low-salt batches. Initial concentrations of 

TMAO and TMA were < 4 mgN/lOOg and < l mgN/lOOg respectively. TMA concentration 

did not increase during storage (data not shown). 
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Figure 1. Changes oftotal volatile bases (TVB) in six batches (6 - 11) ofliuTIpfish roe (pH 
5.4 and 3.5 - 4.8 % WPS) duiing vacuum packed storage at 5°C. 
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In the three heavily spoiled batches6, 7 and 10 with off-odoursdescribed as sulphidy (see 

table l), three or four volatile sulphur compounds were detected in significant amounts, 

while no or smaller amounts of some of the compounds were detected in non-spoiled (9, -Il) 

and the borderline (8) batches (table 2). The results are however not unambiguous, and the 

------- - --Awo non-spoiledbatches9 and IL have rather different profiles, s~y~ral cQ1llpounds being 

detected in the latter. 

Table 2. Volatile sulphur compounds of six batches of lumpfish roe (pH 5.4 and 
-3.5 - 4.8 % WPS) after vacuum packed storage for two and a halfmonths at 5°C. 

Batdl 6 7 8 9 10 11 

H2S +1) + (+) + (+) --
CS/) + 3) + + (+) 
æ 3SH +- + (+) + + 
æ 3æ 2SHI + + (+) + + 
æ 3SCH3

4
) 

l) +: The compound detected,(+): Peak area max. 25 % otilie largesfpeakarea-oHlle·same----"- - - - -­
compound, - : Peak area below detection limit. 2) Likely identity. Retention time 0.64 - 0.71 min. 
3) Overflow ofthe coloumn by H2S might have hidden the peak. 4) Retention times ofthe two 
standards equally close, identity inconclusive. 

The method of analysis does not allow direct quantification ofsulphur compounds, but for 

each compound there is comparability among batches. The compounds can only be 

quantified relative to the amounts of the same compound in the other batches of roe. Thus 

the results shown in table 2 is a rough profile of volatile sulphur compounds for each batch 

of store d roe, witch shows some relation to the degree of spoilage. In the frozen control s 

only trace amounts of sulphur compounds were detected. 

Discussion 

Spoilage odours, microflora and potential chemical indicators of lightly salted lumpfish roe, 

not earlier investigated, was examined in the present study. Based on 108 isolates, the 

microflora after three months of storage at 5°C was-sho~ to consist ofLAB and 

Enterobacteriaceae with Vibrio spp. as a minor part. These groups of bacteria have been 

shown to be part of the flora during chilI storage of similar products like vacuum packed 

cold-smoked sa1montfrUet~trupHansen 1995) and "gravad" fish (From and Huss 1988). 

Shewanella putrefaciens and Brochotrix spp. also reported part ofthe flora of"gravad fish" 

by the last authors, were absent « 5 log cfu/g) in the present study,which is probably due to 
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the lower pH (5.4) oflightly salted lumpfish roe (Gill and Newton 1979, Campbell et al. 

1979). 

LAB were present atcounts of 6.7 - 8.1 log cfu/g in the eleven batches of roe (table 1). This 

is in accordance with the findings of other workers, reporting LAB to growwell in fish 

products with.salt addition (~6 % WPS) (Jeppesen and Huss 1993, Magnusson and 

Traustadottir 1982, Mauguin and Novel1994). Many LAB tolerate much higher salt levels 

than used in the present study (Axelsson 1993), and no systematic influence by salt 

concentrations was seen on LAB counts. Growth of Enterobacteriaceae was apparently 

inhibited by salt concentrations above 4 % WPS (counts ~ 5 log cfu/g after storage). In one 

high-salt batch (batch 10, 4.5 % WPS) however, at least one member of the 

Enterobacteriaceae family was able to grow. Yibrio spp. constituted only a minor part of the 

flora (max. 13 %), which is likely to be due to the relatively low pH at which they do not 

compete well (Walker 1992). 

The results showed, that off-odours werecaused by bacterial activity, and very unevenly 

distributed among eleven batches ofroe with salt concentrations in the range of3.5 - 4.8 % 

WPS. High salt batches without growth ofEnterobacteriaceae (batch 1,9 and 11) exhibited 

very week off-odours, though LAB counts were at a similar level (around 7 log cfu/g) as in 

spoiled and borderline batches (2 - 5, 8 and 10). Members ofthe Enterobacteriaceae family 

must be considered organisms with a high spoilage potential as reviewed by Dainty et al. 

(1983) and Gill (1986) due to formation ofH2S and malodorous amines from amino acid 

breakdown. In the spoiled batches 6 and 7 high LAB COUIltS of 8 log cfu/g were however 

observed, while Enterobacteriaceae counts in those batches and the spoiled batch 10 were 

below 6 log cfu/g. Yet comparison among batches was complicated by the use of selective 

agar in some batches. Further differentiation .and characterisation of the LAB and 

Enterobacteriaceae flora is necessary to evaluate the role in spoilage by these orgimisms. 

Rancid odours were also detected in the products. Non-microbial changes is taking place 

during storage ofheavily salted roe (16 - 20 % WPS at +5°C), resulting in increased levels of 

peroxide and thiobarbituric acid values (Basby et al. 1997a). Thus rancid odours formed 

prior to production does influence the overall product quality, but no further development 

was observed during vacuum packed storage at 5°C. 

Production ofTMA, that takes place in many fish products (Gram and Huss 1996), did not 

occur in lightly salted lumpfish roe. TMAO concentration of fresh, heavily salted and lightly 

salted lumpfish roe has earlier been examined in this laboratory, and were shown to be low 

(~4.4 mgN/lOO g) and often undetectable (Basby et al. 1997a). The TVB, thus consisting of 

ammonia, increased during storage, but he concentration were at the same level in all 

analysed batches despite very different odour characteristics of the roe. Lactic acid . 

concentration changed only slightly during storage, and the detected concentration of acetic 

acid (3.2 - 6.3 !lmoles/g) were low·compared to the values reported by Truelstrup Hansen et 
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al. (1995) during storage at 5°C of vacuum packedcold smoked salmon. Levels of 12 - 23 

flmol/g were detected at sensory rejection of the salmon. 

Several volatile sulphur compounds (H2S, probably CS2, CH3SH and CH3CH2SH or 

CH3SCH3) were produced during storage oflightly salted lumpfish roe, and may contribute 

to spoilage off-odours,as·previously reported for both freshli~h:and:)lleat (Herbert et aL 

1971, Dainty et al. 1979, Edwards and Dainty 1987). A rough profile ofthe four volatile 

sulphur compounds of spoiled, borderline and non-spoiled roe batches exhibited some 

relation to the off-odours detected. More sulphur compounds and/or larger amounts were 

detected in spoiled batches with odours described as sulphidy (6, 7 and 10), compared to 

borderline and acceptable batches (8, 9 and 11). 

In conclusion lightly salted lumpfi~h roe stored at 5°C spoiled due to bacterialactivity, and 

spoilage organisms are to be found among LAB and/or Enterobacteriaceae. The overall 

quality of the products was however influenced by rancidity developing prior to production. 

Products with salt concentrations above 4 % WPS spoile~ less frequently, butadditional 

preservation is nevertheless required. 

Further examination of the isolated bacteria with special emphasis on their spoilage potential 
aild ability toproduce volatile-sulphtit compoufids-in-lightly salted-Iumpfish-roe is-being ._. 

conducted in this laboratory. 
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Abstract 
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Numeric Taxonomy Analysis of 70 Lactic Acid Bacteria (LAB) and 30 Enterobacteriaceae 

from lightly salted lumpfish roe, showed that Enterobacteriaceae fonned three subgroups: 

MorganelIa morganii, presumptive Serratia liquefaciens and Serratia plymuthica. LAB 
fonned three subgroups of presumptive Lactococcus spp. and Carnobacterium spp. 

Productionof off-odours and volatile sulphur compounds by twelve selected strains and 

three Vibrio spp. of identical origin in pasteurised roe, and of three Enterobacteriaceae in 

sterile fresh roe, was examined. MorganelIa morganii produced off-odours and volatile 

sulphur compounds in both pasteurised and fresh roe. One Serratia liquefaciens produced 

strong off-odours but no volatile sulphur compounds in fresh roe. 

Keywords: Lightly s~lted lumpfish roe, Enterobacteriaceae, MorganelIa morganii, Lactic 

Acid Bacteria, spoilage potential. . 
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Introduction . 

Roe from the lumpfish (Cyclopterus lumpus) has for many years been used in Scandinavia as the 

raw material for production of lightly salted lumpfish roe :products. The roe is salted as loose 

eggs (14 - 20 % NaCLin the water-phase (waterphase salk.=WPS)}right aftercatch, and stoied i1!::~~ 

plastic barrels (105 kg) at +5°Guntil needed forproduction. During production the salt 

concentration is lowered by addition of water and subsequent drainage. A variety of such 

products with different salt concentrations (4 - 9 % WPS) and addition of various preservatives 

and other additives are produced, and a large proportion is exported to other courttries. In order 

. to meet consumers demimds, the industry now wishes to produce lumpfish roe products with 

reduced use of salt and chemical preservatives. This emphasises the need for knowledge 

regarding spoilage organisms in orderio choose the proper preservation method to ensure shelf 

life and safety. 

Recentlya study was conducted on spoilage of lightly salted lumpfish roe (app. 3.5 - 4.5 % 

WPS) without further preservation except for lactic acid (0.1 % ~/w) added to lower the pH to 

5.4. Products were vacuum packed in glass jars and stored for two and a half and three months at 

5°C (Basbyet al. 1997b). It \vaS shown thatspoilage ofthe productswascaused by-bacterial­

activity. The microflora developing during storage consisted ofLactic Acid Bacteria (LAB) (6.7 

-8.1 log cfu/g), Enterobacteriaceae (=::;5 - 6.9 log cfu/g), and Vibrio spp. «5 - 6.1 log cfu/g). No 

or very weak off-odours developed in products with Enterobacteriaceae counts =::; 5 log cfu/g. 

Off-odours of varying strength and nature developed in roe willi higher Enterobacteriaceae 

counts. Occasionally high counts (~ 8 log cfu/g) of LAB also occurred in spoiled roe. 

The preseatstudy reports work carriedout in order to further characterise the microflora: offive 

roe batches with special emphasis on evaluatingthespoilage potential ofthe organisrns. LAB 

(70 isolates) and Enterobacteriaceae (30 isolates) are classified on the basis ofbiochemical 

testing to reveal differences in flora composition of roe batches with different sensory 

characteristics. The ability of selected LAB, Enterobacteriaceae and Vibrio isolates to produce 

off-odours and volatile sulphur compounds, when inoculated in lightly salted lumpfish roe, is 

examined. 

Materials and methods 

Bacterial isolates 
The bacteria examined in the present study were isolated from five batches of lightly salted 

lumpfish roe store d at 5°e for three montIis (Basby et ~l. 1997b) (table 1). The isolates were­

taken from blood-agar with 3 % salt and APT-agar (aerobic and anaerobic), as described by 

Basby et al. (1997b). All plates were incubated at 100 e for 6 days. 
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Prior to isolation the colonies were differential counted giving one count for each morphological 

type of colonies. A primaryagar plate was chosen with no more than 250 colonies, from which 

isolation was carried out. For comparison among agars, three colonies of each observed type 

were taken from blood-agar (3% salt) and aerobic APT plates, while one was taken from the 

anaerobic APT plates. No influence on counts occurredoftype ofagar or incubation atmosphere 

(Basby et al. 1997b). All isolates were included in the present study, and the counts presented 

are those obtained on blood-agar (3 % salt). 

The basic characteristics ofthe isolates were: 

70 LAB: Gram-positive,catalase- and oxidase-negative, fermentative rods and cocci. 

30 Enterobacteriaceae: Gram-negative, catalase-:-positive, oxidase-negative, fennentative 

rods. 8 Vibrio spp.: Gram-negative, catalase- and oxidase-positive rods, sensitive to 

vibriostaticum 0/129 (150 Ilg). The origin ofisolates are shown in table 1. 

Table 1. Characteristics offive batches ofvacuum pac ked lightly salted lumpfish roe (4 % 
WPS, pH 5.4), from which 108 isolates were taken. The roe had been stored at 5°C for three 
months (Basby et al. 1997b). 

Batch 1 2 3 4 5 

Water phase salt 4.2 3.7 3.8 3.6 3.8 
% 
Odour assessment: 
%-rejection I) 10 73 53 43 37 
Odour v~ry·weak cabbage-like, sour, Iilarinated, as batch 3, but. as batch 3, 

odours NH3-like, fruity, rotten weaker but'weaker 
fiuity, rotten 

. Viable counts, log cfb/g 2) 

Total viable cOlmts, TO 7.3 7.3 7.1 7.3 
LAB 6.9 7.0 7.2 6.7 7.1 
Enterobacteriaceae :::;5 6.9 6.5 6.9 6.6 
Vibrio spp. 6.1 :::;5 6.1 :::;5 5.5 
Isolates: 
LAB F281:..2, F36 1-3, F37 2-3, F 46 1-3, F48 1-3, F63 1-3, F64 F 72 1-3, F73 

F29l-3, F4l 1-2, F42 1-3, F54 1-3, F57, F58, 1-2, F66 1-2, 1-3, F76 1-3, 
F32l-3, F44,F45 F6l 1:·3 F68, F69, F70, F77 1-3, F80, 

F33 1-3,34, F83 1-2,84 1- F8l 
F35 3, F85 1-2 

Enterobacteriaceae F38 1-3, F39 1-3, F49, F50, F52 1-3, F59 1-3, F65- F7l 1-3, F75-
F40-1, F43 F53 1-3, F55, F56 l, F67 l, F78, F79, 

F82 

Vibrio spp. F30,F3l F47 1-3, F5l F62 F74 

l) A %-rejection ofmore than 50 is regarded as rejection ofthe roe. 2) Blood agar with 3 % salt at lOoC. 
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Characterisation and grouping of isolates 

The strains isolated from different morphological types of LAB colonies and the different 

Enterobacteriaceae colonies by Basby et al. (1997b), were further tested tollowing the 

procedures described be1ow. 

LAB isolates::wereculturedin All Purpose Tween:(APT)bj"oth (Difco 0655-01-7) and 9n~ . 
APT agar (APT broth and 13 g/l agar). Gram-negative isolates were cultured in Tryptone 

Soya Broth (TSB) (Oxoid CM 129) and on TSB agar (TSB and 13 g/l agar). Long term kept 

cultures were frozen at +80°C as described by Gibson and Khoury (1986). 

Unless otherwise stated, the incubation temperature in the tests described below was 25°C. 

LAB isolates were examined as follows: Gas productionfrom glucose was tested in De Man­

Rogosa-Sharpe (MRS) broth (De Man et al. 1960) without citrate; using Durham viais, that 

were observed for build up of gas after four and seven days. 

Argininedihydrolase was tested in MRS broth containing 3 mg/ml arginine with and without 

the addition of20 mwml glucose (Schillinger and Lucke 1987). Ammonia was detected after 

48 hours of incubation, mixing two drops of culture fluid with two drops ofNesslers reagent 

(Bie & Bemsen, Denmark) (Merck's Reagenzien Verzeichniss 1929). Formation of 

orange/rust:'colouied precipifafe was iepoitedas a positivereaction. 

Fermentation of carbohydnites was determined in micro-well plates (InterMed. Nunc, 

Roskilde, Denmark) using a method described by Jeppesen and Huss (1993) modified after 

Jayne-Williams (1975). The test sugars were added to the wells as filter sterilised solutions 

to a final concentration ofO.02 M. Five ml ofbasic medium (MRS without glucose and meat 

extract but with 0.005 % chlorophenol red as indicator) was inoculated with 50 111 ofa 24 

hours culture in APT broth and 200 111 of this mixture were added to the wells. The wells 

were covered with 50 111 sterile paraffin oil. Change in colour from red to yellow was 

observed after 2 and 6 days. Fermentation ofthe followiilg substrates were tested:·cellobiose, 

galactose, lactose, maltose, mannitol, melezitose, melibiose. raffinose, rhamnose, ribose, 

salicin, trehalose and xylose. 

Hydrogensulphide production was tested in modified lead acetate agar described by Shay and 

Egan (1981) and with 0.8 % cystein added as filter sterilisedsolution (J.Tidemand, personal 

,?ommunication).The test was done in viais, and the agar covered with sterile paraffin oil 

.. :before· incubatlon atSOC for up to· 5 weeks. Readings were done once a week as: - negative, 

+ positive (blackening around stitch), ++.strongly positive (also blackening ofmost ofthe 

agar). 

Growth on acetate agar (Rogosa et al. 1951) was visually observed by surfaee inoculation 

and incubation in 5' % CO2-atmosphere for 5 days. 

Growth at 45°C was visually observed in MRS-broth after incubation for 4 days in a watet.:. 

bath. 
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Enterobacteriaceae iso/cites were tested using APl 20B identification system (bioMerieux, 

France). Single reactions were evaluated folIo wing the instructions of the manufacturer. 

Hydrogensulphide production at 5°C was additionally tested by the same method as used for 
LAB isolates. 

Positive and negative results ofthe biochemical testing ofLAB and Enterobaceriaceae were 
score d 1 and O respectively. The data were analysed using the NT -SYS-pc software package 

(Rohlf 1993). Similarity between strains were analysed using the simple matching 

coefficient (SSM ), and dertdrograms were constructed using the unweighed pair group 
method with averages (UPGMA) arithmetic algorithm. 

lnoculation o/ roe 
The ability of selected bacterial isolates to produce off-odours was examined by inoculation 

into lightly salted pasteurised or fresh sterile roe. 

Roe with approximately 4 % WPS prepared by the normal industri al desalting metho'd (Abba 

Seafood AJS, Denmark). The pH was lowered from around 5.9to 5.4 by addition oflactic 
acid (i.e. 0.1 % (w/w» (PURAC®SP 80, Nordisk Droge Handel AJS, Denmark). The roe was 

packed in glassjars containing 350 g. The jars were closed with twist-off caps under 65 - 75 

. % vacuum and heated in an autoclave (72°C in the centre for 10 minutes). 

Fresh, sterile roe was obtained from newly caught live lumpfish. The fish were killed by 
cutting the neck, and allowed to bleed. The belly was skin washed in 5 % NaC03 (Herbert et 

al. 1971) and thenin 70 % ethanol, this was repeated twice to remove the slime. The skin 

was disinfected using 2 % offormaldehyde (Herbert et al. 1971) and allowed to dry in a 

flow-bench. The skin and roe sacks were cut open with a sterile knife and the roe removed 

using sterile spoons. Heat sterilised salt and filter sterilised lactic acid solution were added· 
to approximately the same pH and salt concentration as the p~steurised roe. The saltedroe 

was then pac ked in sterile glassjars containing 100 g. 
Before inoculation into pasteurised or sterile roe, Gram-negatives were cultured in Tryptone 

Soya Broth (TSB) for 48 hours and LAB in APT -broth for 72 hours. lncubation temperature 

was 10°C. For both types øf roe, the jars were inoculated with 1 ml/lOO g roe of a 10-2 

dilution in 4 % saline ofthe broth culture, to obtain an inoculum of 4 - 5 log cfu/g roe. After 

inoculation and mixing the j ars were closed under 65-75% vacuum, non-inoculated jars were 

included as controis. All jars were stored at 5°C. 

Odour assessments o/ inoculated roe 
Odours ofinoculated roe were assessed bya panel of 8 or 9 instructed persons. Off-odours 

were assessed as none, weak, distinct or strong compared to the non-inoculated controis, and 

odours were described in words. Ari overall assessment of the roe as either "acceptable" or 

':rejected" was given by each panellist. Rejection by more than 50 % ofthe judges was 

regarded asrejection ofthe inoculated roe. 
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J!icrobiological anaJysis o/ inoculated roe 

A sample of 10 g ofroewas used for spread plating after dilution. The samples were diluted 

ten-fold with peptone saline (PS) (0.9 % NaCI, 0.1 % peptone(Difco 0120.01)) and 

homogenised for 30 seconds in a Stomacher lab-blender 400. Further ten-fold dilution were 

madeiiLPS before spreadplating on TSB-agar (roe:inoculated with Gram-negative~and-~on­

inoculated control s) or on APT-agar (roe inoculated with LAB). The plates were incubated at 

10°C for 6 days, and checked for purity. The correct identity ofinoculated strains causing 

rejection, was after the experiment confirmed by repeatingthe biochemical testsearlier 

performed. 

Chemical analysis o/ inoculated roe 

Salt concentration (% w/w) ofthe roe was calculated from the amount of chloride as 

determined in duplicate by boiling in nitricacid withexcess of AgN03 followedby titration 

with O, 1M KSCNsolution (AOAC 1995, no. 937.09). 

Dry matter content (DM) (% w/w) ofthe roe was determined in duplicate by weighing before 

and after drying at 105°C in 20-24 hours. 

Volatile sulphurcompounds were detertnihea lising the-method-described-by-Dalgaard-'et-al. 

(1993). Ten grams of sample were kept in a 50 ml headspace bottle at 30°C in a water-bath 

for 30 minutes before 3 ml ofheadspace was injected into the gaschromatograph. 

ResuIts 

Characterisation and grouping o/ isolates 

The isolates were grouped according to their similarity, before spoilage potential of different 

groups could be examined. On the basis of biochemical testing, the 70 LAB isolates could be 

divided into three groups (A, B and C) separated at 70 % levelor lower, and into four 

subgroups (Al and A2, B 1 and B2) at 86 % level or lower (figure 1). The 30 Entero­

bacteriaceae isolates grouped into three groups (1, 2 and 3)separated at 77 % level or lower 

(figure 2). The isolates of groups Al and A2 consisted of coccoid bacteria forming no tetrads 

but most often long chains. The isofafes grewat 10°C butnot at 45°Cand produced~no-gas 

(table 2). On this basis the isolates were presumptively identified as Lactococcus spp. 

(Axelsson 1993, Schillinger and Uicke 1987). The presumptive identification was however 

very much dependent on the cells being cocci. 

Groups Bl, B2 and C consisted of clearly rod shaped LAB, which were unable to grow on 
acetate agar (table 2). On this basis these strains were presUmptively identified as-- -- -------­

Carnobacterium spp. (Hammes et al. 1992,Schillinger and Holzapfel 1995). Group C 

however only shared a similarity of60 % with groups Bl and B2 (figure 1). Group Bl 
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Figure 1. UPGMA dendrogram of the % similarity as determined by the simple matching 
coefficients (SSM) based on 22 characteristics of70 Lactic Acid Bacteria strains, isolated from 
vacuum packed lightly salted lumpfish roe (app. 4 % WPS, pH 5.4) after three months of storage 
at 5°C. 
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isolates shared some characteristics with Carnobacterium divergens (but all strains were 

positive in acid production from mannitol) and group B2 with Carnobacterium piscicola. 
According to Schillinger and Holzapfel (1995), all Carnobacterium spp. are negative in acid 

production from raffinose, while Hammes et al. reported some Carnobacterium piscicola to 

be:::positi:v.e, as were the strains of group:!37. Tb.~ group C isolates were moti}ea_s are_ 

Carnobacterium mobile,funditum and alterfunditum (Hammes et al. 1992, Schillinger and 

HolzapfeI1995). None ofthe isolates could however be identified at species level. 

The Enterobacteriaceae strains of group l were presumptively identified as different Serratia 

liquefaciens (table 3). The strains of group 2 differed clearly by being negative for lysine and 

ornithine decarboxylase, and were presumptively identified as different Serratia plymuthica 

(Brenner 1984, Grimont and Grimont 1992). An incubation temperature of36°C 
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Figure 2. UPGMA dendrogram of the % similarity as determined by the simple matchirig 
coefficients (SSM), based of20 characteristics of30 Enterobacteriaceae strains, isolatedfrom 
vacuum packed lightly salted lumpfish roe (app.4 %WPS, pH 5.4) after three months of storage 
at 5°C. 
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was used in the testing of Serratia spp. reported by Brenner (1984), and 30°C is in general 

recommended for Serratia spp. by Grimont and Grimont (1992). In the present study testing 

was carried out at 25°C, as some ofthe isolates did not grow well even at 30°C. An isolate of 

group 3 was at Statens Seruminstitut, Copenhagen, Denmark identified by further testing as 

MorganelIa morgan ii (subsp; sibonii). 

Table 2. ResuIts ofbiochemical testing of 70 Lactic Acid Bacteria (%-positive isolates), 
isolated from vacuum packed lightly salted lumpfish roe (app. 4 % WPS, pH 5.4) after three 
months of storage at 5°e. Grouping of isolates originates from figure l. 1) 

LABgroup Al A2 Bl B2 C 

Number of strains 6 23 31 5 5 
Cell morphology cocci cocci rods rods rods 
Arginine dihydrolase 2) O O 100 100 O 
H2S produetion 100 17 3) 87 100 O 
Motility O O O O 100 
Growth on acetate agar 100 100 O O O 
Cellobiose 100 100 100 100 80 
Galactose 100 100 O 100 O 
Laetose O 96 O 100 O. 
Mannitol 100 100 100 100 O 
Meletzitose O O 55 O 100 
Melibiose O O O O 20 
Raffinose Q O O 100 20 
Ribose 100 100 100 100 O 
Sucrose O 39 100 100 O 
Trehalose O 100 100 100 100 
Xylose O O O O 40 
Presumptive identification Lactococcus spp. Carnobacterium spp. 

{Al, A2} {Bl, B2, q. 

1) All isolates were negative in: gas production, tetrad formation, growth at 45°C, acid produetion from 
rhamnose, and positive in: growth at IOoC and acid productiori from maltose and salicin. 2) Results were 
identical regardless of glucose addition. 3) No or very weak growth by a majority af strains .. 

The distribution among roe batches ofthe different gro ups ofLAB and Enterobacteriaceae is 

shown in table 4. The resuIts are individual counts of morphologically different colonies on 

blood-agar with 3 % salt. The biochemical testing and grouping of strains confirmed, that 

morphological identical isolates belonged to similar biochemical gro ups (Al - C or l - 3). 

Thus the results shown in table 4 is the flora composition of the five roe batches, presented 

as individual counts ofbiochemical different LAB and Enterobacteriaceae. 
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Table 3. Results of biochemical testing of 30 Enterobacteriaceae (%-positive isolates), 
isolated from vacuum packed lightly salted lumpfish roe (app. 4 % WPS, pH 5.4) after 3 months 
of storage at 5°C. Grouping of isolates originates from figure 2. 1) 

Ent~~obacteriaceae group 1 2 3 

Number of strains 15 12 3 
ONPG 100 100 . O 
Lysine.decarboxylase 100 O O 
Omithine decarboxylase 100 O O 
Citrate utilisation 100 25 O. 
Urease O O 100 
Tryptophane desaminase O O 100 
Indole O O 100 
VP 87 92 O 
Gelatinase 67 O O 
Mannitol 100 100 O 
Inositiol 67 O O 
Sorbitol 100 100 O 
Rhamnose 33 O O 
Sucrose 93 100 O 
Melibiose 100 100 O 
Amygdalin 100 100 O 
Arabinose 100 100 O 
Presumptive identification Serratia Serratia MorganelIa 

liquefåciens plymuthica morganU 2
) 

l ) All isolates were motile and strongly positive in hydrogensulphide produetion in 
modified lead acetate agar at 5°C. All isolates were negative in: Arginine dihydrolase 
and hydrogensulphide produetion from thiosulphate. 
2) Identification based on further testing at Statens Seruminstitut, Copenhagen, Denmark. 

Table 4. Different LAB and Enterobacteriaceae (log cfu/g) in five batches ofvacuuIn packed 
lightly salted lumpfish roe (app. 4 WPS, pH 5.4) aftertmee months ofstorage at 5°C. (Blood­
agar with 3 % of salt at 10°C) .. 

Batch 1 2 3 4 5 

Lactic Acid Bacteria: 
Al. Lactococcus sp. 6.7 
A2. Lactococcus sp. 6.0 6.5 6.3 1) 7.0 
BL Camobac. sp. 6.5 2) 7.1 6.5 6.3 
Bl. Camobac. sp. 7.0 ~ 

C. Camobac. sp. 5.7 

Enterobacteriaceae: 
1. Ser. liquefaciens 6.8 5.7 6.9 
2. Ser. plymuthica 6.4 6.6 
3. Morg. morganii 6.4 

l) Group A2 was not recovered from Blood-agar, the count originates from APT -agar. 
2) Group B l present in low numbers, one single isolate was obtained from the +5 dilution. 
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Spoilage potential 

In order to assess the ability of strains to produce off-odours and volatile sulphur 

compounds, pasteurised roe (3.6 % WPS) was inoculated with 5 LAB (one of each of the 

groups Al, A2, Bl, B2 and C), 7 different Enterobacteriaceae (three ofthe groups 1 and 2 

and one of group 3) and 3 Vibrio spp. (inoculation levelof all strains 4 - 5 log cfu/g). 

Only MorganelIa morganii caused rejection the pasteurised roe. After one week at 5°C, roe 

inoculated with MorganelIa morganii (F39-l) was rejected due to off-odour by 63 % of the 

panellists. The counts were 5.8 log cfu/g, and the off-odours were described as sulphidy, 

faecal and greenldecaying grass. The GC-analysis revealed only very small amounts of 

volatile sulphur compounds. The analysis was repeated, when the roe with MorganelIa 

. morgan ii was heavily spoiled (%-rejection of 100 and counts of 7.4 log cfu/g).Significant 

amounts ofmethanethiol, dimethyl-disulphide or 1,2 ethanedithiol and an unidentified larger 

compound (retention time 18.01 min.) was detected, and off-odours were now described as 

sulphidy, cabbage-like, faecal and sewer-like. Only trace amounts ofvolatile sulphur 

compounds could be detected in non-inoculated controls (data not shown). 

Jars inoculated with the remaining 14 strains were stored for 103 days in total, and the odour 

was assessed frequently. The presm:nPtive Carnobacterium spp. of group B 1 and B2 bot~ 

produced weak off-odours described as sour, sweet, malty, bread and fruity, after two weeks 

of storage, but the roe was still judged acceptable (%-rejection 40). The odours did not 

develop or increase through further storage. The remaining isolates produced even weaker 

off-odours, which were not stable with time. Counts of most strains within the first 15 days 

reached a level of 6.3 - 7.9 log cfu/g (data not shown). Lactococcus sp. of group Al and A2 

grew poorer (max. 5.8 and 6.0 log cfu/g respectively), while two Serratfa sp. (group 1 and 2) 

reached counts of 8.3 log cfu/g. After 103 days counts ofaIl strains were still between 5.8 

and 7.3 log cfu/g. Throughout the experiment the total viable counts ofnon-inoculated roe 

remained below 4 log cfu/g. 

Due to the low incidence of off-odour production among strains, lightly saIted roe mad~ 

from fresh sterile roe was inoculated in order to avoid the heat treatment of the roe. 

A low levelof contamination «1 log cfu/g) occurred in several cases, developing intoa high 

level during storage. Therefore only a few resuIts are available,which are shown in table 5. 

MorganelIa morganii (F39-l) produced off-odours of sulphidy and cabbage-like nature. 

After one week the roe was rejected, but the odours were transient. After 2 weeks the 

spoilage was unquestionable, and three volatile sulp~ur compounds had been produced in 

significant amounts. 
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Table 5. Deve10pment of off-odours in vacuum pa~ked lightly salte d lumpfish roe (pH 5.4) 
made from fresh sterile roe, ino,culated with three Enterobacteriaceae and stored at 5°C. 

Strain . Start 1 week 
Salt Inoculum-log % rejec-

% WPS log cfu/gO cfu/g tion 2) 

Serratia Iique- 3.3 5.3 6.0 13 
Jaciens F38-1 

MorganelIa 3.0 5.0 6.3 63 
morgan;; 

log 
du/g 

6.5 

7.3 

2weeks 
% rejec':'-. -: Oif-odours 

tion--

33 

89 

Volatile 
sulphur 
compounds 

None 

-CB3SH 
- CH3SCH3 or 

CH3CH2SH 4
) 

3) 

F39-1 

Cabbage-like, 
sulphidy, faecal, 

sewer-like - CH3SSCH3 or 
HS(CH2)2SH 4) 

Serratia Iique- 3.5 4.8 
fåciens F50 

l) Analysed value, 

8.0 75 8.0 67 Sour, sulphidy, 5) 

faecal 

2)RoewithF39-1 andF50 rejectedatfirst impression, the-odours-disappeared-very quickly.--- - ---_________ - ___ _ 
3) Similar compound s detected in two determinations. 
4) Retention times oftwo standards very dose, identity incondusive. 
5) Very small amounts of an unidentified compound,' retention time 25.5 min. 

Serratia liquefaciens (F50) also produced transient off-odours after one week. After two 

weeks, the roe was rejected due to sour, sulphidy and faecal off-odours, but only negligibie 

amounts ofvolatile sulphur compounds could be detected, Weak off-odours of a different 

kind (sour, marinated, sweet) were produced by the other Serratia liquefaciens (F38-1). The 

roe was not rejected and production of volatile sulphur compounds were not detected in the 

roe headspace.' The non-inoculated roe remained neutraljudged by odour after 14 days of 

storage, and only trace amounts of volatile sulphur compounds were detected. The salt 

concentrations were lower than expected, due to difficulties foreseei~g the dry matter 

content ofthe roe ofthe different lumpfish. 

Discussion 

Further .characterisation in t.he_pr~sent study ofLAB and Enterobacteriaceae from lightly 

salted lumpfish roe isolated by Basby et al. (1997b) showed, that theLAB.flora consistedof 

two groups of presumptive Lactococcus spp., and three groups of Carnobacterium-like 

organisms. None of the strains however fitted directly into a species identification. Strains of 

one group (C) were motile, and differed from strains ofthe other two groups (Bl and B2) in 
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a majority of performed tests, resulting in a similarity of only 60 %. Further examination is 

necessary for proper identification of the isolated LAB· strains. 

The majority ofEnterobacteriaceae isolates were presumptively identified as Serratia 

liquefaciens or plym uth ica. Both species occur in the natural environment, Serratia 

plymuthica preferably in water (marine and fresh), and can easily be introduced into foods 

(Grimont and Grimont 1992). Morgtmella morganii, detected in one roe batch, i~ known in 

association with fish as a histamine producer likely to be added during handling (Liston 
1992). 

By comparison of flora composition and off.,.odours among five roe batches, it was note d 

that: In roe with Enterobacteriaceae counts :$ 5 log cfu/g, off-odours were not produced 

(batch l). Roe with 6.5 - 6.9 log cfu/g Enterobacteriaceae consisting of Serratia liquefaciens 

and/or Serratia plymuthica, were close to borderline (37 - 53 % rejection), and off-odours 

were described as sour, marinated, fruity and rotten (batch 3 - 5). Roe with 6.4 log cfu/g 

MorganelIa morgan ii was heavily spoiled due to cabbage-like, ammonia,;.like, fruity and 

rotten off-odours (batch 2) (tabh~ l). 

MorganelIa m organ ii was the only isolate tested in this study, that caused rejection of both 

pasteurised and fresh roe at 5°C, when inoculated in pure culture. Cabbage-like, sulphidy, 

faecal and sewer-like off-odours were produced in both types of roe, and volatile sulphur 

compounds were detected in the headspace of the spoiled roe. Combinations of 
. hydrogensulphide, methanethiol and dimethylsulphide have been shown to be responsibIe for 

the sour, sulphidy, cabbage-water odours ofstored fish (Herbert et al. 1975), and volatile 

sulphur compounds are likely to contribute in spoilage off-odours produced by MorganelIa 

morganii. 

The profiles ofvolatile sulphur compounds producedin the two types ofinoculated roe were 

not identical. Methanethiol and dimethyldisulphide/l,2 ethanedithiol were produced in both 
roes, dimethylsulphide/ethanethiol only in the fresh roe, and an unidentified larger 

compound only in the pasteurised roe. There can be many explanations for the different end 

products observed, like small changes in growth conditions inc1uding different salt 

concentrations, different storage times and differences in available substrates inc1udirtg 
unknoWn effects ofthe pasteurisation. Methanethiol anddimethylsulphide/1,2 ethanedithiol 

were also detected in naturally contaminated roe products by Basby et al. (1997b). 

Off-odours, though transient, were recognised before volatile sulphur compound s could be 

detected, and other volatile compounds are likely to contribute to the spoilage by MorganelIa 

morganii. Dainty (1996a) mentioned some unpublished results, where a Morganella 

morganii was shown to cause unusual spoilage ofvacuum-packed ham due to producti~m of 

hydrogensulphide and indole. Indole was also by Giaccone et al. (1994) suggested as 

indicator of sensory and hygienic quality of bovine tripe. Due to the odour of inoculated roe 

described as faecal and sewer-like among other words it can be suggested, that indole is 

inc1uded in future studies on spoilage oflightly salted lumpfish roe by MorganelIa morganii. 
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The counts of MorganelIa morganii at spoilage of inoculated roe were 6 - 7 log cfuJg. Thus 

at the same level as observed in naturallyspoiled roe (6.4 log cfuJg, table 4), and the off­

odours produced were ofthe same nature. It can be c"Oncluded, that MorganelIa morgan ii is a 

spoilage organism of lightly salted lumpfish roe, producing very offensive odours. 

Serratia liquefaciens haye~been shown to be among the ·mostccommon Enterobacteriaceae of . .._-_._- ... - --- . 

vacuum-packed DFD meat, and. to be able to produce off-odours as reviewed by Dainty et al. 

(1983). Borch et at. (1996) reported production of slightly sulphurous, acid and fruity off­

odours by Serratia liquefaciens inoculated into vacuum packed high pH meat at 4°C. In the 

present study the Serratia liquefaciens F50 caused rejection ofthe fresh roeonly, but ,at 

counts as high as 8 log cfu/g not observed in the naturally contaminated products (table 4). 

Though the word sulphidy was used to describe the odours, only small amounts of an 

unidentified compound (retention time 25.5 min.) were detected, and this compound was not 

observed innaturally spoiled roe (Basby et al. 1997b). AnotherSerratia liquefaciens (F38-1) 

produced week off-odours of adifferent nature (table 5).Since the counts ofthis organism 

were lower, it cannot be estimated whether the results were due to regular differences 

between thetwo strains regarding their spoilage potential (separated at 86 % level, figure 2). 

V ()latile cotripourids resportsibie fol' off-odoursproduced by-Serratia -liquefaciens-in-lightly 

salted lumpfish roe are yet to be identified. 

Two presumptive Carnobacterium spp. (group B l and B2) produced weak non-sulphidy off­

odours in pasteurised roe, that did not cause rejection at counts comparable to those,ofthe 

naturally contaminated products. Due to contamination problems in sterile fresh roe, LAB 

were only tested in pasteurised roe. The role in spoilage by these bacteria needs further 

investigation. High (8 log cfUJg) counts ofLAB were noted by Basby et al. (1997b) in two 

spoiled roe batches withEnterobacteriaceae counts below 6 10g/cfuJg. It is also possibie that 

LAB contributed to spoilage odours, when growing together with Enterobacteriaceae. Borch' 

et al. (1996) reported that a typical spoilage off-odour developed in sterile vacuum-packed 

meat (4°C), when a LAB mixture were inoculated together with Hafnia a/vei. Off-odoursof 

a different nature developed when the LAB mixture was inoculated alone. 

The tested Vibrio isolates produced no off-odours in pasteurised roe~ Vibrio spp. constituted 

a minor part ofthe flora of stored lumpfish roe. Highest counts (6.1 log cfu/g) were observed 

by Basby et al. . (1997b) in a batch of roe without off-odours after three months: Itcan be . 

conc1uded, that Vibrio spp. is unimportantinspoilage oflightly salted lumpfish roe. 

Basby et al. (1997b) detected hydrogen~ulphide after storage in several naturally 

contaminated roe batches. In the presentstudy hydrogensulphide was notproduced in the roe 

model systems bytheitioculated Enterobacteriaceae. Though both someLAB and Vibrio 

spp. could have contributed to thehydIogensulphide pioduetion. -observed by Basbyet al.­

(1997b) (Shay and Egan 1981, Gram et al. 1987), hydrogensulphide production by the 

Enterobacteriaceae was indeed expected. Most Enterobacteriaceae are able to produce 

hydrogensulphide from cysteine (Cowan 1974). All the Enterobacteriaceae isolat6d in this 
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study were strongly positive when tested in modified lead acetate agar with thiosulphate and 

cysteine at 5°C, and also unable to produce hydrogensulphide from thiosulphate (table 3). 

The cysteine concentration ofthe roe is low (Basby et al. 1997a), and it is possibIe that 
insufficient amounts ofthis precursor were present in the two types of inoculated roe. During 

the long storage period ofnormal products, autolyticalliberation of cysteine could occur, as 

reportedfor heavily salted roe by Basby et al. (l 997a). This is obviously not possibIe after 

pasteurisation, and regarding the fresh roe, the storage period of two weeks was much 

shorter than in natural spoilage. 

Thus in conclusion, when growing in lightly salted lllmpfish roe, Morganella morgan ii acted 

as a spoilage organism, producing off-odours, volatile sulphur compounds and most likely 

other volatile compounds. Serratia liquefaciens produced spoilage odours, but the volatile 

compounds responsible, were not identified. Spoilage by Serratia plymuthica and LAB were 

not demonstrated, but their role in off-odour production needs further investigation. This 

includes the significance of irtteractions between LAB and Enterobacteriaceae. 
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Note 1. Detailed chemical data on fresh and salted lumpfish roe. 

In this note results on various chemical analyses of roe are presented, that were not found 
appropriate to incorporate in detail s in the text. Results shown in table l - 6. are discussed in . 

'. paper l and chapter =3 (materialsand-l11ethods are deSCFibed iri=paper l). Results shown in' .=~ _ 
table 7 and 8 are discussed in paper 2 and chapter 4 (materials and methods are described in 
paper 2). 

Table 1. Proximate composition (mean ± standard deviation, double determinations) of 
fresh roe ofdifferent catching locations, stored heavily salted roe of different catching 
seasons/ storage times and lightly salted lumpfish roe. 

Roe Salt Moisture Lipid· Protein I) Ash 
% w/w % w/w % w/w % w/w % w/w 

Fresh roe 
Denmark 2) 0.9±0.04 82.4±0.4 5.4±0.1 123±0.9 1.0±0.04 

0.9-±0.03 81.4±0.3 5.9±0.1 14.5_±_UL _____ J~Q±Q,Q! ___ 
1.0±0.01 78.7±0.6 4.9±0.1 17.4 ± 2.1 1.1 ±0.01 
0.9±0.01 81.3±23 5.9±0.1 18.0±1.1 1.0±0.05 
1.0±0.OO 81.1 ± 1.6 5.4±0.1 15.0± 1.7 1.0±0.04 

Canada 3) 1.0±0.0 77.5±0.2 5.8±0.1 15.2±0.8 1.1 +0.1 
0.9±0.0 773±0.2 6.4±0.s 15.8±0.2 1.1±0.0 

Heavily 
salted roe 
Actual season 4) 12.9±0.7 67.3±0.1 5.0 ±0.1 13.5 ±0.2 14.0 ±0.2 

13.0 ± 1.0 68.4 ± 0.3 4.1 ± 0.2 12.6±0.3 13.3 ±0.3 
12.9±0.s 66.7 ±0.1 4.3 ± 0.1 13.0 ±0.2 14.2 ±0.3 

Previous season 5) 11.2 ± 1.8 68.2 ±0.1 5.1 ±0.3 14.1 ±0.3 12.0 ±0.1 
1l.9±0.S. 68.5 ±0.4 5.2 ±O.O 14.4±0.1 12.9±0.0 
11.2 ±0.3 68.5 ±0.4 5.0 ±0.3 15.1 ±0.6 12.0 ±O.O 

Lightly 
salted roe 
Previous season 6) 4.8±0.3 77.1 ±0.7 5.1 ±O.S 13.2 ±0.1 4.7±0.0 

4.9±0.5 77.1 +0.3 5.0 ± 0.1 13.5±0.5 4.5 ±O.O 
4.8+0.1 79.1 ±0.8 4.8±0.0 13.2±0.3 4.5 ±0.1 

1) Cmde protein, N x 6.2S. 2) Roe offive individual1umpfish. 3) Screened roe from two geographic 
locations. 4) Stored for two months at +soC, three barre1s (IOS kg). S) Stored for one year at +5°C, 
three barrels (105 . kg). 6) Made by desalting ofthree barrels stored for one year. 
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Table 2. Fatty acid composition (% w/w oftotal fatty acids) 1) offresh and lightly salted 
lumpfish roe (made by des alting ofheavily salted roe stored for 8 months at ... ;..j°C) .. 

Fatty 
acid 

14:0 
15:0 
16:0 
17:0 
18:0 
L 

1.4 
0.4 
13.8 
0.4 
3.3 
19.3 

14:1 (n-5) 0.1 
16:1 (n-7) 1.5 
18:1 (n-9) 16.6 
18:1 (n-7) 2.9 
20:1 (n-ll) 0.3 
20:1 (n-9) 3.1 
20:1 (n-7) 0.4 
22:1 (n-ll) 0.8 
22:1 (n-9) 0.5 
24:1 0.1 
L 26.3 

Fresh roe 2) 

1.4 
0.4 
14.1 
0.5 
3.3 
19.7 

1.5 1.1 
0.4 0.3 
14.3 15.0 
0.5 0.4 
3.1 3.2 
19.8 20.0 

1.2 
0.3 

·14.6 
0.4 
3.3 
19.8 

0.1 0.1 0.1 0.1 
1.3 1.5 1.5 1.4 

16.3 14.7 16.6 15.3 
2.5 3.0 3.4 3.0 
0.6 0.6 0.2 0.3 
3.1 2.5 2.6 3.0 
0.4 0.6 0.4 0.5 
0.9 0.6 0.4 0.6 
0.5 0.6 0.4 0.4 
0.2 0.3 0.1 0.1 
25.9 24.5 25.7 24.7 

16:2 
18:2(n-6) 
20:2(n-6) 
L 

0.6 0.6 0.6 0.5 0.6 
0.9 
0.2 
1.7 

16:3 
18:3 (n-3) 
L 

1.0 1.1 1.2 0.8 
0.2 0.2 0.3 0.2 
1.8 1.9 2.1 1.5 

0.3 
0.5 
0.8 

0.4 .0.4 0.3 
0.6 0.4 0.3 
1.0 0.8 0.6 

0.3 
0.3 
0.6 

Lightly salte d roe 3) 

1.5 l) 

0.3 
14.3 
0.3 
3.7 

20.1 

0.1 
2.0 
14.3 
4.8 
0.1 
2.1 
0.7 
0.4 
0.4 
0.2 
25.1 

1.5 1.6 
0.3 0.3 
14.4 14.3 
0.3 0.3 
3.7 3.6 
20.2 20.1 

1.6 
0.3 
14.3 
0.3 
3.7 
20.2 

0.1 0.1 0.1 
2.3 2.1 2.1 
15.1 14.0 14.0 
4.9 4.8 4.8 
0.3 0.2 0.2 
2.5 2.1 1.9 
0.8 0.7 0.7 
0.5 0.4 0.4 
0.5 0.4 0.4 
0.2 0.2 0.2 
27.2 25.0 24.8 

0.5 0.5 0.6 0.5 
0.6 0.6 0.6 0.6 
0.2 0.1 0.2 0.2 
1.3 1.2 1.4 1.3 

0.3 0.3 0.3 
0.3 0.3 0.3 
0.6 0.6 0.6 

0.3 
0.3 
0.6 

1.4 
0.3 
14.3 
0.3 
3.8 
20.1 

0.1 
2.2 
15.2 
4.8 
0.1 
2.4 
0.6 
0.5 
0.4 
0.2 
26.5 

0.5 
0.6 
0.1 
l.2 

0.3 
0.3 
0.6 

1.5 1.3 1.5 1.5 
0.3 0.3 0.3 0.3 
14.6 14.4 14.4 14.5 
0.4 0.3 0.4 0.3 
3.8 3.9 3.8 3.7 
20.6 20.2 20.4 20.3 

1.5 
0.3 
14.4 
0.3 
3.8 

20.3 

nI nI nI nI nI 
2.1 2.0 2.1 2.1 2.0 
14.2 15.4 14.2 14.5 14.5 
4.8 4.9 4.8 4.8 4.8 
nd 4) 0.2 nd. nd. 0.1 
2.2 2.2 2.2 2.2 2.1 
0.7 0.6 . 0.7 0.7 0.7 
0.4 0.4 0.4 0.4 0.4 
0.4 OA 0.4 0.4 0.4 
0.1 0.1 0.3 0.2 02 
25.0 26.3 25.2 25.4 25.3 

0.5 0.4 
0.6 0.6 
0.2 ·0.2 
1.3 1.2 

0.3 0.3 
0.3 0.3 
0.6 0.6 

0.5 05 0.5 
0.6 0.6 0.6. 
02 0.2 0.2 
1.3 1.3 1.3 

0.3 0.3 
0.3 0.3 
0.6 0.6 

0.3 
0.3 
0.6 

18:4 (n-3) 0.6 0.8 0.9 0.5 0.7 0.5 0.6 0.6 0.7 0.6 0.6 0.7 0.7 0.7 0.7 
20:4(n-6) 0.8 0.8 0.8 0.9 0.8 0.5 0.4 0.4 0.5 0.4. 0.5 0.4 0.5 0.4 0.4 
20:4 (n-3) 0.9 1.0 1.0 0.7 0.8 0.8 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 

.. ~ ........................ :?:~ ......... ~:§. .......... ~:! .......... ?} .......... :?:~ ....................... ..!:~ .......... L? .......... ~.L ....... }:? .......... }.:?. .......... ~:.~ ........ }:~ ......... ..!:? ......... }:~ .......... ~:~ ... . 

20:5(n-3) 
21:5 (n-3) 
22:5 (n-3) 
L 

17.1 
0.3 
1.6 
19.0 

16.4 
0.4 
1.3 
18.1 

17.4 18.0 18.3 
0.5 0.3 0.3 
1.3 1.3 1.5 
19.2 19.6 20.1 

19.3 19.9 19.7 
0.4 0.5 0.5 
1.6 1.7 1.6 

21.3 22.1 21.8 

19.5 19.6 
0.4 0.4 
1.7 1.6 

21.6 21.6 

19.8 19.4 19.8 19.7 
0.4 0.5 0.4 0.5 
1~ 1~ 1~ 1~ 

21.9 21.5 21.8 21.8 

19.7 
0.5 
1.6 

21.8 

Not id. 5) 5.8 4.5 4.7 4.6 5.1 5.2 4.1 ,.4.6 4.6 4.4 3.6 3.6 3.8 4.0 3.9 

CaIc. i.v. 6) 245 247 250 248 250 . 248 242 250 250 245 250 247 249 249 249 

l) Mean oftwo detenninations, standard deviations are omitted for clarity, but were < 3% exeept 
oeeasionally higher for fatty aeids present at low eoncentration « 2% oftotal fatty aeids). 2) Roe offive 
lurnpfish. 3) Ten barrels (lOS kg) afrer desalting . 4) n.d.: Not deteeted. 5) Not id.: Not identified. 
6) Cale. Lv.: Caleulated iodine value (g iodine/IOO g identified fatty acids). 
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Note l. 

Table 3. Salt, dry matter and characteristics of the lipid fraction of fresh and lightly salted 
lumpfish roe (made by desalting ofheavily salted roe stored for 8 months at +SOC). Results 
are mean values ± standard deviation (double determinations) . 

.. ---- . - --.-

Roe Salt Dry Lipid Free Jatty . Peroxide value TBA value-2
) 

% w/w matter % w/w acids, % (w/w) meqv./kg lipid ~oles/kg roe 
% w/w ofliQid 1) 

Fresh 3) 

0.9 ± 0.0 17.7±0.4 5.4 ± 0.1 2.5±0.4 nd 4) 1.2 ± 0.1 

0.9±0.0 IS.6±OJ 5.9±0.1 3.3±0.4 nd 5.4± 1,2 

LO±O.O 21.3±0.6 4.9±0.1 3.7±0.9 nd 2.9±0.0 

O.O±O.O IS.7±2J 5.9±0.1 4.3±OJ nd. 1.5 ±0.1 

1.0±0.0 IS.9± 1.6 5.4±O.1 4.3 ±0.2 nd 2.1±0.1 

Lightly salted 5) 

5.O±O.O 22.4±0.3 4.9±0.1 5.9±0.4 19.4±0.2 26.S±2.1 

--·5.S±0;0· 22.3±0.1.- Sl±O.L 4.9±O.2 23.S:!::Q.1 29.1 ±1.1 

3.0±0.1 21.1 ± 1.9 5.O±O.1 1O.S±0.2 3LS±0.9 20.7±0.9 

3.1±0.1 21.3±0.2 5.O±O.O 5.S±O.5 2S.0±1.4 2L4±0.4 

3.5±0.1 20.0±0.2 4.7±0.1 4.S±0.6 26.6 ± 0.5 1l.9±0.6 

3.0 ± 0.1 22.4±0.1 5.O±O.1 6.9±OJ 2S.6±2.3 24.0±0.1 

3J±0.2 20.6 ± 0.4 4.9±0.1 S.2±0.2 13.6±S.0 15.3 ±4J 

3.1 ±0.1 21.3 ±0.1 4~9±0.1 6.1 ±0.1 9.4±3.0 17.0 ± 3.2 

4.6±0.2 22.S±0.7 4.S±0.1 5.S±O.4 13.0± 1.0 2S.7± 1.3 

4.0±0.0 22.7±OJ 4.6±0.2 , 7.1 ±0.3 16.2±1.7 24.7±0.6 

l) Free fatty aciels as oleic acid. 2) TBA = Thiobarbituric acid. 3) Roe offive lumpfish. 4) n.d.: Not 
detected. S) Ten barrels (lOS kg) after desalting. 
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Table 4. Composition oftota1 amino acids (% w/w· of identified amino acids)l) offresh lumpfish roe and oflightly salted lumpfish roe 
(made by desa1ting ofheavily salted roe storedfor 8 months at +5°C). 

Amino acid Fresh roe 2) Lightly saIted roe 3) 

Aspartic .acid 9,6 9,8 9,6 9,6 9,6 9,5 9,5 9,5 9,5 9,5 9,7 9,6 9,7 9,6 9,7 
Threonine 5,5 5,5 5,5 5,4 5,5 5,4 5,5. 5,5 5,4 5,4 5,5 5,6 5,5 5,5 5,6 
Serine 6,5 6,6 6,6 6,3 6,4 6,0 6,0 5,9 6,1 5,7 6,2 6,0 6,3 6,3 6,3 
Glutarnie acid 12,8 ·12,9 12,9 1~, l 12,9 13,3 13,2 13,1 13,2 13,2 13,0 13,1 )3,0 ·12,8 12,7 
ProUne 5,5 5,3 5,3 5,5 5,5 5,8 5,6 5,5 5,7 5,7 5,4 5,6 5,7 5,4 5,2 
Glycine 3,0 3,0 3,0 3, l 3,0 3,0 . 3, l 3,0 3,1 3,0 3,0 3,1 3,0 3,0 3,0 
Alanine 5,6 5,5 5,7 5,6 5,6 5,5 5,7 5,8 5,8 5,8 5,6 5,6 5,5 5,9 5,9 
Cysteine 1,7 1,1 1,6 1,7 1,6 1,1 1,6 1,4 1,2 1,6 1,0 1,7 1,1 1,1 2,0 
Valine 6,6 6,7 6,5 6,7 6,7 7,0 7,0 7,0 _ 7,0 7,1 6,9 6,9 6,9 6,8 6,8 
Methionine 2,6 2,6 2,6 2,6 2,6 2,4 2,4 2,5 2,4 2,5 2,5 2,4 2,6 2,7 1,5 
Isoleucine 5,4 5,6 5,5 5,5 5,5 5,6 5,5 5,6 5,5 5,7 5,6 5,4 5,6 5,6 5,7 
Leucine 9,8' 10,0 10,0 9,8 9,8 9,7 9,7 9,9 9,7 10,0 10,0 9,8 9,9 10, l 10;2 
Tyrosine 5,1 5,0 4,9 5,0 5,0 5, l 5,1 5, l 5, l 5,0 5,1 5,3 5,1 5,0 5,0 
Phenylalanine 4,8 4,7 4,7 4,7 4,6 4,7 4,7 4,8 4,6 4,8 4,8 4,8 4,8 4,7 4,7 
Histidine 3,1 3,0 3,0 3, l 3,2 3,2 3,2 3,2 3,3 2,9 3,2 3,2 3,1 3,0 3, l 
Lysine 6,5 6,6 6,5 6,3 6,5 6,4 6,3 6,3 6,4 6,2 6,3 6,0 6,2 6,4 6,5 
Arginine 6,1 6,2 6,1 6,1 6,1 6,2 6,1 6,1 6,1 6,0 6,2 6,1 6,1 6,2 6,2 

Total, mg/g 88,6 87,3 108,7 89,3 94,3 91,6 84,5 90,0 93,4 90,5 102,1 91,9 100,8 99,2 97,3 

Taurine, mg/g 0.5 0.6 . 0.6 0.5 0.6 0.2 0.2 O.l 0.1 O.l 0.1 O.l 0.1 0.2 0.2 

l) The chromatogram also contained smal1 amounts ofammonia, oxidized methionine and small unidentified peaks at retention times around 30, 49 and 55 niinutes. 
2) Roe offive lumpfish. 3) Ten barrels (105 kg) after desalting. 
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Table 5. Composition of free amino acids (% w/w of identified amino acids) l) of fresh lumpfish roe and of lightly salted lumpfish roe 
(made by desalting ofheavily salted roe store d for 8 months at +SOC). 

I 

i: 

-- --- - - ---
l: 

Amino acid: Freshroe 2
) Lightly salted roe 3) 

Aspartic acid 11.5 12.7 10.7 8.7 5.4 7.2 6.8 6.7 6.6 7.5 4.6 .1,.3 7.0 8.0 7.8 
Threonine 4.9 5.0 6.6 6.3 4.8 5.1 4.7 5,4 5.5 4.5 4.9 4.9 4.2 4;6 4.7 
Serine 4.2 3.6 4.6 4.0 2.9 4.9 6.0 4.8 4.7 4.7 4.8 4.5 4.8 5.0 5.0 
Glutamic acid 36.7 32.0 30.6 32.8 29.1 . 13.0 14.9 13.7 12.6 14.2 16.2 13.1 14.7 14.5 14.6 
Proline 3.2 5.0 3.7 5.1 4.4 5.2 4.3 5.8 5.7 3.9 5.6 3.7 4.5 5.2 5.4 
Glycine 6.0 4.7 5.6 4.4 7.4 2.2 2.7 2.3 2.3 2.4 1.9 2.0 1.6 1.9 2.0 
Alanine 11.5 9.9 12.0 10.5 11.1 6.3 6.7 6.0 6.1 6.4 6.3 5.6 5.8 6.5 6.2 
Cyst(e)ine d 4) n. nd. 2.0 0.9 2.2 n.d. nd. nd. nd. nd. nd. nd. nd. nd. nd 
Valine 2.9 3.6 3.5 4.3 4.2 4.5 4.4 4.5 4.6 4.5 4.7 4.6 4.4 4.8· 4.7 
Methionine n,d: nd nd nd. nd. 0.2 0.1 0.1 0.2 nd. nd. nd nd. ild.' nd 
Isoleucine t8 2.0 2.0 2.6 2.3 5.5 5.7 6.6 7.0 7.1 6.6 7.0 6.3 6.4 6.2 
Leucine 4.0 4.4 3.9 4.6 4.4 11.0 10.8 10.8 11.3 10.3· 10.4 11.4 10.5 11.2 10.9 
Tyrosine 1.7 1.9 1.8 2.3 2.2 5.6 5.1 5.9 6.0 5.7 6.7 5.8 5.9 6.1 6.1 
Phenylalanine f,6 1.8 1.7 2.1 1.8 4.3 4.0 4.5 4.5 4.5 4.3 4.7 4.2 4.2 4.2 
Histidine 2.6 2.6 2.7 2.3 3.5 3.5 3.0 3.7 3.3 4.5 3.1 4.4 3.0 2.7 2.6 
Tryptophane 0.3 1.5 0.5 1.3 1.1 4.1 3.2 4.2 4.5 4.6 3.7 5.5 4.2 3.8 3.9 
Lysine 4.2 5.1 4.4 4.4 8.2 8.4 8.8 8.5 8.2 8.2 8.7 8.1 8.8 7.4 7.6 
Arginine 3.1 4.2 3:7 3.5 5.1 8.9 8.8 6.7 7.0 7.0 7.5 7.4 10.1 7.7 8.3 

~ 

Total, mg/100g 21.5 25.9 28.4 24.9 28,2 51.9 51.8 35.9 35.3 14.8 41.5 19.3 34.9 50.8 49.4 

Taurine, mg/l DOg 49.8 50.7 63.1 44.4 57.2 22.0 20.5 14.3 14.4 6.6 13.8 6.7 9.2 16.6 16.1 

1) The chromatogram also contained small amounts ofammonia, oxidized methionine, small unidentified pe!l1cs at retentlon times around36 and 49 min. and a peak 
at around 55 ~n~tes, possibly ethanol amine. 2) Roe offive lumpfish. 3) Ten barrels(105 kg) after desalting. 4) n.d.: not detected. i: 

) : 

I· , 

I: 

1AA 



Note 1. 

Table 6. Total volatile bases (TVB), trimethylamine (TMA) and trimethylamineoxide 
(TMAO) (mean ± standard deviation, double determinations) offresh, heavily salte d and 
lightly salte d lumpfish roe. 

1) Screened roe from several fish. 2) Stored for two months at +5°C, three bairels (105 kg). 3) Stored 
for one year at +5°C, three barrels (lOS kg). 4) Made by desalting often barrels stored for 8 months 
at +5°C, salt concentrations are shown in table 3. n.d.: Not detectable 
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Note l. 

Table 7. Initial and final concentrations of lactic and acetic acid (mean value ± standard 
deviation, double determinations) during storage of five batches of lightly salted lumpfish 
roe. The roe was vacuum packed in glass jars and stored atSOe for three months (pH 5.4, 
3.6 - 4.2 % WPS). 

Batch 

1 
2 
3 
4 
5 

n.d.: Not detectable 

Lactic acid 
IlIDoles/g roe 

Start 3 IDonths 

9.3 ± 0.76 9.5 ± 0.01 
9.2 ± 0.18 10.0±0.17 
8.6 ± 0.01 10.7 ± 0.03 
9.5 ± 0.09 10.0 ± 0.05 
9.2 ± 0.04 10.2 ± 0.03 

Acetic acid 
IlIDoles/ g roe 

Start 3 IDonths 

n.d. 3.2 ± 0.05 
n.d. 4.5 ± 0.15 
n.d. 6.3 ±0.23 
n.d. 3.9 ± 0.03 
n.d. 4.6 ± 0.12 

Table 8. Initial and firtal concentrations of glucose and ribose (mean value ± standard 
deviation, double determinations) during storage of five batches of lightly salted lumpfish 
roe. The roe was vacuum packed in glass j ars and stored at 5°C for three months (pH 5.4, 
3.6 - 4.2 % WPS). Peaks of glucose and ribose was detected in the analysis of organic acids, 
concentrations of which are shown in table 7 (method ofanalysis is described in paper 2). 

Batch 

l 
2 
3 

.4 
5 

n.d.: Not detectable 

Glucose 
IlIDoles/g roe 

Start 3 IDonths 

0.07 ± 0.01 0.12 ± 0.03 
0.20 ±0.07 0.11 ± 0.01 
0.36 ±0.03 0.13±0.01 
0.37 ± 0.06 0.09 ± 0.02 
0.32 ± 0.03 0.14 ± 0.01 

Ribose 
IlIDoles/ g roe 

Start 3 IDonths 

n.d. 0.06/n.d. 
n.d./0.08 0.13 ± 0.02 
n.d./0.08 0.12 ± 0.01 

0.07 ±0.01 0.08 ± 0.02 
n.d. OJO ± 0.01 
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Note 2. Growth of Enterobacteriaceae isolates in roe extract as 
affected by pH, salt and sodium lactate 

The ability of 7 Enterobacteriaceae isolated from lightly salted lumpfish roe to grow at 

different combinations of pH and salt concentrations with and without sodium lactate was 

determined by absorbance measurements in roe extract at low temperature. Materials and 

methods and obtained data are presented in this note. 

Materialsand methods 

Roe extract 

Lumpfish roe with added water (0.5 l/kg), boiled for 5 min., cooled and filtered. pH was 

lowered to 4.9 or 5.4. After centrifugation (49500 x g for 30 min. at O°C),. phosphate buffer· 
was added to the supernatant (KH2P04 7.62 gIl and K2H P04 7.66 g/l), and the pH controlled 

again. Roe extracts ofboth pH values were prepared with salt concentrations of 4.0,4.5 and 
5.5 %, by addition ofNaCl. Roe extract with 2.8 % sodium lactate (Purasal®S/SP 60,60 % 

w/w)was also prepared from all combinations ofsalt and pH. The extracts were in vials of 

10 ml sterilised at 100°C for 30 min. 

Bacterial cultures and inoculation 
The 7 isolates originated from lightly salted lumpfish roe produets stored for three months at 

5°C (paper 2). Isolates F38-1, F50 and F59-1 belonged the group l) Serratia liquefaciens, 

isolates F71-1 and F79 to gro up 2 (Serratia plymuthica) and isolates F39-1 and E5 to group 3 

(MorganelIa morganii) (see paper 2). 
Hefore inoculation in roe extract the isolates were cultured in Tryptone Soya Broth (TSB) 

(Oxoid CM 129) at 10°C for 4 days. A 10-2 dilution ofthe cultures in 4 % saline was 

prepared, and 100 /lI inoculated into vials of 10 ml extract. Each of the se ven 
Enterobacteriaceae was inolulated in roe extract of all combinations of pH, salt and lactate. 

The vials were incubated at 5°e. 

Procedures 
The viable counts of the cultures before inoculation were determined by spread plating on 

TSB-agar (TSB and 13g/1 agar). 
Absorbance at 600 nm (A600) was measured frequently during 67 days incubation using a 

Ciba Corning colorimeter 254. Non-inoculated extract was used as controis, and 

measurements were performed in a cold-storage room (10°C). 
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Note 2. 

At the end ofthe experiment·purity of all cultures in roe extract with At;oo above 0.1 was . 

controlled by phase contrast microscopy at 1000 x magnification. Viable counts of cultures 

in roe extract with sodium lactate (At;oo < 0.1) was determined by spread plating ofO.1 mlon 
TSB-agar. 

Results 

Inoculation level was ::::! 105 cfu/ml. 

The isolates F39-1 and E5 failed to grow also in roe extract with low salt and high pH. 

Results on the Serratia spp. in roe extract without sodium lactate are shown in table l'-Data 
are presented as number of days until ~oo = 0.1 was reached. 

Table 1. Growth offive Serratia spp. in roe extract rif different pH and salt concentrations. 

Strain pH 5.4· pH 4.9 

4.0 % salt --~.5%:salt-- 5~0 % saU---4:0-%--salt- --4~5-%-salt---5.0-%-salt-

F38-11
) 28 '67 67 67 67 67 

F501) 29 67 67 67 .67 67 
F59-11

) 16 45 67 58 67 67 
F71-12

) 29 67 67 67 67 67 
F792) 9 14 10 15 15 21 

l) Belongs to group l: Serratia liquefaciens 2) Belongs to group 2: Serratia plymuthica 

In roe extract with 2.8 % sodium lactate, none of the strains were able to grow during 67 

days of incubation at 5°C. At the end ofthe experiment viable counts of all strains had 

decreased. In 50 % ofthe vials counts were reduced to <10 cfu/g, and counts of allstrains 

were below 1.5 x 103 cfu/g. 
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Note 3. Biochemical testing of 18 Enterobacteriaceae isolates from 
stored lightly salted roe produets 

In order to obtaip. an indication on the variability ofthe Enterobacteriaceae flora able to 

grow in lightly saIted lumpfish roe, isolates were randomly chosen from stored roe produets 

inc1uded in different experiments of this proj'ect, and characterised by biochemical testing. 
. c 

Materials and methods and obtained data are presented in this note. 

Materials and methods 

Roe produets 

Isolates were obtained from 14 j ars ofroe pro duets inc1uded in 4 different storage 

experiments. The roe pro duets, from which isolates were taken, had been vacuum packed in 

glass jars and stored at 5°C for different periods of time. All produets had been produced 

from desaIted roe, the normal raw material for produetion, and the pH adjusted to 5.4 with 
lactic acid as defined in chapter 1 (section 1.2). Salt concentration and storage time of the 

roe produets at isolation are listed in table 1: 

Table 1. Origin of 18 Enterobacteriaceae isolates. 

Isolates Roe produets 
N umber of j ars Salt concentration Storage time 

%WPS months 

SI, S4, S6 3 3.6 lYz 

BIO, Bllb, AIO 2 3.5 2Yz 
B5, A6 2 3.5 l 

C6 1 3.7 1 
Clb, Clc, C2b, C2c,C2g 2 3.6 3 

7B,8A 2 4.0 3Yz 
CIO 1 3.7 2Yz 
E5 1 4.5 1 
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Note 3. 

Testing of bacterial isolates 

The isolates were randomly chosen from agar plates representingS log cfu/g or higher. The 

isolates were cultured in Tryptone Soya Broth (TSB, Oxoid CM 129) and on TSB-agar (TSB 

and 13 g/l agar) at 25°C. The following tests were performed: 

-- Shape'andmotility was exatnined using phase·contrast microscb~yat 10QO x magnification . 

. Gram-:-reaction waS tested using the KOH-method (Gregersen 1978). Catalase test was ·carried 

out using 20 % H20 2 (Wilkinson and Jones 1977). Cytochromoxidase re action, was tested 

with DrySlide1M Oxidase (Difco) based on Kovacs (1956). Glucose metabolism was 

examined by the OF-test ofHugh and Leifson (1953) using OF-test medium (Merck 10282). 

Finally the isolates were tested using the APl 20E identification system (bioMerieux, 

France). Single reactions were evaluated folIowing the instructions from the manufacturer. 

ResuIts 

All isolates were Gram-negative, motile rods, that were catalase positive, oxidase negative 

and fermentative in OF-medium. The results showed the following relations to the three 
groups o(Ellterobach:~iiaceae -isohites previously-tested -( table-4: 1-of chapter-4): --- --- --- ------

- 3 isolates: Results were identical to strains of group 1 (Serratia liquefaciens) 

- 2 isolates: Results differed in one test (gelatinase ) from any strain of group 1. 

- 1 isolate: Results differed in two tests (gelatinase and saccarose) from any strain of group 1 
- 8 isolates: Results were identical to strains of group 2 (Serratia plymuthica). 

- 'l isolate: Results differed in on~ test (rhamnose) from any strain of group 2. 

- 1 isolate: Results differed in two tests (rhamnose and inositol) from any str~in of group 2. 

- 1 isolate : Results differed in four tests (VP, sorbitol, rhamnose andmelibiose) from any 

strain of group 2. This isolate was by the APl 20E identification system suggested to be 

Enterobacter agglomerans. 

- 1 isolate (E5, obtained from batch 10, paper 2) was at Statens Seruminstitut, Copenhagen 

by further testing identified as MorganeUa morganii (subsp. morganii); and belonged to 

gro up 3. 

Detailed results are shown in table 1. 
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Table 1. ResultS ofbiochemical testing of 18 Enterobacteriaceåe isolates (APl 20E). In addition 1:1,11 isolates were negative 
in arginine dihydrolase and hydrogensulphide produetion from thiosulphate. . 

Strain A6 B5 AIO, S4, C6 B 11 b, SI, S6, ClO 7B 8A E5 
BIO Clb, Clc, 

C2b, C2c, C2g 
- _ .. _- ~_ ... ~._-

ONPG + + + + + + + + 
Lysine decarboxylase + + + + 
Ornithine decarboxylase + + + + 

. Citrat utilisation + +- + + + + 
Urease + 
Tryptophane desaminase + 
Indole + 
VP + + + + 
Gelatinase + 
Mannitol + + + + + + + + 
Inositol + + + + + 
Sorbitol + + + + + + + 
Rhamnose + + + + + + + 
Sucrose + + + + + + + 
Melibiose + + + + + + + 
Amygdalin +. + + + + + + + 
Arabinose. + + + + .+ + + + 

+ : Positive reaction 
- : Negative reaction 
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Note 4. Growth of Listeria monocytogenes in lightly salted 
lumpfish roe 

In order to detennine~theability of Listeria monoeytogene.rJogrQ}Y in lightly salted 

lumpfish roe, roe products were inoculated with Listeria monoeytogenes in low numbers, 

and analysed during chill storage. Material and methods and obtained data are presented in 
this note. 

Materials and methods 

Roe pro duets : 

Lightly salted lumpfish roe was prepared by desalting ofheavily salted roe (ABBA Seafood, 

Denmark) folIowing standard procedures (see chapter 2). When the salt concentration was 

slightly below 4 % (estimated by direct titration on the brine with 0.1 N AgN03 and K2Cr207 
as indicator) fhe roe was drailled, weighed andplaced at 2°C, whiJe-analysis of dry matter 

and salt concentration ofthe roe was carried out. Dry matter content was detennined by 

weighing before and after drying at 105°C in 20-24 hours. Salt concentration was calculated 
from the amount of chloride as detennined by the method of AOAC 1995, no. 937.09. Based 

on these results th~ exact amount ofNaCI needed to obtain a salt concentration of 4% WPS 

was calculated. This amount of salt was added to the roe, and the pH lowered to 5.4 by 

addition of lactic acid (0.1 % w/w) (PURAC®SP 80, Nordisk Droge Handel AIS, Denmark) 

After thorough mixing, the roe was packed in 100 g glass jars. 

lnoeulation: 

Two mixtures of Listeria monoeytogenes strains earlier isolated at this laboratory was 

included: Strain 4llBl and 4llB5 isolated from a caviar product (donated by Vibeke From 

Jeppesen), strain 057 from waste-material in a production plant for "gravad" salmon and 

s~rain H018 from slicedcold smoked salmon (donated by Peter Karim Ben Embarek). 

The bacteria were cultured in Brain Heart Infusion broth (BID, Difco) at 10°C for three days. 
Cultures of 4llB land 4llB5 were mixed (A) and so were cultures of 057 and HO 18 (B). Of 

the two mixtures A and B a 10-7 dilution was prepared in sterile 4 % saline. l mlofthis 

dilution was inoculated in 100 g jars of roe. After finishing all inoculations, 0.1 ml of diluted 

A and B were spread on BIll-agar for enumeration and controlof purity (dilution A: 2.3 log 

cfu/ml, B: 2.5 log cfu/ml). All jars were closed under vacuum, and stored at 5 or 10°C. 
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Note 4. 

Analysis: 

Listeria monocytogenes was determined in duplicate (two j ars) by spread plating on Oxford 

agar (Listeria selective agar, Oxford formulation, Oxoid CM 856 + SR 140). Th~ entire 

content ofajar was first homogenised (30 s.) in a Colworth Stomacher 400. From the bags 
25 g was aseptically talæn for ten fold diltItion in peptone saline (0.85 % NaCI, 0.1 % 

peptone) and homogenised again for 30 seconds.Appropriate further ten fold dilutions were 

plated on O:xford agar. The plates were incubated at 37°C for 48 hours. Provided no growth 

occurred from non-inoculated roe j ars, counts were reported as counts of Listeria 
monocytogenes. 

ResuIts 

In no ca~e growth on Oxford agar was detected from non-inoculated roe j ars. The results on 

growth ofthe mixtures A and B of Listeria monocytogene~ at 5°C and 10°C are shown in 

table 1: 

Table 1. Counts of Listeria monocytogenes (log cfu/g) in lightly salted lumpfish roe (4 % 
WPS, pH 5.4) during vacuum packed storage at 5°C and 10°C. Results from double 
determinations (two j ars) are shown. 

Strain Storage l day 6 days 13 days 18 days 23 days 

mixture tempo 

A ·soC < l 3.2 6.S 7.0 7.4 

< l 3.5 6.0 7.2 7.3 

A 10°C <1 S.8 6.8 7.3 7.5 

< l 6.0 6.9 7.6 7.8 

B SOC < l 2.6 6.0 7.0 7.1 

< l 2.5 6.2 6.9 7.6 

B 10°C <1 6.0 8.0 7.S 7.6 

< l 6.0 8.2 7.1 7.4 

l) Results from two jars. 2) Mean value. A: Mixture of strains 41lB l and 411B5, inoculated to 0.3 log cfu/g. 
B: Mixture ofstrains 057 and H018 inoculated to 0.5 log cfu/g. 
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Note 5. Screening for antagonistic activity against Listeria 
monocytogenes or Gram-negative roe isolates among LAB from 
roe produets. 

As the idea at iriitia:tiori~ofthis projectwas to use live".:culturesofLABto preserve lightly _=~.~ 
salted lumpfish roe" (biopreserved), experiments have been performed with the aim of 

isolating LAB from roe products with antagonistic activity against Listeria monocytogenes 

and potential" spoilage organisms. 

In experiment 1 and 2 described in this note, the strategy was to ensure as a similarity as 

great as possibIe between normal roe products and the experimental conditions at which 

antagonism were to be detected. Therefore a roe agar was used for the antagonism assays, 

which were designed as replica plating on roe agar overlaid with soft roe agar (experiment 1) 

or as well diffusion assays in roe agar (experiment 2). Thus both were unspecific assays 

intended to detect any type of antagonistic action by LAB at imitated product conditions~ 

Due to obstacles to be revealed below, a third experiment was performed as a well diffusion 

assay in a laboratory medium with Listetia monocytogenes as the target organism. 
- -- --- ._- _._-,-_ .. -.-._-----~- ---- ---.. --- ------_ .. - - --------

Experiment 1 

Materials and methods 

Roe produets 

The roe products of which LAB were examined in this -experiment were identical to batch 6 -

11 ofpaper 3 (salt concentrations 3.5 - 4.8 % WPS, pH 5.4). The six batches were prepared 

by desalting of six barrels of heavily salted roe following the normal procedure. The roe was 

stored under vacuum in glass jars at 5°C for 2~ months, and spread on NAP agar as 

described in paper 3. 

" Roe extract and agar 

Heavily salted lumpfish roe was desalted to a salt concentration slightly below 4 %, and 

placed at O°C while analysis of dry matter and salt concentration was carried out as 

described in note 4. From the roe an extract was pro duc ed by a method modified after Gram 

et al. (1987): 

The roe was added 0.5 l/kg tap-water, heated, boiled for 5 minutes and allowed to cool. The 

roe was filtered through double layer gauze. The gauze was transferred to a mechanical press 

to squeeze the remaining liquid from the roe. To the extract was added 0.1 % (w/w) lactic 

acid (PURAC®SP 80) and phosphate buffer (7.62 gll KH2P04 and 7.66 g/l K2HP04). The pH 

was adjusted to 5.4 (HeL or NaCl). 
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To reduce the turbidity, the extract was centrifuged (49500 x g) at O°C for 30 min. The thin 

upper layer of lipid was removed, and the supematant collected with a pipette. Based on 

results on dry matter and salt concentration ofthe roe and the amount of added water, 

additional· salt needed to obtain a salt concentration of 4 % WPS was calculated, and the salt 

added. 

The extract was sterilised at 100°C for 30 min. For production ofroe agar 13 g/l or 7 g/l agar 

(soft agar) was added (boiled) before sterilisation. 

Antagonism assay 

After counting of colonies on NAP-agar plates (LAB counts of batch 6 - Il is shown in table 

l paper2) an appropriate dilution (10-5 or 10-6
) was chosen, and the plates copied on roe agar· 

plates (10 ml agar) using dry-sterilised velvet mounted on a plastic cylinder, the size of a 

petri-dish (Ø 8.5 cm). The plates were incubated at 5°C until visible colonies had formed. 

Targetorganisms included 10 Enterobacteriaceae previously isolated from lightly salted 

lumpfish roe. The groups l - 3 were represented: MorganelIa morgan ii (F39-1; E5) Serratia 

liquefaciens (F38-1, F50, F59-1) and Serratia plymuthica (F79, F71-I) (paper 3). A mixture. 

ofthree Vibrio spp. (F30, F47-1, F62) (paper 3) andone Listeria monocytogenes (057, note 

4) was also inc1uded as target organisms. The target organisms were cultured in roe extract 

at 5°C and their counts estimated using phase contrast microscopy (x 1000) (level 106 

cfu/ml). 

The roe agar copy plates with LAB colonies were overlaid with soft roe agar seeded with 

target organisms (1 ml grown broth culture to 10 ml molten soft-agar). One copy plate of 

each NAP agar plate was not overlaid. The plates were incubated at 5°C in Oxoid Anaerobic 

jars, reduced to 70 % vacuum and refilled with N2 and.observed for inhibition zones for up 

to three weeks. 

ResuIts 

Only hardly visible zones of inhibition of the Vibrio mixture were observed around a few 

LAB colonies. Insufficient growth of some target organisms occurred in addition. Therefore 

a second experiment was performed (experiment 2). 
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Experiment 2 

Materials and methods 

For this experimeiit 28 LAB were randomly chosenfrom the non-overlaid copy plate~:.Qnroe 

agar described in experiment 1. The isolates were biochemically tested by the methods 

described in paper 3, the results ofwhich are shown in table 1. 

The antagonism assay were changed to a well diffusion assay, and th6 temperature during 
culturing of target organisms were increased to 10°C. Still attempting to mimic product 

conditions the well diffusion assay was carried out in roe agar at low temperature. 

Antagonism assay 

Inhibitor organisms inc1uded the 28 L-strains (table 1) and 15 LAB previously isolated from 

stored roe products (batch 1 - 5, paper 2), three of each of the groups Al, 'A2, Bl, B2 and C 
(F28-1, F33-1, F34, F42-1, F45, F77-1, F29-1, F61-1, F76-1, F66-1, F69, F85-1, F36-1, F41-1 

and F44) (paper 3). 
Target organisms (11 in total) inclilded 2 LTsleriamotiocytogertes-(057 -and-a-mixture- of--

411BI-5 , see note 4),6 Enterobacteriaceae (F50, F38-1, F59-1, F71-1, F79, F39-1) and 3 

Vibrio spp. (F30, F47-1, F62) (see experiment 1). 

Soft roe agar (0.7 % agar) and roe extract (both with 4 % salt and pH 5.4) was prepared as 

described in experiment 1. All strains (target and inhibitor organisms) were cultured in roe 

extract at 10°C for 4 days. 

One ml culture oftarget organisms were added to 10 ml molten (to 45°C cooled) soft roe 
agar, that were poored into petridishes (08.5 cm) and allowed to solidify (45 min.) before 

wells (0 3 mm.) were bored. From the cultures of inhibitor organisms 10 !lI were added to 

the wells. A well with 10 !lI sterile roe extract was inc1uded as control. The plates were 
incubated for up to 2 weeks at 5°C in Oxoid Anaerobic jars, reduced to 70 % vacuum and 

refilled with N2• Inhibition zones were measured from well periphery to zone periphery. 
After carrying out the 'assay all strains were streaked out on,agar plates for controlof purity. 

Results 
One Enterobacteriaceae (F39-l), one Vibrio spp. (F30) and Listeria monocytogenes (057 and 

411B 1-5) did not grow in the roe agar, when observed for two weeks. 
None of the remaining Enterobacteriaceae (Serratia spp.) were inhibited by any of the 46 

LAB tested. The Vibrio spp. F47-1 and F62 were inhibited by 27 ofthe 43 LAB, only 7 6f 
which however produced inhibition zones of 2 mm or more against one or both Vibrio -spp __ . 

. These results are shown in table 2. 
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Table 1. Results of biocliemical testing of 28 LAB randomly chosen from six batches of lightly salted lumpfish roe (batch 6 - 11, paper 2) 
after 2 Y2 months of storage at SOC. In addition all strains were negative in tetrad formation and growth at 4SOC but positive in growth at 10°C. 

Strain L3, 4, 6, L8, 9, 11, L13 L14 -17 L18 L19 L20 L21 L22 L23 - 27 L28,32 L31 

10,12,29 30 

Cell morphology rods rods' cocci fOds cocci rods rods rods rods rods rods rods 

Gas produetion + 
Arginine dihydrolase + l) 2) 2) + 2) 2) 2) + 
Motility 

GI. on acetate agar + + + + + + + + + + + 
Cellobiose + + + + + + + + 
Galactose + + + + + + + + + + + + 
Laetose + + + + + + + + 
Maltose + + + + + + + + + 
Mannitole + + + + 
Melizitose + + + + 
Melibiose + + + + + + + + 
Raffmose + + ,. 

Rhamnose + + 
Ribose + 

, 
+ + + + + + + + + + + 

Salicine + + + + + + +' + + + 
Sucrose + + + + + + + + 
Trehalose + + + + + + + + + + 
Xylose + + + 
1) Negative when 20 mg/ml glucose was present in the medium (see paper 3 for materials and methods). 2} No or weak growth. 

------~-l~J--__________________________________ ~ ____________________________________________ _ 
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Table 2. LAB (27 of 43) producing inhibition zones against, two Vibrio spp. in well diffusion 
assay in roe agar at 5°C. Unless otherwise stated, the zones were fully cleared up with a 
ili~~ri~ , 

Inhibitors L18-2l L3,lO F71-l I) L13 LI, 11,22- _ L4, 12,25-30, 
24 2) "--_.-. 32, 

F28-l,33-l, 
34 42-1 45 2

) , , 
Targets 

F47-l + + (+) (+) . 

F62 + (+) + + (+) 

+: No zone, (+): zone < 2 mm, +: zone 2 - 4 mm. l) Zone incomp1etely cleared up 2) Rim ofzonesharp. ' 

Experiment 3 

As described in experiment 1 and 2, Listeria monocytogenes failed to grow in'the 

antagonism assays, tho:ugh growth occurred during culturing in roe extract. Therefore a trial 

was performed, in which Listeria mohocytogenes 057 was spread in roe agar and All 

Purpose Tween agar (APT, Difco) after preculturing in either roe extract or APT -broth. The 

plates were incubated at 5°C. Growth occurred-in both APT-broth and roe extract. On APT­

agar plates visible colonies were formed after one weak (precultured in A;PT -broth) or two 

weeks (precultured in roe extract). No growth occurred in roe. agar regardlessofthe 

preculturing medium. Thus in order to detect antilisterial LAB amQng roe isolates, a 

traditional unspecific well diffusion assay in APT -agar was performed. 

Materials and methods 

Antagonism assay 

31- LAB (15 F -strains as in experiment 1 and 12 L-strains se1ected to represent the different 

LAB shown in table 1) were tested against Listeriamonocytogenes 057. Allstrains were 

cultured in roe extract(4 % salt, pH 5.4) at 10°C for 10 days, and their counts estimated by 

phase contrast microscopy (x 1000) (around 106 and 106 
- 107 cfuJgfoi Listeriaand LAB 

respectively). Ofthe target organism 1 ml culture were added to 10 ml molten (to 45°C 
cool ed) APT-agar, that were allowed to solidify'(45 min.) before wells were-bored, Ofthe 

LAB cultures 10 !lI were added to the wells. A Well with 10 !lI sterile roe extract was 

inc1uded as control. The plates were incubated for up to 2 weeks at 5°C in Oxoid Anaerobic 

jars, reduced to 70 % vacuum and refill ed with N 2• The plates were frequently inspected, and 
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after two weeks of incubation, inhibition zones were measured from well periphery to zone 

periphery. 

ResuIts 

Among the 31 LAB, inhibition zones against Listeria monocytogenes were produced by 8 

stra~ns, the 4 of which however onIy produced very narrow zones: 

Narrow zone ($ l mm): F33-1, F36-1, Ll3 and L14. 

Zone 6 - 7 mm: F61-1 and F69. 

Zone 11 - 12 mm: L30 and L31. 

/ 
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Note 6. Effect of LAB and/or sodium lactate on growth of Listeria 
monocytogenes and effect on spoilage and microflora of lightly 
salted lumpfish roe. 

-In this note materials and methods and::-cibtained results of four experiments--"aie described. In 

the first experiment LAB isolated from stored lightly salte d lumpfish roe produets, and 

previously examined in well diffusion assays (note 5), were inoeulated in high numbers in 

lightly salted lumpfish roe with low numbers of Listeria monocytogenes, in order to study 

their antagonistie effeet at normal pro duet conditions. 

In the seeond experiment the effeet of sodium laetate and LAB V6 on growth of Listeria 

monocytogenes and Enterobaeteriaeeae inoeulated in low numbers in lightly salte d lumpfish 

roe was examined. 

In the third experiment sodium laetate as a preservative in lightly salted lumpfish roe was 

evaluated during storage for > 3 months. The effeet on off-odour development, total viable 

eounts, LAB, Enterobaeteriaeeae and Listeria monocytogenes was determined. LAB V6 and 

F44 were inc1uded in the experiment and observed for any additional effeets on the measured 

parameters. 

In the fourth experiment the effeet of 1 % glueose addition with or without LAB V6 on 

spoilage of lightly salted lumpfish roe was determined, in order to evaluate the prospeets of 

produeing a fermented lightly salted lumpfish roe produet. 

Experiment 1 

Materials and methods 

Rpe produets 

Lightly salted lumpfish roe was prepared from normal heavily salted roe by the method 

described in note 4 to obtain a salt eoneentration of 4.0% WPS and a pH of 5.4. 

Preparation of inoculum 

Listeria monocytogenes 057 and H018 (originating from lightly preserved fish, note 4) were 

eultured in Brain Heart Infusion (BID, Difeo) broth at 10°C for three days. A 10-7 dilution of 

the grown eultures were prepared in 4 % sterile saline. 

LAB (originating from store d lightly salted roe, note 5) were eultured in All Purpose Tween 

(APT, Difeo) broth at 25°C for two days. Strains L3l and F6l-l previously produeing 

inhibition zones against Listeria monocytogenes (057) in well diffusion assay (note 5, 

experiment 3), and F44 not produeing zones, were included. The grown LAB eultures were 

eentrifuged (10.000 rpm for 10 min.) and the supernatant removed using a sterile pipette. 
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The cells were suspended in the same amount of 4 % sterile saline. This was done in order to 

avoid transfer of nutrients, influencing the salt concentration of the roe, and to allow any 
observed effect ofLAB cultures, to be ascribed to their activity in the roe. 

Experimental design 

Lightly salted lumpfish roe in glas s jars containing 75 g, were inoculated with LAB and 

Listeria monocytogenes in all combinations of057"and H018 with F44, F6l-l, L3l and F6l­

l + L3l. Non-inoculated controls and control s with 057, H018 without LAB were included. 

750 !lI Listeria monocytogenes dilution, and 750 !lI LAB suspension in total were used per 

jaL After inoculation and mixing, the jars were closed with metal twist-off caps under 
vacuum and 'stored at 5°C. For control ofpurity and determination of counts, all suspensions 

were spread on agar plates (BID-agar for Listeria monocytogenes and APT-agar for LAB) at 

appropriate dilutions and incubated at 15°C for 2 - 3 days. 

A nalys is 

The entire content ofajar was homogenised (30 s.) in a Colworth Stomacher 400. From the 

bags 25 g was aseptically taken for ten fold dilution in peptone saline (0.85 % NaCI, 0.1 % 

peptone ) and homogenised again for 30 seconds. Appropriate further ten fold dilutions. were 
plated on Oxford agar as described in paper 2. Counts ofLAB were determined by spread 

plating on Nitrite Actidione Polymyxin (NAP) agar as described in paper 2. In all analysis 
double determinations were performed by analysing two jars ofeach combination shown in 

table 1.' 

ResuIts 

,Development in counts of LAB and Listeria monocytogenes during storage at 5°C. is shown 

in table 1. Based on counts in suspensions used for inoculation, initial inoculum in the roe 

was: 0.3 log cfuJg of 057 and H018, 7.0 log cfuJg ofF44 and F6l-l, 5.0 log cfuJg ofL31. 
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Table 1. Counts (log cfu/g) ofLAB and Listeria monocytogenes during storage of lightly 
salted lumpfish roe at 5°C for 39 days. The roe was inoculated with coinbinations of LAB 
(F44, F61-1, L31) and Listeria monocytogenes (057, HO 18). Separate results from double 
determinations (two j ars ofroe) are shown. Listeria monocytogenes was not detected in non­
inoculated controIs. 

1 day 8 days 11 days 22 days 39 days 
List. LAB List. LAB List. LAB List. LAB List. LAB 

057 

+ LAB < 1 <2 <1 <2 <1 6.5 5.8 7.0 5.5 7.3 
< 1 <2 < 1 2.3 <1 5.5 6.0 7.1 <5 7.4 

F44 <1 7.2 <1 6.9 <1 7.3 <2 7.4 <2 6.8 
< 1 7.1 <1 6.8 <1 6.3 3.4 8.0 <2 7.8 

F6l-l 1.3 6.8 2.8 6.9 4.0 7.7 5.7 7.7 6.3 7.2 
2.3 7.4 2.9 6.9 4.3 7.4 5.4 6.9 6.3 7.4 

L3l * 5.2 * 5.9 4.1 7.7 4.1 7.7 6.1 1.3 

* 5.0 * 5.7 4.1 7.6 4.6 7.6 6.1 7.3 . - '. 

F6l-l * 7.1 * 6.7 3.7 7.7 4.7 7.5 5.7 7.4 
+L3l * 6.8 * 6.7 3.6 7.7 4.8 7.5 4.7 7.4 

DOlS 

+ LAB < 1 <2 2.3 4.2 5.5 5.9 6.8 6.6 7.8 7.2 
< 1 2.0 2.9 3.6 5.5 6.1 6.6 7.3 8.0 7.3 

F44 < 1 7.0 < 1 7.0 4.3 7.1 4.0 7.0 . 4.2 7.8 

1.0 7.1 < 1 7.2 2.8 7.3 4.0 7.3 3.7 7.5 

F6l-l .2.6 7.3 2.9 7.1 4.7 6.8 5.4 7.2 6.0 7.2 

2.0 7.3 2.9 7.1 - - 5.2 7.2 .5.8 6.9 

L3l * 5.1 * 5.8 4.5 7.8 5.5 7.4 6.5 7.2 

* 5.0 * 6.0 4.8 7.7 5.6 7.2 6.6 7.5 

F6l-l * 7.3 * 6.8 4.0 7.8 3.7 7.3 6.4 7.5 

+L3l * 7.3 * 6.9 4.2 7.7 5.0 7.5 6.1 7.5 

* Counts of Listeria monocytogenes obtained were judged as unreliable. Great difficulties were 
experienced in counting of colonies due to pronounced c1otting. 
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Experiment 2 

Materials and methods 

Roe produets 

Lightly salted hnnpfish roe was prepared from normal heavily salted roe by the method 

described in note 4 to obtain a salt concentration of 4.0 %WPS and a pH of 5.4. The roe wa.s 

divided in two portions, one ofwhich were added 2.8 % (w/w) sodium lactate (35 ml/kg of 
Purasal® S/S P 60, 60 % w/w; specific gravity (20°C) 1.32 - 1.34 g/ml). 

Preparation. of inoculum 

Listeria monocytogenes 057 was cultured in Brain Heart Infusion (BID, Difco}broth at 15°C 

for two days. A 10-7 dilution ofthe grown cultures were prepared in 4 % sterile saline. 
MorganelIa morganiiF39-I (originating from spoiled lightly salted lumpfish roe, paper 3), 

was cultured in Tryptone Soya Broth (TSB, Oxoid) at 15°C for two days. A 10-5 dilution of 

the grown cultures were prepared in 4 % sterile saline. 
LAB V6 (Leuconostoc sp.) (donated by Vibeke From Jeppesen) originated from from non­

spoiled sugar-saltedherring stored at 10°C. The strain was shown to be antagonistic to 

various Gram-negative bacteria inc1uding Serratia spp. and MorganelIa morgan ii in a disc 
assay at 5°C, and to Listeria monocytogenes and Yersinia enterocoliticain addition in 

shrimp-extract at 5°C at various conditions regarding salt and pH (Jeppesen and HussI993a 

and I993b). V6 was cultured in All Purpose Tween (APT, Difco) broth at 25°C for two days. 

The grown culture were centrifuged (l0.000 rpm for 10 min.) and the supematant removed 

using a sterile pipette. The cells were suspended in the same amount of 4 % sterile saline. 

Experimental design 

Lightly salted lumpfish roe in glass jars containing 75 g with and without lactate were 

inoculated with LAB, Listeria monocytogenes and MorganelIa morgan ii in the combinations 

shown in table 2. 750111 ofthe three dilutions/suspension of cultures were used per jar. After 
inoculation and mixing, the jars were closed under vacuum with metal twist-off caps and 

stored at 5°C. For control ofpurity and determination ofcounts, the' diIutions/suspension 

were spread on agar plates (BID-agar for 057, TSB-agar for F39-I and APT-agar for V6) at 
appropriate dilutions in peptone saline, and incubated at 15°C for2 - 3 days. 

Analysis 

Analysis of counts of Listeria monocytogenesand LAB was performed as described for 

experiment 1. Counts ofEnterobacteriaceae was determined in TSAlVRB-G agar as 

described in paper 2. In all analysis double determinations were performed by analysing ,two 

jars of each combination. 
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Table 2. Combinations of strains of Listeria monocytogenes (057), MorganelIa morgan ii 
(F39-1) and LAB (V6) inoculated in lightly salted lumpfish roe with and without 2.8 % 
(w/w) sodium lactate. 

V6 057 F39-1 lactate 
... _ ... _- ... 

1 -----

2 x 

3 x - x 

4 x 

5 x x x 

6 x x x x 

7 x x x 

8 x x ... -

Results 
- --.. ---- ---- ----------- - __ o. ____ • ___ • ___ • _. ____ ._ - _._ - - ___ -

Based oncounts in dilutions/suspemiion used for inoculation, initial inoculum in the roe was: 

0.8 log cfu/g for 057, 2.0 log.cfu/g f~rF39-1 and 6.5 log cfu/g for V6. 

Development in counts of LAB, Enterobacteriaceae and Listeria monocytogenes in the. roe 

during storage at 5°C is shown in table 3 - 5 .. 
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Table 3~ Counts (log cfu/g) ofLAB during storage oflightly salted lumpfish roe (4 % WPS, 
pH 5.4, vacuum packed) at 5°C.for 80days. Roe with and without 2.8 % (w/w) sodium 
lactate was inoculated with the combinations ofLAB (V6), Listeria monocytogenes (057) 
and Morganella morgan ii (F39-1) shown in' table. 2. Separate results from double 
determinations (twojars ofroe) are shown. 

3 days 10 days 20 days 30 days 38 days 52 days 80 days 

1 2.0 4.2 4.0 5.0 4.6 6.0 6.2 

2.0 3.9 4.7 5.4 5.0 5.4 6.3 

2 7.0 7.2 7.1 7.0 6.7 7.2 7.3 

7.1 7.1 7.3 6.9 7.0 6.7 6.9 

3 6.4 6.8 7.0 6.4 7.1 7.1 5.6 

6.7 6.8 6.9 7.0 6.5 6.7 7.3 

4 2.3 <2 5.4 5.0 ' 5.9 5.5 7.2 

2.3 <2 6.3 7.3 5.9 7.3 

5 6.9 7.3 6.9 7.0 6.6 6.4 6.6 

6.6 7.3 7.0 7.2 6.7 6.7 6.8 

6 6.9 7.0 6.9 6.5 6.8 7.0 7.4 

6.6 6.9 6.8 6.6 6.5 6.8 7.1 

7 2.5 2.0 2.3 6.9 7.1 7.0 6.5 

3.3 2.3 2.0 6.4 7.1 7.3 7.3 

8 1.6 3.6 6.9 7.0 6.7 7.2 7.0 

1.8 4.0 5.9 6.0 7.2 7.4 6.8 

Table 4. Counts (log cfu/g) of Listeria monocytogenes during storage of lightly salted 
lumpfish roe (4 % WPS, pH 5.4, vacuum packed) at 5°C for 80 days~ Roe with and without 
2.8 % (w/w) sodium lactate was inoculated with the combinations ofLAB (V6), Listeria 
monocytogenes (057) and Morganella morganii (F39-1) shown in table 2. Separate results 
from double determinations (two jars of roe) are shown. Listeria monocytogenes was not 
detected in non-inoculated controIs. 

3 days 10 days 20 days 30 days 38 days 52 days 80 days 

5 <1 <1 3;0 <3 <2 <2 2,0 

<1 <1 3,3 <3 <2 2,0 2,8 

6 <1 <1 <1 <1 <1 <1 <1 

<l <1 <1 < 1 <1 <1 < 1 

7 <l <1 <1 <1 < 1 <1 <1 

<1 <1 <1 <1 <1 <1 <1 

8 <1 <1 .4,1 3,5 3,3 3,2 

<1 <1 4,0 3,0 2,3 2,7 3,1 
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Table 5. Counts(log cfu/g) ofEnterobacteriaceae during storage oflightly salted lumpfish 
roe (4 % WPS, pH 5.4, vacuum packed) at 5°C for 80 days. Roe with and without 2.8 % 
(w/w) sodium lactate was inoculated with the combinations ofLAB (V6),Listeria 
monocytogenes(057) and Morgan ella morganii (F39-1) shown in table 2. Separate results 
from double determinations (two jars ofroe) are shown. 

3 days 20 days 30 days 38 days 52 days 80 days 

1 2.0 3.0 4.6 4.9 5.5 5.7 

1.5 <3 <4 4.7 <4 5.2 

2 1.5 5.8 4.0 <3 6.4 <4 

1.5 3.8 5.7 4.7 4.7 <4 

3 1.7 <2 <2 <2 <2 <2 

1.9 <2 <2 <2 <2 <2 

4 1.6 <2 3.8 <2 <2 <2 

1.6 <2 2.0 <2 <2 <2 

5 1.7 <3 5.0 5.6 4.7 4.0 

2.1 4.1 5.3 4.5 <4 5.3 

6 2.2 <2 <2 2.0 <2 <2 

2.0 2.3 <2 2.0 <2 2.0 

7 1.8 <2 2.0 <2 3.6 2.0 

1.8 2.0 2.0 <2 <2 <2 

8 2.1 6.2 5.9 5.0 5.7 5.6 

2.1 4.4 5.8 6.4 6.6 5.9 
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Experiment 3 

Materials and methods 

Roeproduets 

Lightly salted lumpfish roe was prepared from normal heavily salted roe by the method 

described in note 4 to obtain a salt concentration of 4.0 % WPS and a pH of 5.4. The roe was 

divided in two portions, one ofwhich were added 2.8 % (w/w) sodium lactate (35 ml/kg of 

Purasal® S/SP 60, 60 % w/w). 

Preparation of inoculum 

Listeria monocytogenes 057 and MorganelIa morganii F39-1 were cultured and diluted as 

desctibed for experiment 2. LAB V6 (see experiment 2) and F44 (see experiment l) were 

cultured, centrifuged and suspended as describedfor V6 in ·experiment 2. Suspensions ofthe 

two LAB strains were mixed before inoculation. 

Experimental design 

Lightly salte d lumpfish roe with and without lactate were packed in glass jars containing 75 

g or 225 g (roe for odour-assessment). The roe was inoculated with LAB V6 + F44, Listeria 

monocytogenes 057 and MorganelIa morgan ii 39-1 in the combinations shown in table 6. 

750~1 ofthe three dilutions/suspension of cultures were used per jar with 75 g, and 2.5 ml 

for the bigger jars. 

Table 6. Combinations ofstrains of Listeria monocytogenes (057), MorganelIa morganii 
. (F39-1) and LAB (V6 +F44) inoculated in lightly salted lumpfish roe with and without 2.8 
% (w/w) sodium lactate. 

Batch V6+F44 057 F39-1 lactate 

l x x 

2 x x x 

3 x x 

4 x 

5 x x 

6 x 

7 

8 x 
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A nalys is 

In all analysis double determinations were performed by analysing two j ars of each 

combination. Counts of Listeria monocytogenes, LAB and Enterobacteriaceae carried out as 

described in the two previous experiments. Total viable counts was determined by spread 

plating on Tryptone Soya Broth agar (TSB, Oxoid a!!Q 1-3 g/l agar). These plates were 

incubated at 10°C for 6 days. The pH wasmeasured using a PHM 82 (Radiometer, 

, Copenhagen, Denmark). 

The odours of stored roe produets was assessed by a panel of9 instructed persons. Non- -­

inoculated roe with or without la:ctate (vacuum packed and stored at +40° C) were used as 

controIs. Off-odours compared to the controls were assessed as none (O), weak (1), 

borderline (2), significant (3) and strong (4). A score above 2 was regarded as rejection of 

the roe. The odours were ftuther characterised by descriptive words chosen by the panellists. 

At the end of storage isolates were taken from TSAIVRB-G agar plates and biochemically 

tested by the methods described in paper 3. 

At the last day of analysis colonies were picked up from TSAIVRB-G agar plates and 

Enterobacteriaceae were presumptively identified by biochemical testing as described in 
paper 3. -------- -______________ c __ _ 

Results 

Development in total viable counts and counts of Enterobacteriaceae, LAB and Listeria 

monocytogenes in the roe during storage at 5°C is shown in table 7 - 10. Results from odour 

assessments are shown in table 11, and development in pH in table 12 .. 

Table 7. Total viable counts (log cfulg) during storage oflightly salted lumpfish roe (4%· . 
WPS, pH 5.4, vacuum packed) at 5°C for 116 days. Definitions ofroe no. 1..; 8 are shown in 
table 6. Separate results from double determinations (two jars ofroe) are shown .. 

18 days 32 days 46 days 61 days 74 days 88 days 95 days 116 days . 

1 7.2 7.1 7.4 7.2 7.3 7.0 7.0 

6.8 7.2 7.5 7.1 7.2 7.0 7.0 

4 4.5 4.0 <3 <3 3.8 <3 <2 

<4 4.1 <3 <3 5.6 3.8 <2 

5 4.0 4.3 4.7 3.8 4.0 4.2 3.8 

4.3 4.0 3.6 4.0 3.5 <3 4.3 

7 5.9 6.3 6.7 6.7 6.4 6.8 6.8 

5.7 7.2 6.5 7.0 7.0 6.8 6.5 

8 6.1 6.7 6.7 6.8 7.6 6.0 6.7 

6.9 6.5 6.5 6.7 7.0 7.3 6.4 
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Table 8. Counts (log cfuJg) ofEnterobacteriaceae during storage of lightly salted lumpfish 
roe (4 % WPS, pH 5.4, vacuum packed) at 5°C for 116 days. Definitions of roe no. 1 - 8 are 
shown in table 6. Separate results from double detenninations (two jars of roe) ate shown. 

18 days 32 days 46 days 61 days 74 days 88 days 95 days 116 days 

1 3.1 4.5 4.1 4.4 4.1 4.0 4.1 
3.5 5.0 3.5 <4 4.2 3.7 4,1 

4 3.1 . 2.3 1.0 <2 <2 <3 <3 

3.2 3.1 <1 2.6 <2 <3 <3 

5 3.1 2.8 2.2 2.7 3.0 <3 <3 

3.5 2.9 1.8 2.8 <3 <3 <3 

7 5.6 6.3 6.2 6.0 4.3 6.5 5.2 
5.7 5.6 4.9 6.6 4.3 4.0 5'.3 

8 6.1 6.5 5.0 6.1 6.3 5.8 6.1 

6.7 5.9 5.0 5.6 6.6 5.7 6.5 

Table 9. Counts (log cfuJg) ofLAB during storage oflightly salted lumpfish roe (4 % WPS, 
pH 5.4, vacuum packed) at 5°C,for 116 days. Definitions ofroe no, 1 - 8 are shown in table. 
6. Separate results from double detenninations (two j ars ofroe) are shown. 

18 days 32 days 46 days 61 days 74 days 88 days 95 days 116 days 

1 7.1 7.1 7.4 7.1 6.8 7.1 6.8 

7.0 7.2 7.2 7.1 6.8 7.0 6.9 

2 6.9 7.1 7.1 7.1 7.0 6.2 6.7 

6.9 7.1 7.0 7.0 6.8 6.8 6.8 

3 <4 <3 <3 2.6 <3 <3 2.3 

<4 <3 <3 3.0 <3 <3 <2 

4 4.6 4.0 <3 <2 3.3 <3 <2 

<4 <3 <3 2.3 5.2 <3 <2 

5· <4 3.6 3.0 3.3 <3 2.6 

<4 3.0 3.6 <3 <3 2.5 

7 5.1 , 7.0 6.0 6.7 6.7 7.0 6.1 

4.7 5.3 6.8 6.6 6.9 6.7 6.5 

8 5.7 5.9 6.4 6.3 7.0 6.9 6.4 

5.7 5.8 6.0 6.7 6.4 6.9 6.9 
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Table 10. Counts (log cfu/g) of Listeria monocytogenes during storage of.lightly salte d 
lumpfish roe (4 % WPS, pH 5.4, vacuum packed) at 5°C for 116 days. Definitions ofroe no. 
l ,.. 8 are shown in table 6. Separate results from double determinations (two jars ofroe) are 
shown. -

-Is C1ays 32 days 46days 61 days·- -74 days 116 days 

2 < 1 2.8 <2 <1 <1 < 1 

< 1 3.6 <2 <1 <1 < 1 

3 <1- <1 <1 <1 <1 <1 

< 1 <1 <1 <1 <1 < 1 

6 <2 5.4 5.4 6.4 <4 <4 

4.1 4.0 5.6 5.8 6.3 4.0 

7 <1 <1 <1 <1 <1 <1 

< 1 <1 <1 <1 <1 -< 1 

Tabie 11. Odour assessment oflightly salted lumpfish roe (4 % WPS,pH 5.4, vacuum . 
pack~d) store d at 5°C for 116 days. Definitions ofroe no. J - 8 are shown in table 6. Results 
from two roe jars are shown, each of which is mean values of assessments by 9 judges. 
Scores: 0= no off-odour, l = weak off-odour, 2 = borderline, 3 = significant off-odour, 4 = 
strong off-odour. A score above 2 is regarded as rejection ofthe roe. 

18 days 32 days 46 days 61 days 74 days 88 days 95 days 116 days 

1 1.1 1.3 1.4 1.1 0.4 0.7 1.5 

1.1 1.3 0.8 1.0 0.8 1.5 1.0 

4 1.0 0.8 0.2 1.3 0.4 0.3 0.4 

0.4 0.9 0.7 0.5 0.4 1.0 0.4 

5 1.6 0.4 0.3 0.6 0.6 0.2 0.6 

0.5 0;6 0.6 '0.6 0.1 0.2 0.3 

7 0.3- 0.8 1.1 0.9 0.9 0.5 0.8 

0.6 1.4 1.2 1.1 0.9 0.2 1.9 

8 0.4 1.1 0.9 1.0 2.5 1) 0.5 2.1 3) 

1.3 1.6 1.2 1.0 3.4 2) 0.5 3.5 4) 

Off-odours causing rejection was described by the words:-l) FaecaI, suIphidy, sour. 2) FaecaI, putrid,suIphidy, 
sour. 3) FaecaI, sour. 4) FaecaI, cabbage-like, sour, oId cheese. 

170 



/ 

Note 6. 

Table 12. Development of pH during storage of lightly saIted lumpfish roe (4 % WPS, pH 
5.4, vacuum packed) at 5°C for 116 days. Definitions ofroe no. 1 - 8 are shown in table 6. 
Separate resuIts from double determinations (two j ars ofroe) are showtt. 

18 days 32 days 46 days 61 days 74 days 88 days 95 days 116 days 

1 5.5 5.5 5.5 5.5 5.5 5.5 5.5 

5.5 5.5 5.5 5.5 5.6 5.5 S.5 

4 5.5 5.5 5.5 5.4 5.5 5.5 5.5 

5.5 5.5 5.5 5.5 5.5 5.5 5.5 

5 5.5 5.5 5.5 5.4 5.5 5.5 5.5 

5.5 5.5 5.5 5.5 5.5 5.5 5.5 

7 5.3 5.3 5.3 5.4 5.5 5.5 5.4 

5.3 5.3 5.3 5.4 5.4 5.3 5.4 

8 5.3 5.3 5.3 5.3 5.3 5.3 5.4 .. 
5.3 5.3 5.3 5.3 5.4 5.3 5.5 

Testing of isolates 

At the end of storage colonies of different appearance (e.g. big, small) were picked up from 

VRB;,.G agar plates (representing 20 - 25 % oftotal counts, highest dilution) from selected 

roes, primarily to confirm growth of MorganelIa morgan ii in batch 8 (inoculated) and not in 

batch 7 (non-inoculated). Isolates were also taken from batch l (with 2.8 % lactate and 

V6+F44) in order to examine the identity ofbacteria ableto grow. The isolates were cuItured 

in TSB and tested by the methods described in note 3. From batch 7 and 8 but not from batch 

l, oxidase positive isolates were also obtained. Oxidase positive isolates have previously 

been isolated from lightly saIted lumpfish roe (5.5 - 6.1 log cfu/g), those belonged to Vibrio 

spp. (paper 2). 
From batch l eight isolates were obtained, all of which were Enterobacteriaceae. 

From batch 7 seven isolates were obtained, one of which were Enterobacteriaceae. 

From batch 8 twelve isolates were obtained, six ofwhich were Enterobacteriaceae. 

ResuIts from biochemical testing of Enterobacteriaceae isolates are shown in table 12. ,. 
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Table 13. Results ofbiochemical testing of 14 Enterobacteriaceae isolates (APl 20E). In 
addition all isolates were negative in arginine dihydrolaseand hydrogensulphide produetion 
from thiosulphate. 

Type of isolatel 1 2 3 4 5 
origin Batch 1 Batch 1 Batch 7 Batch 8 Batch 8 

No.ofisolates 7 1 1 1 5 
ONPG + 1) + +. + 
Lysine decarboxylase + + 
Omithine decarboxylase + + 
Citrate utilisation + + + 
Urease + 
Tryptophane desaminase + 
Indole + 
VP + + 
Gelatinase + 
Mannitol + + + + 
Inositol 
Sorbitol + + + 
Rhamnose + + 
Sucrose + + + + 
Melibiose + + + 
Amygdalin + + + + 
Arabinose + + + + 

l) + : Positive reaction, - : Negative reaction 
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Below the isolated strains are compared to Enterobacteriaceae earlier isolated from lightly 

salted l:umpfish roe in this project (paper 3, note 3): 

Isolates obtained from batch l (roe with 2.8 % lactate and LAB V6 +F44): 

Type l isolates (table 12) were identical to strains of group l (paper 3) presumptive Serratia 

liquefaciens. Type 2 differed from type l only by a negative gelatine reaction, in which 

reaction 33 % of group l Serratia liquefaciens were also negative. 

Isolates obtained from batch 7 (non-spoiled normal roe product): Type 3 isolates (table 13) 

differed from group 2 presumptive Serratia plymuthica (paper 3) by a positive rhamnose 

reaction (all of group 2 negative), and a negative VP reaction (92 % of group 2 positive). 

According to the API20E identification system, another Serratia (jlcaria) is a possibie 

identity. The strain was however not further tested. 

Isolates obtained from batch 8 (spoiled roe inoculated with MorganelIa morganii F39-1) 

The type S isolates (table 13) gave reactions identical to those of group 3 (MorganelIa 

morganii) (pap er 3). The type 4 isolate (table 13) differed in four reactions from strains of. 

group 2 (VP, sorbitol, rhamnose and melibiose), and was by the API20E identification 

system suggested to be Enterobacter agglomerans. The reactions oftype 4 isolate was 

identical to a strain earlier isolated from lightly salted lumpfish roe (note 3). 

Experiment 4 

Materials and methods 

Roe produets 

Lightly salted lumpfish roe with around 4 % WPS was prepared by desalting of heavily 

salted roe using the normal procedure, and pH was lowered to S.4 with lactic acidas 

previously described. Roe without (batch 1) and with l % (w/w) glucose (batch 2 and 3) was 

prepared. The roe with glucose was divided in two portions, one of which was added LAB 

V6 (batch 3) by the procedure described below. The roe was vacuum packed in glass j ars and 

stored at SDC. Roe without extra additions were vacuum packed and frozen to be used as 

references in the odour assessments. The different combinations of additives are shown in 

table 14. 

Inoculum 
LAB V6 was cultured in APT-broth at 21 DC for 2 days. The grown cultures were centrifuged 

at 10.000 rpm for 10 min., and the supematant removed with a pipette. The cells were 
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suspended in the same amount of sterile 4 % saline. Of the suspended culture 10 ml/kg was 

added to the roe. 

Analysis 

::::':::'1'he.analysis,was carried out induplicate~by.examination oftwo roe ja:r:[.Qf:eachofthe 

combinations shown in table l. During storage for 119 days, roe j ars were taken for analysis 

6 times. At each day of analysis the pH of the roe was measured, and odours of the roe was 

assessed by at panel of 4 persons, members of the internal panel at the roe production 

company (ABBA Seafood AB, Kungshamn, Sweden). Odours compared to odours of the 

frozen reference was assessed. If a different odour was detected in the stored roe, the judges 

were instructed to describe this odour in words. 

At the end of storage LAB and Enterobacteriaceae counts were determined by spread plating 

ofappropriate dilutions in peptone saline on NAP ,and TSAlVRB-Gagar respectively,'using 

the methods previously described (paper 2). 

Results 

Normallightly salted roe (batch l) 

Roe of batch l remained unspoiled during 119 days of storage, and pH remained unchanged. 

At the end storage Enterobacteriaceae counts were < 5 log cfu/g, and LAB counts 6A and 6.6 

log cfu/g in the double determinations., 

After the first months ofstorage, gasproduction in an increasing number ofjani ofbatch 2 

and 3 occurred. After 49 days halfthe jars ofthese batches (evenly distributed among batch 

2 and 3) had completely lost their vacuum, and the lits were therefore no longer tightly 

closed. 

Lightly salted roe with l % glucose (batch 2) 

After the first 14 days pH ofthe roe had dropped to 4.6 -4~9,and did not change further. 

Weak off-odours were detected after i4 days, and after 49 days off-odours were detected by 

all judges. The odours were describedas acid, fruit}r/sweet alid slightlyfishy;' 

Lightly salted roe with l % glucose and LAB V6 (batch 3) 

After the first 14 dayspH ofthe roe had droppe d to 4.5 - 4.6, and did not change further. 

Slight off-odours occurred after 14 days, and after 49 days 75 % ofthe judges detected off­

odours described as acid and slightly fruity. 
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Note 7. Effect of sodium lactate or low pH OD' sensory qua lit y of 
Iightly salted lumpfish roe. 

In this note materials and methods and results oftwo sensory evaluations of lightly salted 

lumpfish roe are presented. 

In the first evaluation (experiment 1) the effect of 2 % sodium' lactate on the taste of lightly 

salted lumpfish roe was examined in order to evaluate the suitability of sodium lactate as a 

preservative in lightly salted lumpfish roe. In the second evaluation (experiment 2) the effect 

of low pH on colour, taste and consistency of lightly salted lumpfish roe, in order to evaluate 

the suitability ofllsing low pH « 5.4) as an increased hurdle in Jightly salted lumpfish roe. 

Experiment 1 ' 

Materials and methods' 

Roe produets 

Lightly salted lumpfish roe with a salt concentration of around 4 % WPS and pH 5.4 was 

produced from heavily salted roe using the normal procedure (see for example paper 2 and 

3). The roe was divided in two portions, one ofwhich received no further treatment (A), 

while the other was added 2 % (w/w) sodium lactate (B) and mixed thoroughly several times 

to ensure an even distribution in the roe. 

Taste evaluation 

A and B roe was distributed in plastic cups containing 10 - 15 g and served to 9 judges. The 

judges were part of the intemal taste panel at the caviar production company (ABBA 

Seafood A/S, Thisted, Denmark). 

The evaluation was performed as triangle tests, in which the six different combinations/ 

serving orders ofthree roe samples (two A and one Bor two B and one A) were tasted by all 

judges; who were instructed to point outthe one roe sample, that differed from the other two. 

Three times three samples were served to all judges, and after a break the remaining three 

times three samples were served (the six combinations/ serving orders are shown in table 1) .. 

175 



Note 7. 

Results 

The results of the taste evaluation are shown in table l. 

. --~_ .. 

Table l. Results of taste evaluation in which lightly salted lumpfish roe with and without 2 
% sodium lactate was compared (triangle test). A: Roe without lactate, B: Roe with lactate. 

Judgeno. Combinations/serving order of three samples 

ABB BAA AAB. BBA BAB ABA 
l - - - X - -
2 X - - X - -
3 X - X - X -
4 - - - - X -
5 - - - - - -
6 X - - X X -
7 X - - X - -
8 - X X - -
9 X - X - - X 
Number of 
correct iden- 5 O 3 5 3 l 
tifications. 
Total = 17 

X: Correct identification ofthe one ofthree samples, that were different from the other two served. 
-: The differing sample among three, was not correctly identified. 

Experiment 2. 

Materials and methods 

Roe produets \' 

Lightly salted lumpfishroewitharound 4 % WPS was preparedby desalting"ofheavily " 

salted roe using thenormal procedure. The roe was divided in four portions and the pH 

lowered to 5.4, 5.2, 5.0 and 4.8 in thefour portions respectively by addition oflactic acid 

solution prepared from PURAC®SP 80, 80 % (w/w). 

Sensor y evaluation 

The roe was served in duplicate to 9 judges, members ofthe internal taste panel at the caviar 

production company (ABBA Seafood AB, Kungshamn, Sweden). 
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The roe with pH 5.4 (A) was defined as reference (i.e. nonnallightly salted lumpfish roe), 

and the remaining three roes (B, C and D) were compared to this reference one at a time. 

The judges were instructed to identify differences in odour, taste and texture of roes B - D 
compared to roe A, and then to describe the nature of detected differences. Finally an overall 

assessment ofthe roe as acceptable or rejectable was given by the judges. 

ResuIts 

Table 2. Results of sensory evaluation of lightly salted lumpfish roe added lactic acid to . 
different pH leveis. Bach roe (B - D) was compared in d~plicate to roe with pH 5.4 by 9 
judges. Only detected differences is indicated. 

Colour Taste Consistency % rejection 

B (pH 5.2) more pink (33) mild/less salt (28) watery (11) 11% 

lighter/pal e (28) fishy (6), acid (6) 

C (pH 5.0) more pink (39) acid/acrid (17) soft (11) 17% 

lighter/paie (33) fishy (Il) dry(1l) 

mild/less salt (6) 

D (pH 4.8) more pink (44) acid/acrid (28) . . soft/less crispy (28) 33 % 

lighter/paie· (3 3) mild/less salt (22) sticky (6) 

salt (11) watery (17) 

* Numbers in paranthesis indicates the % of assessments, in which a specific difference was detected. 
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