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FISHING INDUSTRY RESEARCH TRUST ACCOUNT 

FINAL REPORT 

Dependence of commercially important fish on 

krill as a food source in south-east Tasmania. 

This final report on the project describes data on stomach 

contents of major fish predators of the euphausiid Nyctiphanes 

australis. As noted in the report of Dec. 1981 we experienced 

considerable difficulty in obtaining regular supplies of fish despite 

contacting several fishermen and a fish processing company. We also 

placed a letter in FINTAS describing our project and requesting 

information and fish. The response that these efforts produced was 

disappointing. Thus the data presented here represents only a slight 

advance over what was given in the previous report. 

Table 1 summarises the total information obtained by stomach 

contents analysis of fish. We have not included a detailed breakdown of 

composition of diet, only an estimate of the relative importance of 

N. australis. These data allow some tentative conclusions to be drawn.

Krill was apparently a very important dietary component for Katsuwonus 

pelamis, Thyrsites (= Leionura) � and Neoplatycephalus richardsoni 

occurring in 84 to 100% of full stomachs. The krill in the stomach 

represented a high proportion of body weight of T. atun and N. richardsoni 

and less in K. pelamis. Since Magnuson (1969) has recorded a maximum 

stomach content of 8.6% body weight against ours of 4.7% for K. pelamis, 

more intensive sampling may have led to revised figures. Alternatively, 

since the lipid data for K. pelamis (see earlier report) suggests very 



2. 

rapid processing of krill, it may be that the lower average% body weight 

in this species is� function of more rapid transport through the gut. 

A high proportion of A. trutta and T. declivis examined had empty 

stomachs. This may be because many were captured in winter and cease 

to feed at this time. Alternatively it may be related to the method of 

capture and subsequent handling causing evacuation of guts. Where 

krill was present in the stomach it formed a high proportion of body 

in A. trutta (average 3.64%; maximum 15 .45%). 

One consistent feature of these results was the fact that, where 

krill was present it always represented a higher percentage of body 

weight than the total of other dietary items. A possible explanation 

for this may be the habit of krill forming dense swarms. When the fish 

encounters such a swarm it exploits this abundant food to the full. 

Krill at low densities would represent a much less attractive food and 

energetically it would be less profitable for the fish to attempt to 

capture them. 

These data are unfortunately too limited to allow a more detailed 

analysis. In the case of some species, the fish were caught at widely 

separated localities so more definitive conclusions are not justified. 

Further work on the lipids of muttonbird and N. australis have 

been completed, according to the suggestions made by the referees of 

the journal to which the original paper was sent. The revised manuscript 

should be completed within a few weeks and a copy will be forwarded 

in due course. 



Table 1 Stomach contents analysis of major fish predators. 

No. No. % Krill as Other dietary Locality 
examined empty full average items as captured 

stomachs proportion proportion 
with krill body weight body weight 

% 

Species 

Arrieis trutta 243 166 56 3.64 1.89 North,east coasts 
Tasmania and Storm 
Bay 

Katsuwonus pelamis 39 0 97 1.01 0.23 east coast 

Neoelatyceehalus 35 3 84 3.58 2.92 Storm Bay 
richardsoni 

Trachurus declivis 213 111 50 1.29 0.94 Mostly Storm Bay 

Thyrs ites a tun 11 10 100 4.4 0 Storm Bay 



4. 

General conclusions of study. 

1. Size of stock of krill and its production can be calculated with

some degree of confidence. 

2. Major predators of adult krill can be identified though the greatest

mortality, which occurs in the larval stages, is probably due to 

carnivorous zooplankters. 

3. Swarming by krill is of extreme importance in increasing the

attraction of krill as food. Many, if not most,carnivorous fish and 

other animals in the locality exploit krill swarms opportunistically. 

4. Location of a swarm by visual means or echolocation should lead to

the location of accompanying fish exploiting the swarm for food. 

5. There is as yet no known method of predicting the appearance of

swarms though they are seen more frequently at some times of year 

than others. 

6. It would appear from the data so far collected that commercial

exploitation of krill is neither economically feasible nor biologically 

sensible. An organism low in the food chain and of key importance in 

coastal food webs could not be harvested in large quantities without 

causing major and possibly disastrous repercussions at other trophic 

levels. Blackburn (1957) predicted a direct correlation between krill 

abundance and commercial catches of barracouta. A similar relation-

ship, perhaps less direct, is likely to exist for other commercially 

important species. 
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ENGINEERING 

Fishing and handling practices are often the result of evolution 
rather than planning and thus the types of boat and the chilling 
systems aboard vary considerably. The employment of an engineer on 
the grant was envisaged as a method of training personnel in the 
rational design of chilling systems for vessels and also for shore 
based installations. The engineer (S.J, Sykes) has been assisted in 
his training by visits of two overseas engineers specialising in the 
practical and theoretical aspects of chilling. Mr. J. Graham, Head 
of the Engineering Section of Torry Research Station, visited the 
Tasmanian Food Research Unit from January to April, 1982. Graham 
and Sykes surveyed Tasmanian and Victorian fishing boats and also 
freezing and frozen storage facilities, Their findings have been 
published in Australian Fisheries (Appendices 1 and 2). 

Professor R.L. Earle was the second visitor arranged and he spent 
two weeks at the Tasmanian Food Research Unit with Sykes in January, 
1983. As a result of Earle's visit, Sykes was familiarised with the 
methods of determining freezing times for a variety of products 
using a modified version of Planck 's equation (Cleland and Earle 
1982), The accuracy of this method depends on the estimation of the 
number of equivalent heat transfer dimensions, EHTD, which takes 
account of the geometry of the product to be frozen. In the case of 
a regularly-shaped product, such as a 10 kg carton of scallops, the 
value of EHTD can be easily calculated (Fig. 1). This example was 
worked out as the direct result of an industrial request. 

The surveys by Graham and Sykes showed a lack of understanding of 
the principles of heat transfe·r on the part of some fishermen and 
refrigeration contractors. It would seem that independent 
engineering surveys of the chilling systems both aboard fishing 
vessels and in land based installations are to be recommended, 
Advice is now freely available from the TFRU before installations 
are built. It should be noted that a survey of installations in 
Adelaide and Port Lincoln in July 1983 indicated a more developed 
industry. 

In their land based surveys of Victoria and Tasmania, Graham and 
Sykes found deficiencies in certain key areas of design and 
operation. Freezing and storage of frozen products in the same 
chamber and poor distribution of cold air over the material to be 
frozen were common problems. 

The fans used in many air-blast freezers were found to be 
unsuitable. A fan operating in a properly ducted freezing tunnel 
should be able to maintain the required air flow against a 
substantial pressure drop. This pressure drop is caused by friction 
between the air and the surfaces over which it is passing, and is 
approximately proportional to the square of the air speed over the 
surface. If the required air speed is to be maintained, the fan 
must be capable of operating against the consequent pressure drop. 
Fans of this type usually have blades with aerofoil sections. Many 
of the fans observed were capable of delivering an adequate air flow 



only when discharging into free air. This type of fan is suitable 
for use in cold stores but not in freezers. 

The survey revealed that some designers and operators lack knowledge 
in estimating the product heat load and in how that heat is to be 
transferred from the product to the secondary refrigerant which is, 
in most cases, air. Graham and Sykes recommend that a good design 
of freezer is more likely to result if a single contractor were 
responsible for the whole layout and subcontracted for the elements 
he could not supply himself. 

Dissemination of knowledge is obviously required through such bodies 
as the Australian Maritime College and the National and Victorian 
Mobile Training Units. A set of suitable course notes will be 
prepared at the commencement of the next grant. 

VACUUM PACKAGING OF FISH WITH AND WITHOUT POTASSIUM SORBATE 

There is considerable interest being shown throughout the world in 
achieving extension of shelf life of packaged fish for the 
supermarket and retail trade. The ability of a package system to 
extend shelf life is as much dependent on the temperature of storage 
as on providing an environment in the package to retard spoilage. 
Temperatures of O�C to 1 cc are recommended in the cold chain 
(Regenstein and Regenstein 1981, Anon. 1982) but few operations put 
this recommendation into practice and all the present 
experimentation has been done at 4

c

c.

Many workers have examined vac·uum and modified atmosphere packaging 
of fish but there are many variables to consider. Rather than adopt 
an ad hoe approach, those factors which allow successful packaging 
of meats were first reviewed. The shelf life of meat can be 
successfully extended by vacuum packaging because the respiring 
tissue uses the available oxygen replacing it with co2 (which has a
strong inhibitory effect on spoilage organisms); the post mortem pH 
drops below 6, a pH below which Al,ter>omonas putr>efaciens, a major 
spoilage organism, does not grow; and LactobaciUi, which are 
initially only present in low concentrations, grow to dominate the 
flora and actively inhibit other organisms as well as maintaining 
the low pH (Husband 1982). Initial attempts to lower fish pH by 
dipping it in citrate buffers were not successful. When the dip pH 
was low enough to affect a permanent flesh pH change, the result was 
precipitation of sarcoplasmic proteins to give an unsightly, 
unacceptable product (McMeekin, Hulse and Bremner 1982 : Appendix 
3). Addition of glucose as a source of fermentable carbohydrate to 
encourage Lactobacil,7,i was not successful either since sweet, sickly 
odours were produced in the packs (McMeekin, Hulse and Bremner 
1982). Scallop meat was therefore chosen as a suitable material 
which because of a higher glycogen content than fish was likely to 
provide conditions of low post mortem pH and fermentable 
carbohydrate; and scallops with and without the addition of 
LactobaciUi were vacuum packaged. It was found that Vibr'io spp. 
which formed a high proportion (near 100%) of the initial flora 



before packaging could proliferate under these conditions and cause 
spoilage just as rapidly as in aerobically packaged scallops. 
Neither did the LactobaciUi exert any inhibitory effect on the 
Vibriios (Bremner and Statham 19.83a Appendix 4). It seems from 
these experiments that it is unlikely that conditions can be 
established in packaged fish that will lead to extension of shelf 
life analagous to the situation with meat and that other factors are 
required. 

One such factor is the use of additives to inhibit spoilage and the 
most promising safe additive appears to be potassium sorbate. This 
substance has an LD5O 

similar to sodium chloride and there are no
suspicions of chronic toxicity, mutagenic or teratogenic problems 
since it is a salt of a fatty acid. Its use at 0.1% in conjunction 
with vacuum packaging resulted in a short extension of storage life 
of blue grenadier fillets (Statham and Bremner 1983 : Appendix 5). 

Again sorbate is more active at a lower pH than that normally found 
in fish and striking results have been obtained using 0.1% K-sorbate 

on vacuum packaged scallops to give a product stable for one month 
at 4 vc (Bremner and Statham 1983b : Appendix 6). This is seen as 
opening up potential export and domestic markets for chilled rather 
than frozen scallops but sorbate has yet to be approved as an 
additive for fish although its use in other foods is widespread. 

With the exception of one small initial experiment on Queensland 
bream, a study of modified atmosphere storage has been reserved for 
the next grant. The vacuum packaging results are summarised in 
Table 1. 

CHILLING OF FISH IN REFRIGERATED SEA WATER 

It was thought initially that the mobile RSW unit available at the 

Tasmanian Food Research Unit would be invaluable in comparing the 
relative merits of ice and RSW. The recent trend towards quality 
assurance rather than quality control ( Gorga and Ronsi valli 1983) 
contraindicates holding of fish for more than two days at. sea. 
Traditionally in comparative experiments fish have been held for two 
weeks and more. When land based experiments are carried out the 
fish are often two days dead and have already been held in ice or 
RSW. These early days are the key to quality and can obviously only 
be studied by extensive sea-going. The exchange of salt and water 
are poorly understood (Rankin and Davenport 1981; Tomlinson and 
Geiger 1965), but in the living state, sodium is continuously pumped 
out of fish tissues by a Na+-K+ ATPase. This enzyme maintains its
function after death so long as energy is available. The amount of 
energy is determined by the amount of struggling which fish have 
undergone in the trawl. The rapid changes in net handling and 
design as a result of flume tank experiments means that each catch 
must be considered on its own merit. However, our experiences with 
the mobile unit and two experiments with morwong and anchovy are 
worth reporting as useful lessons were learned. More definite 
results were obtained aboard the FRV 'Kapala' on techniques for 



handling gemfish. However, on a research vessel, commercial catches 
are not taken and the ratios of RSW to fish are unrealistic. 

The mobile land-based RSW unit: - The mobile unit which can be run 
off a domestic power supply has been described by Thrower and 
Stafford (1981). It uses a commercially available vertical plate 
chiller as a heat exchanger. This was chosen at the time for the 
following reasons: 1. superior heat transfer performance; 2. flow 
rates and hence cooling rates can be easily varied for experimental 
purposes; 3. during the period in which the unit was being 
designed, plate chillers of this type were being produced for use in 
shipboard RSW systems (Merryful 1978) and an objective assessment of 
their performance was considered desirable. 

C 

The equipment is capable of chilling 1,000 litres of water from 16 C 
to -1. 5 "c in 5 h and has a separate tank for iced storage of fish. 
After two preliminary experiments rapid corrosion of the stainless 
steel prevented further work for several months. This was caused by 
the presence of panels made of material other than the specified 
type 316 stainless steel. Sykes (1982 Appendix 7) has drawn 
attention to the reagent DAMAC DL-12 marketed in Australia by 
Selby's Scientific Ltd., for checking all stainless steel components 
for the correct molybdenum content. While this reagent and its 
applications are well known to large engineering firms, managers and 
foremen of small companies may not be aware of them. 

Operational problems with the system and their commercial implications 

Pepfomance of the plate chill�P: The seawater is distributed over 
the plate surfaces by plastic runnels which are quickly blocked with 
scum from the stored fish causing reduced and uneven flow over the 
plate surfaces. This causes ice to form in localised areas where 
the flow has been reduced. As a layer of ice forms, the surface it 
covers is effectively prevented from contributing to the heat 
transfer thereby reducing the efficiency of the chiller. Problems 
associated with poor distribution of seawater in the land-based unit 
are likely to be considerably exacerbated in shipboard installations 
where the motion of the vessel will further disturb the flow pattern 
across the plate surfaces. A chiller of this type installed on a 
commercial fishing vessel was found to be unsatisfactory for this 
reason. The unit was replaced with coils attached to the walls of 
the tank, but a shell-and-tube chiller would have been preferable. 
The shell and tube chiller described by Roach, Harrison and Tarr 
(1961), still appears to offer the best combination of performance, 
simplicity and ease of cleaning. 

Cleanliness of seawateP: Seawater taken from the Derwent Estuary or 
adjacent bays with a large tidal demand has confirmed earlier 
observations of Brown and McMeekin (1977) that these waters and muds 
are heavily contaminated with VibPio, Pseudomonas and Alter>omonas 
putPefaciens which are often dominant in the later stages of fish 
spoilage. Lee and Kolbe (1982) found that the microbial counts and 
composition of the microbial populations were quite different in 
four different RSW systems for shrimp and noted that the quality of 



the RSW would ultimately determine the quality of the RSW-held 
shrimp. CODEX Alimentarius Commission (1976) recommends that tanks, 
pumps and heat exchangers should be cleaned immediately after 
discharge of the catch with potable water or clean sea water to 
prevent deposition and drying of debris. Bacterial counts may be 
high in harbours or estuaries and Hewitt, Kelman and McDonald ( 1978) 
have pointed out tha.t tanks on RSW/CSW boats must also be cleaned on 
the way to the fishing grounds, where the supply of clean water is 
not limiting. 

Design of RSW units: The mobile RSW Unit is fitted with horizontal 
sparge pipes for deli very of chilled water and gases. These had 
dead ends, which made cleaning difficult. The unit is routinely 
cleaned with a general purpose detergent, washed with fresh water 
and sanitised with a colillllercial chlorine based sanitiser. Despite 
this, clean ocean water (with a bacterial load near 40 c.f.u./mL) 
when circulated at -0.5

°

C in the mobile unit for 24 h showed a 
bacterial load of pseudomonads of 1.0 x 10 c,f.u./mL. Lee and 
Kolbe (1982) pointed out that inadequately cleaned surfaces in fish 
holds, debris in pipes, and wooden pound boards contributed to the 
problem of contamination of the fish by the circulating RSW itself 
even after a good cleaning regime. They recommend a greater 
emphasis on construction materials, a piping system having a minimum 
of dead-ends and the installation of a cleaning loop. Drilling 
holes through the dead-ends of the sparge pipes in the TFRU unit 
reduced the subsequent contamination of seawater five fold. Our own 
experiences indicate that an investigation of the sanitation of RSW 
tanks on fishing boats might be worthwhile, 

RSW and icing systems cannot be compared experimentally unless both 
ice and RSW and its environs are equally clean, and the systems are 
used in their most effective manner. 

Expe-Piments with mor'1.t)ong and anchovy: Whole jackass morwong 
appeared to have an excellent storage life in RSW. The large scales 
on the fish remained adherent and there is no problem with blocking 
of the RSW pumping systems by fish scales or froth and slime. The 
fish were frozen for subsequent taste testing. The trained panel 
did not distinguish between the fish held for 7 days and 22 days and 
trimethylamine values were remarkably low, With the southern 
anchovy, on the other hand, the RSW foamed excessively. Large 
quantities of scum were formed from oil and feed released from the 
fish, which had been feeding on the local crustacean Nyctiphanes
aust-Palis. This foaming problem is well known in Scandinavian 
waters. The sardine (Clupea spPattus) feeds on highly indigestible 
plankton and the intestines of the fish secrete large quantities of 
potent enzymes which autolyse the stomach walls giving rise to the 
condition known as belly burst. If the fish are "feedy" they are 
left alive in the net for 3 days to evacuate the gut (Stenstrom 
1965). Roach, Harrison and Tarr (1961) favoured RSW rather than ice 
for sardines, to obtain lower temperatures, to avoid crushing and to 
reduce labour. The Tasmanian anchovy suffered from the crushing and 
spillage of gut contents caused by being packed in ice for transport 
to the RSW Unit at the TFRU. However, storage in RSW would appear 



to present other problems. The fish held in RSW for 75 h passed 

through rigor mortis more rapidly than those fish which were 
subsequently re-iced and had higher hypoxanthine values (despite the 

lower temperature -l.3
°

C to -l.5
°

C). Smith et al. (1980) have noted 
in experiments with herring that "on the whole the rate of 
development of hypoxanthine was lower in the iced storage 
experiments than the RSW". 

Salt and uXLter> exchange in RSW: Our work with water and subsequent 

gains together with salt uptake of fish held in RSW are too complex 
to be described here but are to be found in Tasmanian Regional 
Laboratory Occasional Paper No. 8. The response of tasters to salt 

in fish muscle has been published (Appendix 8). 

On board experiments with gemfish 

Collaboration with scientists aboard the New South Wales FRV 

'Kapala' enabled the study of on-board handling of gemfish 
(Appendices 9 & 10). The conclusions on the initial cold-storage 
properties of the species after five different on-board handling 
treatments are contained in Appendix 9. The final paper on the 
results of a full years cold storage are yet to be prepared, but the 
overall conclusions are listed in Table 2. 

TABLE 2: Quality of friozen gemfish after> differient on-boam handling

pr>oceduries. 

Pr>ompt chilling on-boarid. is the key to maintaining gemfish 
quality. 

Gutting of gemfish beforie frieezing is essential if chilling of 
the fish has been delayed or> ineffective. 

Many of the deteriioriative changes ar>e not obvious by visual 
inspection of whole fish or> fillets. 

Gutting priior> to chiUing in RSW for> 24h marikedly enhance the 
salt uptake of fillets but not to an undesiriable Level. 

Salt concentr>ations between 3-5g/kg in fillets does not appear> 
to induce incrieased r>ancidity duriing cold storiage at -18 °C for> 
one year>. 

Mar>ked textur>al differiences between tr>eatments werie evident in 
friozen gemfish after> six weeks cold stor>age at -18 °C. 

Gemfish Left at ambient temper>aturies for> 24h and friozen 
ungutted show a decriease in fibrie striuctur>e as well as driyness, 
fir>mness and toughness. 

Fr>ozen, and subsequent chilled storiage m::xgnifies damage caused 
by poor> on-boam handling. 



CHEMICAL, PHYSICAL AND SENSORY EVALUATION OF FISH 

When any process or treatment is tested, the fish must be evaluated 

by objective or subjective methods. We have had considerable 

success with sensory evaluation of fish and shellfish and some of 

the methods are described in the Appendices. Further details are 

available in Tasmanian Food Research Unit Occasional Paper No. 9. 

The traditional and newer chemical and physical tests have been less 

successful in our hands but again detailed information may be 
obtained from the Occasional Paper. 

The gist of this report 

Melbourne, May 1983 and 

made. 

was 

the 

given at the 16th AIFST Convention, 

following general observations were 

SOME OVERALL CONCLUSIONS 

* 

* 

* 

* 

* 

* 

Independent engineering surveys of the chilling systems both aboard 

fishing vessels and in land based installations are to be 

recommended and the information should be incorporated into training 

courses. 

Salt uptake in RSW is often slower than indicated in the literature 

as pre-rigor fish do not take up salt rapidly. Salt uptake is 

inversely related to fat content, but is enhanced by gutting and 

exposure of skinless surfaces. 

Shore based experimental RSW units have some disadvantages but could 

enable trials of equipment such as heat exchangers before placement 

on commercial fishing vessels. The importance of cleaning routines 

was established and surveys of bacterial loads in commercial vessels 

using RSW could be of value. 

Studies of chilling of fish in RSW, CSW, or ice should be done on 

commercial fishing vessels with personnel employed specifically to 

work at sea. 

Vacuum packaging of fish to extend shelf life would appear to offer 

few advantages unless the addition of sorbate to low pH species is 

considered. Scallops which fulfilled these requirements showed 

marked extension of shelf life which could have valuable commercial 

implications. 

Assessment of the quality of fish after storage in ice, RSW, 

freezing or vacuum packaging requires a level of expertise not 

readily available to to only a small part of the fishing industry. 

Temperature control could easily be monitored and would provide a 

firm base from which quality assurance programmes could be started. 
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* 

Table 1. Description and results for packaged fish held at 4
°C. 

Expt. 

No. 

2 

3 

4 

5 

6 

7 

Material 

Morwong 

Morwong 

Scallop 

Scallop 

Blue grenadier 

Scallop 

Month 

caught 

April 

May 

July 

November 

November 

August 

Bream, Queensland September 

Treatments 

Vac.packed polythene* 

Vac.packed barrier bag* 

Vac.packed E. bag* 

Vac.packed polythene 

Vac.packed barrier bag 

Vac.packed E. bag 

Aerobic packed polythene 

Vac.packed 

Vac.packed + L.plantarwn

Aerobic packed polythene 

Vac. packed 

Vac.packed + sorbatet 

Aerobic packed polythene 

Vac. packed 
Vac.packed + sorbate 

Aerobic packed polythene 

Aerobic + sorbate 

Vac. packed+ sorbate 

Vac. packed 

100% Co
2 

Initial gas analysis: 

Initial 

pH 

6.55 

6.12 

6.14 

6.41 

6.61 

6.52 

6.62 

7.06 

7 .07 

7.14 

6.23 

6.56 

6.23 

6.70 
6. 71 

6.69 

6.75 

6.30 

6.30 

COz 97%; Oz 0.18%; Nz 0.83% 

Oxygen transmission rates 25
° C, 757. R.H. (mL.m-2.24h-1.atm-1) 

Polythene > 2400
E. bag ,--.., 2400 
¥arrier bag ~ 45 

lg/kg K-sorbate (w/w) 

± low pH due to lactic acid production by lactobacilli. 
1 Lactobacilli formed visible colonies on scallops after 21 days. 

Minimum 

pH 

6.55 

6.12 

6.14 

6.36 

6.15 

6.47 

6.60 

s.52± 

5.39
± 

5.99 

5.90 

6.00 

5.90 

6.70 
6.65 

6.69 

6.75 

5. 18 

6. 30

6.28 

Initial bacterial count 

(c.f.u./cm2 or c.f.u./g 

and dominant genus) 

3.0xl03 

5.lxl05 

5•4x105 
Alteromonas

5.2x105 

4.2x105 

2.8xl05 

6.3xl04 

3.2xl05 

3. 7xl04 

l.5xl04 

6.5x104 

Vibrio 

Vibrio 

l.6x103 Moraxella/
2.3x103 Moraxella/

Pseudomonas 
5.0xl03 Pseudomonas/

Nor>a.Xella 
l. lxl03 Noraxella/

Pseudomonas 

2.4xl04 Vibrio 

Maximum bacterial count 

(c.f.u./cm2 or c.f.u./g 

and dominant genus) 

3. 4xl08 

6.3xl07 

4.2xl08 

Titre to 

unacceptability 

(days) 

7 

7 

7 

l. lxl09 

4.0xl08 

7 .9x108 

l.2xl09 

A lteromonas 

7 

7 

4 

4 

3.4x108 lactobacilli 
3.2x107 Vibrio
2.4x108 lactobacilli 
4.0x107 Vibrio
5.7x108 Alteromonas

7 .8x106 Vibrio 

l.9x105 Pseudomonas

4.5x!07 Vibrio 

2. lxl08 Vibrio
l.lxl07 Pseudomonas

l.4xl09 Moraxella

l.4x108 Pseudomonas

l.3x107 Vibrio/Aeromonas

5.7xl08 lactobacilli 

7 

7 

7 

6 

48 

6 

11 
,14 

7 

7 

28 

5.3xl03 Micrococcus 

4.4xl07 Alteromonas

l.9x!07 Vibrio/Aeromonas

& Al teromonas

8 

12 
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Relationship between freezing time and air speed for 25nun thick 

scallop packs. 

Air temperature 

- 25
°

C

-30
°

C
-35

°

C�---- -40
°

C

2.0 3.0 4.0 5.0 

Air speed over pro_quct (msec - 9)
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R in @ eir1 erated sea water 

11se in Australia its 

THE chi l l ing  o f  fish in  
refrigerated sea water (RS\V) i s  an 
alternative to using ice, but only 
under special circumstances docs 
it have a clear advantage. 

The main benefit in using RS\V 
is that less effort is needed to 
handle the fish on board fishing 
vessels. Other advantages arc that: 

• there is less chance of the fish
being crushed or losing weight
during storage;

• a slightly lower temperature of
about - l °C is achieved
without partially freezing the
fish; and

• washing and bleeding of gutted
fish is more effective.

The results achieved depend on 
the species. With some species 
RS\V has an advantage over ice 
for only two or three days but 
thereafter the fish spoil more 
quickly. Other species arc 
reported to keep better in ice, even 
during the first few days. Storage 
limits arc also curtailed in some 
cases due to the take up of ex
cessive amounts of water and salt. 
Salt uptake accelerates rapidly 
after the fish have passed through 
rigor mortis. 

These limitations prevent the 
wider use of RS\V storage and it is 
therefore mainly confined to the 
short-term storage of particular 
species that arc caught in large 
quantities within a short time. 
This avoids delays at ambient 
temperature that would result 
when sorting and icing a large 
catch. 

Many of the situations where 
RSW is used on board Australian 
fishing vessels are better suited to 
the use of ice for chilling and some 
of the practices that have evolved 
do not fully achieve the benefits 
possible from RSW storage. 

A11s1ra/ia11 Fisheries, December, 1982 

by .J. Graham and S. ,J. Sykes 

John Graham is Head of the 
Engineering Section at Torry 
Research Station, Aberdeen, and 
Stephen Sykes is an experimental 
officer in CSIRO's Tasmanian 
Food Research Unit. John 
Graham recently spent three 
months with the Food Research 
Unit. He and Stephen Sykes look
ed at the chilling systems aboard 
some Victorian and Tasmanian 
fishing vessels and their obsena
tions on current practices in the 
use of refrigerated sea water may 
provide food for thought for 
those operating or installing such 
systems. 

Current practice 

The following comments and 
observations on Australian RS\V 
practice are not based on a full 
survey but what was seen is con
sidered to be representative of cur
rent practice. 

I. With few exceptions, agita
tion or circulation of the water is 
not used to achieve effective cool
ing and avoid temperature 
stratification. Cooling rates 
therefore will be slow and storage 
conditions variable. 

2. Catches are usually small
compared with the holding capac
ity of the tanks and, to avoid dif
ficulties during unloading, the fish 
are contained in net bags before 
being lowered into the water. Cir
culation of water within the nets 
will be poor and cooling times 
therefore will be longer. Also 
small quantities of fish contained 
in relatively large quantities of 
water increase the chance of an 
unacceptable uptake of salt since 
the salt availability is relatively 
greater. 

3. When storage times are
long (exceeding three to four 
days), it is often the practice to 
change the sea water, and in many 
cases this need may only have 
arisen when optimum storage 
times have been exceeded. This 
will improve the appearance of the 
fish and reduce the bacterial load 
in the water, but it also results in a 
fresh supply of salt at a time when 
fish are more susceptible to salt 
uptake, which may result in un
acceptable levels. 

4. In many installations the
RSW is cooled by banks of cool
ing coils within the storage tanks. 
Fish in contact with the coils 
therefore may be partially frozen, 
especially if there is no circulation 
or agitation of the water. This 
partial freezing adversely affects 
the quality of the fish and also 
makes unloading difficult. Exter
nal cooling by means of a heat ex
changer and circulating of the 
water by pumping avoids this 
problem. 

5. When internal cooling coils
arc used, it is frequently the prac
tice to deliberately allow ice to 
build up on the coils to provide a 
buffer against breakdown of the 
refrigeration plant and, mistaken
ly, to increase cooling rates when 
fish are added. 

However the ice frozen out will 
be almost pure freshwater ice and 
the remaining unfrozen water 
therefore has a higher salt con
tent. This will increase the rate of 
salt uptake and may result in an 
unacceptable level in the fish. 

Also the higher salt concentra
tion allows the water to be cooled 
to a lower temperature without 
freezing and when this happens 
slow, partial freezing of the fish 
will follow. 

6. Brine spray systems are us-



Wing tank Wing tank 

Centre tank 

► 

Lavout of a typical three-tank RSW system. Note that use of a four-way valve allows circulation of seawater through any 
or all of the tanks, and from top to bottom (as shown) or vice versa. (Reproduced from Roach, Harrison and Tarr, 1961, 

with permission of Govt. of Canada, Department of Fisheries and Oceans.) 

ed in some vessels but, unlike 
systems which use total immer
sion, they do not provide two of 
the advantages associated with the 
use of RSW. The fish are loaded 
into boxes and stacked in the hold 
where they are sprayed with the 
water. Under these circumstances 
cooling rates will be much slower 
and more uneven than they would 
be by total immersion. Also the 
potential for crushing the fish by 
overfilling the boxes still exists. 

An added disadvantage of 
spraying is the occurrence of 
frothing, which results in an un
attractive scum on the surface of 
the fish. This can be washed off at 
the time of unloading but unless 
clean chilled water is used, 
washing may have a further 
detrimental effect on quality. 

7. Only one and two-tank
systems are used, whereas a three
tank system is easier to operate. A 
three-tank system (Fig. I) allows 
the centre tank to be filled and 
pre-cooled, and the water is then 
used in both wing tanks as re
quired. This three-tank system has 
the following advantages: 

• the minimum quantity of water
is pre-cooled for full storage;

• the ship's stability can be more
easily maintained at all times;
and

• water can be added to the fish
in the tanks and not vice versa,
and this makes it easier to
achieve maximum fish holding
capacity.

8. Most systems are operated
without temperature control other 
than by natural starting and stop
ping of the refrigeration com
pressor. This type of control is in
adequate. Also there is a danger 
of excessive cooling resulting in 
ice and fish being frozen to the 
cooling coils, fish being partially 
frozen in the ice tank and a high 
concentration of salt being 
present. 

Quality of fish 

Opinions expressed about the 
quality of fish chilled in RSW are 
confusing and often contradic
tory, with widely held views that it 
is both good and indifferent. 

In some cases the fish chilled in 
RSW (however badly the chilling 
is done) are compared with un
chilled fish and invariably the 
former are favoured. 

In other cases no account is 
taken of the storage time and 
when this is excessive, RSW 
storage is criticised, often because 
of a high water or salt uptake. At 
other times a favourable judge-

ment made immediately after 
removal from the RSW is dif
ferent from one made some time 
later due to changes in quality 
resulting from drip loss from fish 
that may have taken up an ex
cessive amount of water during a 
long storage period. 

Conclusion 
It would seem that in

discriminate use of RSW and, 
possibly, the lack of detail about 
the requirements for operation 
under Australian conditions have 
resulted in an uncertain overall 
view about the benefits of RSW 
and there is therefore a need for a 
rational program of research and 
development to resolve this situa
tion. 

Suggested reading 

1. Anon., 1975, Ice in Fisheries, FAO
Fisheries Report No. 59, Rev. I.

2. J. H. Kelman, 1977, Stowage of 

Fish in Chilled Sea Water, Torry

Advisory Note No. 73.

3. S. W. Roach, J. S. M. Harrison,
H. L. A. Tarr, 1961, Storage and

Transport of Fish in Refrigerated 

Sea Water, Fisheries Research

Board of Canada, Bulletin No.

126. 8

Reprinted from Australian Fisheries 

Vol 41 No. 12 December 1982. 

Australian Fisheries Reprint No. 100 

Australian Fisheries, December, 1982 
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£0:r imnrovement in fish 
J;j, 

:fre procedures 
AIR blast freezers are widely used 
in the fishing industry because 
they are versatile and allow pro
ducts of varied shapes and sizes to 
be frozen. They are built to suit 
individual requirements and are 
seldom supplied from a standard 
range of units. This versatility and 
variety, however, all too often 
result in poor designs and misuse 
in operation. 

The state of air blast freezing of 

fish in Australia leaves con
siderable scope for improvement 
and this article reviews current 
practice and suggests some 
changes that will result in better 
freezer designs and improved 
freezing standards. 

Current designs 

One type of air blast freezer 
that is still constructed in 
Australia, but is considered ob
solete in other countries, is the 
'sharp freezer'. This consists of an 
elongated room with a central 
passageway; the produce is loaded 
on shelves formed by the cooling 
coils on each side. In some 
freezers, fans in the passageway 
assist air circulation. 

In this type of freezer loading 
and unloading times are long, and 
often take up the entire working 
day, leaving freezing to be com
pleted overnight. Also, heat 
transfer is poor since there is little 
contact between the product and 
the pipes, and air circulation is in
adequate. Freezing times are 
therefore long and, depending on 
the product, freezing may not be 
accomplished within the 24-hour 
cycle normally operated. 

Another type of freezer widely 
used has the same basic layout as 
the sharp freezer but the cooling 
coils are replaced by racks of 
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by J. Graham and S. J. Sykes 

John Graham is head of the 
Engineering Section at Torry 
Research Station, Aberdeen. He 
recently spent three months at the 
CSIRO Div i sion of Food 
Research's Tasmanian Food 
Research Unit in Hobart and, 
together with Stephen Sykes, an 
experimental officer with the Divi
sion, looked at freezers and cold 
stores used in the Victorian and 
Tasmanian fishing industries. This 
article presents their main conclu
sions. (See also Australian

Fisheries, December: 'Refrigerat
ed sea water - its use in 
Australia.'.) 

shelves, and refrigeration is 
achieved by means of a unit cooler 
at the far end of the passageway. 

This type of freezer is less effec
tive than the sharp freezer because 
there is no heat transfer by contact 
with the cooling coils and, again, 
no attempt is made to duct the air 
over the surface of the product. 

Few tests have been made of 
current freezer performance but 
one test of the second type of 
freezer described showed that for 
60-mm-deep cartons of trout,
freezing was not completed after a
period of 20 hours (Fig. !).

Some recently built freezers 
have some of the elements of good 
design but significant omissions in 
the ducting of the air will result in 
long and variable freezing times 
(Fig. 2). 

Air takes the path of least 
resistance. Therefore much of the 
air is recirculated at the cooler or 
bypasses the produce. This type of 
freezer can, with little added cost, 

be modified to give better freezing 
performance. 

Product dimensions, 
packaging 

A number of requirements dic
tate the choice of dimensions and 
type of packaging used to prepare 
fish before freezing. The one that 
should be given highest priority is 
the need to freeze the product in a 
given time to meet requirements 
set out in freezing standards and 
regulations. In this respect, some 
current Australian practice makes 
it difficult to achieve this aim even 
in a well-designed freezer. 

To give an example, one 
popular package has 10 kg of fish 
in plastic bags within a corrugated 
cardboard carton. The carton is 
520 mm x 320 mm x 60 mm deep. 
Some freezing times for this pro
duct are given in the following 
table and these clearly show that 
the depth of package and the type 
of packaging result in long freez
ing times under poor heat-transfer 
conditions. When the lid is left 
off, the freezing time is reduced 
by about 25 per cent, but to 
achieve freezing times of less than 
10 hours (as has been specified in 
Department of Primary Industry 
export regulations) freezer 
operating conditions would need 
to be improved greatly. 

Requirements of air blast 
freezers 

A n  essential requirement, 
absent in most air blast freezers, is 
a high air velocity over the surface 
of produce in all parts of the 
freezer. In some badly-designed 
freezers air velocity over some of 
the produce is little better than 
that resulting from natural con

vection. As can be seen in the 

Australian Fisheries, January, 1983 



Temperature ( °C) at centre of 60 mm-thick pack 

2 4 6 8 10 12 14 16 

Elapsed time (hrs/ 

Figure 1. Example of slow freezing in an un-ducted room freezer. 
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Figure 2. Poor air circulation in a freezer due to absence of ducting. 

Freezing time of 60 mm-deep corrugated cardboard cartons of fish 

Air temperature 
( °C) 

35 

35 

15 
15 

Air velocity 
(mls) 

5 
Natural convection 

5 
Natural convection 

*Fish reduced to - 12 °C at centre or pack 

Australian Fisheries, January, 1983 

Freezing time• 
(hours) 

8 
45 

6 
33 

Remarks 

Lid off 
Lid off 

table, if this is combined with high 
air temperature freezing times can 

be extremely long. 
A compromise has to be made 

between air velocity and high fan 
power (Fig. 3), and experience has 
shown that in a batch air blast 
freezer a design air velocity of five 
metres a second is suitable. 

To achieve uniform air velocity 
the freezer should be designed in 
the form of a tunnel and ducted to 
ensure there is no bypassing or 
short circuiting of air (Fig. 4). 
Uniform air distribution also 
means that produce should be 
loaded so that it is distributed
across the working section of the 
freezer, especially when partial 
loads are frozen. 

Care should be taken to leave 
acceptable spacing between the 
shelves and produce: too much 
causes short-circuiting of the air, 
while too little reduces the air 
flow; both result in long freezing 
times. 

There is no hard and fast rule 
for shelf spacing but, as a guide, a 
spacing equal to two-thirds of the 
thickness of the product, up to a 
maximum of 50 mm, is adequate 
and the same spacing is also ap
propriate between the walls and 
roof of the tunnel and the pallets 
or trolleys of fish. 

Another essential loading prac
tice that does not seem to be wide
ly observed is that warm, newly
loaded fish should never be placed 
upstream of partially-frozen fish. 
Air flow and loading arrange
ments should therefore ensure 
that when freezers are loaded in
termittently, the air flows from 
the coldest to the warmest pro
duce. 

Another important requirement 
in an air blast freezer is that the 
design air temperature should be 

suitable  for  reducing the  
temperature of  the product to  the 
intended temperature of cold 
storage. Australian practice is to 
store frozen fish at a temperature 
of  - 18 °C; therefore  the
temperature in  the air blast freezer
should be at least 5 °C lower at 

23 °C. 

This temperature is not always 
reached in present freezers. It may 
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be that to achieve desirable freez
ing times for some products even 
lower temperatures will be re
quired. However air temperatures 
below - 35 °C are not practical 
and consideration would then 
have to be given to changing the 
product dimensions and packag
ing to achieve acceptable freezing 
times. 

It should be noted that low air 
temperatures and long freezing 
times are sometimes compatible 
and this often confuses the 
operator. This happens when heat 
transfer is poor (invariably due to 
poor air flow over the product) 
and freezing is slow. The 
refrigeration equipment under 
these conditions will operate 
under light load and reduce the air 
temperature below the design 
value. 

Special-purpose freezers 

Although air blast freezers are 
widely used they are relatively in
efficient since air is not a good 
heat transfer medium. If the 
quantities of a given product to be 
frozen justify the purchase of a 
special-purpose freezer, it will cer
tainly give improved freezing per
formance. 

For instance, regular-shaped 
packages like the 10-kg cartons 
previously described can be frozen 
in a horizontal plate freezer and 
freezing times of about four hours 
are likely. Apart from improved 
freezing performance this type of 
freezer also is less susceptible to 
misuse by the operator. 

Purchasing 

It seems to be common in 

Australia for the purchaser to 

have individual contracts with 

suppliers of the various com
ponents of a freezer, such as 
refrigeration machinery and the 
insulated cabinet. This does not 
guarantee a well-designed freezer 
unless the purchaser himself has a 
good deal of expertise. It is more 
likely that a good design will result 
if a single contract is placed with a 
main contractor who will then 
sub-contract for the components 
he cannot supply himself. 
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Optimum air speed for 
bulk air-blast freezers 

Freezing time 

Figuro 3. A typical relationship between air speed and freezing time. 

Baffle i 
\ Cooler 

I I \ I I 

Air flow 

-

"" "' '" '' "' -g-

Figure 4. Ideal layout of an air blast freezer. (Compare with Fig. 2.) 

Reputable  suppl iers  of  

refrigeration equipment can pro
vide reliable freezers which they 
will guarantee to meet a specifica
tion that is mutually acceptable to 
both the supplier and purchaser. 

Advice 

In many ways fish freezing is 
more advanced and more deman
ding than for other foods and 
specialist knowledge is required 
for the design and operation of 
equipment. As in other countries, 
few people in Australia have the 
necessary breadth of experience in 

both refrigeration and fish pro
cessing technology. 

It was principally to fill this gap 
that the Tasmanian Food 
Research Unit of the CSIRO Divi
sion of Food Research recently 
recruited an engineer. It is hoped 
this move will provide some of the 
impetus required to improve pre
sent freezer designs and upgrade 
freezing standards. 

Suggested reading 
Freezing in Fisheries, FAQ Fisheries 

Technical Paper No. 167, Food and 
Agricultural Organisation of the 
United Nations, Rome, May 1977. 8 

Australian Fisheries, January, /983 
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FOOD TECHNOLOGY IN AUSTRALIA 
Volume 34, No. 6, June 1982 pp 278 - 282 

Spoilage association of vacuum packed sand 
f lathead (Platycephalus b�ssensis) fiHets 

T A, McMEEKIN*, L IIULSE and H A, BREMNER 

The spoilage association of vacuum packed sand flathead fillets was dominated by Alteromonas 

spp,, and shelf life was not significantly greater than that of aerobic controls. Attempts to induce 
development of lactic acid bacteria by reduction in pH or addition of glucose were unsuccessful. 
The treatments reduced the contribution of Alteromonas spp. to the spoilage association with 
a proportionate increase in Enterobacteriaceae. 

There is cum:ntl\' c:onsiderable interest in extendine. the shelf 
life or c:hillcd, p:;cked lish for the supermarket trade. In this 
trade the lish may be fresh but is more likely to ha\'e previously 
been fro1en before thawing and packing. The process of vacuum 
pac:king has received little attention with fish but is a well 
established means of extending the shelf life of red meats. With 
meats of normal pH (:::e5.5) the Gram negative aerobic Oora is 
inhibited by 1011 oxygen tension. and inc:reased carbon dioxide 
lc\'els and lactobacilli arc do111inant. These organis111s do not 
produce sulphides, amines and lllhcr compounds associated with 
putrefaction. and a shelf life of at least 10 weeks at 0° C can be 
obtained (:\ewton & Gill 1980). On high pll meat (>6.0). 
facultati1·ely anannbic: Gram negative bacteria. particularly 
Al1ero111n11as 1111tref,1ciens. predominate and a marked exten
sion in shelf life is not achie\'ed (Gill & :\e11 ton 1979). 

A similar situatinn might be inferred for most marine lish 
where th.: pH is normally greater than 6.0 and the presence of 
trimethylamine oxide pro\'ides an electron acceptor which can 
be used by A. p111refacie11s with resultant formation of 
trimethylamine (Castell & Snow 1951 ). Furthermore. the 
inciden�e of lactobacilli in marine situations is uncertain 
although Schr1der et al. ( 1980) described the de\'elopment of 
Lacwhacil/11s pla111aru111 in chill stored herring fol1011ing 
injection of sterile glucose into the peritoneum. '.'\evertheless. 
Huss ( 1972). Banks. Nickelson and Finne ( 1980) and Jensen l'/ 

al. ( 1980) reported reduced bacterial growth on vacuum packed 
fish and a change in the spoilage association compared to tJiat 
in aerobic controls. To extend the shelf life of vacuum packed 
high pH meat. Gill and :\ewton ( 1979) and 7\cwton and Gill 
( 1980) suggested reduction in pH to inhibit A. p11tr£'.fc1cie11s and 
addition of a readilv utilisable substrate such as �lucosc to delav 
metabolism of ami�o acids and encourage growth or lactic acid 
bacteria. 

This communication reports the effect of \'acuum packing 
coupled II ith these strategics on the spoilage association of 
vacuum pac:ked sand tlathead / Pla1ycepha/11s basse11sis) fillets. 
Flathcad were used since thcv arc common table fish available 
all year round in most Australian states. \foreovcr Ball ( 1980) 
has recently described the aerobic spoilage association in 
samples of this species obtained from the same supplier. 

Dr Tom .\fcMeeki11 is Reader in Agricul1ural Microbiology a11d Lisa Hulse a 
studelll i11 1he Depar1111e111 of Agricultural Scie11ce. The Unil'ersily of Tas111a11ia. 
GPO Box 252C. Hobart, Tas. 7001. Allan Bremner is Experime111al Officer. 
CS/ RO Tasma11ia11 Food Research U11i1. S1uwell Ave11ue, Hobart, Tas. 7000. 

• To "·hum correspondence should be addressed. 
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Materials and methods 
Packing procedure 
Frozen lillcts of sand tlathcad / P. basse11sisJ were obtained from 
a wholesale outlet. The experiments were carried out serially. 
and the tillets were thawed when required and subjected to one 
of the following treatments before packaging: untreated: dipped 
in citrate buffer pH 4.8 ( :\ewton & Gill I 980): dipped in citrate 
buffer pH 5.4 (Cruickshank 1965): dipped in glucose (50 g/L): 
and dipped in citrate buffer pH 5.4 containing glucose (50 g/L). 
Fillets were packed under vacuum in Cryovac \V gauge barrier 
bags using a Rheem Tipper Clipper Vacuum packing machine 
(union. :\J). The packing film was a tlexible laminate of 
ethylene vinyl a<::etate and polyvinylidcne chloride (nominal 
thickness 0.09 mm. oxygen permeability (unshrunk) at 3.5°C. 
2.1 mL.nr2 .24h- 1 .al!n- 1 ). Immediately after packing. the fillets 
were briefly dipped in hot water (75-80°C) to shrink the tilm. 
Also indi1·idual untreated tillcts were wrapped loosely in low
density polyethylene tilm. All samples were stored at 4 °C for up 
to 14 days. 
Sampling procedure 

Individual fillets were removed at random for 
microbiological analysis and organolcptic assessment during 
each storage trial with the exception of those wrapped in 
polyethylene (aerobic storage) which were examined after 14 
days only. Fish muscle ( 16 cm2) was aseptically removed and 
homogenised in 100 ml saline using a Colworth Stomacher. 
Serial decimal dilutions were prepared for the homogenate and 
spread on the surface of salt nutrient agar (SN/\) and the 
medium or de \Ian. Rogosa and Sharpe ( 1960) (MRS). Plates 
were incubated at 22°C for 3-5 days. 
Identification of the spoilage flora 

.,\ total of 320 colonies of SNA were selected for 
identification. These were streaked on SNA to check purity and 
subsequently mainuincd on Si\A slopes. Sixteen colonies from 
\IRS 11 crc also identified. The Gram reaction and cell 
morplllllogy of all isolates were noted: Gram positive isolates 
were identified further on the basis of the catalase tests using 
hydrogen peroxide (3 mL/L) and reaction in the medium of 
Hugh and Lcifson (1953). Gram negative isolates were 
identified by the following characteristics: motility; Oagella 
arrangement: oxidase reaction: oxidative or fermentative attack 
on gl�cose: DNAase production and sensitivity to Yibriostat 
(0/ 129). The methods used were those recommended by 
Hendrie and Shcwan ( 1979) and Lee. Hendrie and Shewan 
( 1979). Enterobacteriaceae were further identified by using the 
M icrobact I 2E System ( Disposable Products. Adelaide. SA). 
Trimethvlamine content on fillets 

Th� trimcthylamine (TMA) content of freshly thawed 

0015-6647 /82/34/0278/0401982 
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Table 1. Estimated numbers (log
10

) of bacteria on SNA * during storage of vacuum packed fillets at 4°C 

Time 
(days) 

0 
2 
4 
7 

10 
14§ 

Untreated 

4.46t 
5.78 
7.48 
7.93 
8.02 
8.11 

Citrate 
buffer 

(pH 4.8) 

4.54:j: 
4.76 
5.68 
6.29 
6.70 
7.40 

Citrate Glucose in 
buffer Glucose citate buffer 

(pH 5.4) (50 g/L) (pH 5,4; 50 g/L) 

4.39:j: 4.55:j: 4.61:j: 
- 5.14

6.32 6.83 6.21 
7.21 
7.77 7.84 6.92 
8.15 8.38 7.68 

• Salt Nutrient Agar: t Values represent mean of 7 estimates; /Values represent mean of 4 estimates; §Mean value for 8 aerobically stored fillets was 9.32 

Table 2. Spoilage associations of vacuum-packed fillets after 14 days at 4°C (% of genera) 

Citrate Citrate Glucose in 
buffer buffer Glucose citrate buffer 

Genera Untreated (pH 4.8) (pH 5.4) (SO g/L) (pH 5.4; SO g/L) 

Alteromonas 65 0 35 20 35 
Vibrio/Aeromonas 20 35 0 5 0 
E nterobacteriaceae 15 65 65 75 65 

Enterobacter sp. 10 30 25 20 15 
Serratia sp. 35 30 50 20 
Klehsiella sp. 5 30 
Escherichia sp. 5 10 

Tahle ]. Surface pll ialues of 1acuum-packed fillets during storage at 4 °C 

Citrate 
Time buffer 
1da�s1 Untreated (pi! 4.8) 

() 6.23* 5.38t 
2 6.33 
-1 6.21 5.57 
7 6.50 

10 6.67 5.37 
1-1+ 6.59 5.58 

Citrate 
buffer 

(pH 5.4) 

5.76t 

6.11 

6.23 
6.32 

Glucose 
(50 g/L) 

6.l4t

5.88 
6.07 

Glucose in 
citrate huffer 

(pH 5.4; SO g/L) 

6.12t 

5.80 
6.02 

'.\fea11 uf /{} detcrm111atw11s on /0 fillets. f.lfean v.f /0 determinations 011 4 fillets; /Mean 1·alue for 8 aerobically stored fillets was 7./9 

Tahle ,t Trimethylamine content of muscle after 14 days at 4 °C 

Treatment Fillet No. TMA-N (mg/100 g)) 

Aerobic 33.7* 
2 36.5 
3 34.1 

Vacuum-packed untreated I 42.0 
2 39.4 
3 35.4 

Citrate bulkr. pH 4.8 I 6.8 
2 9.0 
3 4.0 

Citrate buffer, pH 4.8 I 32.3 
2 33.8 
3 31.9 

,. Each vulue represefll.'i a mean (�( 3 replicate determinations 

Table 5. Estimated shelf life and spoilage characteristics of fillets 
stored at 4 °C 

Treatment 

Aerobic 
Vacuum-packed 

Untreated 
Citrate buffer (pH 4.8) 
Citrate buffer (pH 5.4) 

Glucose (50 g/L) 
Glucose in citrate buffer 
(pH 5.4; 50 g/L) 

Shelf life 

(days) Spoilage characteristics 

8-9 Slime, putrid fish odour

8-9 Slime. sulphide and off-odour 
8-9 Milky exudate, bleached flesh 
I O Sulphide and off-odour, milky 

exudate 
I O Slime. sweet odour 
9 · Sour, sulphide and off-odour, 

bleached flesh 

Tahle 6. Estimated numbers (log
lO

l of bacteria on !\IRS* during storage of 1·acuum packed fillets at 4°C 

Time 
(da�sl 

0 
2 
4 
7 

10 
14 

Untreated 

2.26t 
3.69 
3.74 
4.16 
4.33 
4.55 

Citrate 
buffer 

(pH 4.8) 

3.10:j: 
3.29 
4.10 
4.60 
4.86 

Citrate 
buffer Glucose 

(pH 5.4) (SO g/L) 

3.17:j: 
3.85 4.00:j: 
4.32 
4.78 4.3 I 
4.85 5.33 

*Th,· medium uf de Man. Rogosa and Sharpe /1960): fVa/ues represent mean of 7 estimates; /Values represent mean of 4 estimates 
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Glucose in 
citrate buffer 

(pH 5.4; 50 g/L) 

1.72:j: 

3.52 

4.55 
5.57 



fillets, spoiled vacuum packed fillets and aerobically spoiled 
fillets was determined spectrophotometrically following extrac
tion in 0.6M perchloric acid (Tozawa, Enokihara & Amano 
1971 ). 
Surface pH during storage 

The surface pH of fresh, aerobically stored and vacuum 
packed fillets was determined using a surface electrode 
( Radiometer. Copenhagen). Ten measurements taken at 
random over the total area of exposed fish muscle were recorded 
for each fillet. 
Ernluation of spoilage 

At each sampling time fillets were examined by the authors 
for off-odours. changes in colour or appearance of muscle. and 
changes in the appearance of the exudate surrounding the fillet. 
Shelf life was estimated subjectively using these characteristics. 

Results and discussion 
The estimated numbers of bacteria recovered on SNA 
throughout storage of the fish in each treatment are shown in 
Table I. Estimated numbers of bacteria initially present were 
=10'/cm2 muscle which rose to 10'-108/cm2 after 14 days at 
4°C. In comparison. the numbers recovered from aerobically 
stored fillets were = l09/cm2 muscle (mean of 8 determi
nations). which were significantly higher (p < 0.01) (analysis of 
variance) than those for vacuum packed treatments. There were 
no significant differences (analysis of variance) between viable 
counts on S:\:\ for untreated vacuum packed fillets and any of 
the treated 1·acuum packed lillcts. The initial llora of sand 
flathead fillet muscle comprised mainly Gram positive types. 
particularly coryneform bacteria (35r0c) and ,\licrococc11s spp. 
(40'7c). During storage at 4°C these were rapidly replaced by 
Gram negative bacteria. On untreated vacuum packed fillets. 
Altero111011as spp. had emerged as the dominant bacteria (50cc 
of flora) after only 4 days and comprised 65'.} after 14 days at 
4 °C (Table 2). This result was expected as Ball ( 1980) 
demonstrated that .·11tero111011as spp .. including .-1. p11trefi1cie11s. 
were the major spoilage organisms of aerobically stored sand 
tlathead. Thus vacuum packing did not increase the shelf life or 
inhibit Altero111011as spp. 

Dipping fillets in citrate buffer (pH 4.8) resulted in a 
reduction of the surface pH to 5.3-5.5 throughout storage 
(Table 3) and the complete inhibition of Altero111011as spp. with 
consequent non-appearance of the sulphide-like odours present 
in packs of undippcd fillets. Similarly. TMA levels were 
significantly reduced (Table 4). but unfortunately the treatment 
caused undesirabie changes in the appearance of the fillets. The 
flesh became bleached and opaque and exuded a milky white 
fluid (Table 5). l'vloreovcr. the treatment merely selected 
another group of Gram negative facultatively anaerobic 
bacteria identified as members of the Enterobacteriaceae. 
Enterohacter spp. and Serratia spp. predominated after 14 days 
(Table 2). 

Dipping the fillets in glucose (50 g/L) alone so as to pro1·ide 
a readily utilisable substrate to encourage lactobacilli or in 
glucose (50 g/ L) in citrate buffer (pH 5.4) to modify pH as 1,ell 
did not result in selection of lactobacilli. Although the 
proportion of Altero111011as spp. was reduced these were 
replaced by Gram negative facultative anaerobes (Table 2). The 
surface pH values were lower than in the undipped fillets. but 
shelf life was not increased and the fillets were rejected because 
of sickly sweet odours and bleached flesh. A treatment 
combining citrate buf

f

er (pH 4.8) and glucose (50 g/L) was not 
included because of the undesirable changes in appearance 
which occurred at this pH level. The initial incidence of 
lactobacilli was always low, in some cases not detectable. and 
after 14 days counts obtained on MRS were less than I o/c of 
those on SNA (Table 6). This situation might have been 
expected from the paucity of data reporting lactic bacteria in 
marine situations: in fact only a few reports indicate that 
lactobacilli develop rapidly on stored marine products (Fieger & 
Novak 1951, Schnpder et al. 1980). Fieger and Novak ( 1951) 
dealt with oysters which contained a large amount of glycogen 
while Schr�der et al. ( 1980) added glucose to their fish. 
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Furthermore. in the present study the count obtained on MRS 
over-estimated the lactic acid bacteria present. Of I 6 
representative colonies identified from MRS. 4 were Lacto
bacillus spp .• 5 were enterics, 2 were coryneforms and 5 were 
yeasts. 

The results presented here suggested that unless they arc 
deliberately added it is unlikely that lactic acid bacteria will 
proliferate on vacuum-packed tillets sutliciently to compete 
effectively with A. {'lltrefaciens and other Gram negative 
facultative anaerobes. Even with deliberate addition. the 
establishment of a predominantly lactic flora is by no means 
certain and Alexander ( 1977) cited numerous instances where 
deliberate addition of selected organisms to natural ecosystems 
has failed due to homeostatic mechanisms. i\ltcrnativelv the 
gaseous atmosphere might be modilied by addition of c:1rbon 
dioxide which would have a deleterious effect on the Gram 
negative component of the llora. Sutherland et al. ( 1977) and 
Gill and Tan ( 1980) have demonstrated that rl. putrefaciens is 
particularly susceptible to added carbon dioxide. Flushing of 
commercial bulk packs with carbon dioxide extended the shelf 
life of pllultry carcasses to 27 days at 1.1 °C (Sander & Soo 
1978). :\ similar extension might be expected with lish in 1·iew 
of the fact that chicken tissues also have pH values >6.0 and 
support rapid growth llf .·I. {'lllrcjc1cie11s 11 hen ,napped in 
impermeablt.: lilm without added carblln dioxide ( Barnes & 
�lclton 1971 ). 

Another approach is to add an antibacterial compound 
elketi1·e against the major component or the spoilage llora. 
Chunt! and I.cc ( 19S I). in an examination or aerobicalil· stored 
Engli;h sole rl'aro{'hrrs rc111l11s/. noted the absenc� or .·J. 
p11tr<'/i1cic11s on lilkts treated with potassium sorbate. l'relimi
narl' studies in our laboratory have indicated marked extension 
or s·helr life at 4-5 'C for lill�ts treated 11 ith potassium surbate . 
.-ll!cro111011as p111rc/i1cic11s was nllt recovered as part or the llora 
al an1· sampling time up to 2S days. 

In summary. while it 11as possible lo manipulate the 
spoilage association or 1·acuu111 packed sand llathead lillets by 
reduction in pi I or addition or gluco,c. nom: or the treatments 
significantly incrcascd ,heir life. Treatment \\ith a pll 4.8 
citrate buffer cn111plctel1 eliminated .-l/1em11101111s spp. from the 
spoilage a,sociatinn 11ith a cnrrcsponding reduction in lc\els or 
sulphides and 1ri111ethylamine. but caused undesirable changes 
in the appearance or the packed product. Further work will 
examine.: the effect or adding lactic acid bacteria. controlled 
atmosphere stnrage of fish and in particular the effect of sorbale 
treatment on the spoilage association and shelf life or vacuum 
packed lish. 
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H. A. BREMNER and J. A. STATHAM 

The effects of different packing regimes on the spoilage characteristics of chill-stored scallops 
(Pecten alba) were investigated. Scallops were packed aerobically in vacuum packs and in 
vacuum packs with an inoculum of lactobacilli and the microbial flora examined after several 
days storage at 4° C. Vibrio spp. dominated the initial flora (~105 cfu/g) and were still present 
in the vacuum-packed scallops after 13 days' storage (~107 cfu/g), while in the aerobic pack 
microbial counts were higher ( ~ 109 cfu/g), 95% of which were A/teromonas. While the inoculated 
lactobacilli grew slowly in the vacuum pack, other organisms were not suppressed and spoilage 
proceeded at a rate similar to that in the aerobic and vacuum pacl<s as judged by microbiologicai 
and raw odour assessment. 

Scallops along with many other shellfish command high prices 
when marketed fresh. Comparatively little work has been 
reported on the spoilage tlora of scallops. Thomson el al. ( 1974) 
found the normal spoilage flora of queen scallops (Chlamys
operrnlaris) to be similar to that occurring on fish except that 
Moraxella/ Aci11e1obac1er spp. outgrew pseudomonads. The 
pattern of spoilage of the species common to south eastern 
Australia (Pee/en alba) has never been described. As with other 
seafoods chilled storage life is limited and alternative methods 
of packaging and pre;ervation need investigation. 

Scallops differ from lish in that post-mortem glycogen 
levels arc relatively high, being in the order of 3c7r, (Groninger 
& Brandt 1970). Low final pH would therefore be expected, 
even though octopinc produced by the reductive condensation of 
arginine and pyruvate (Hiltz & Dyer 1971, Sakaguchi, Hiltz & 
Dyer 1975) and succinatc (O'Doherty & Feltham 1971) arc the 
major end products of post-mortem glycolysis in the muscle of 
the scallop species Placopec1en 111agella11ic11s, rather than 
lactate as occurs in other muscle types. High glucose levels 
derived from glycogen may also support a population of lactic 
acid bacteria, resulting in inhibition or suppression of the Gram 
negative spoilage flora. Gilliland and Speck (1975) found an 
inoculum of I O' cfu/g of Lactobacil/11s hulgaric11s to inhibit the 
psychrotrophic bacteria on fresh crab meat, while Moon et al.
( I 982) showed no such inhibition by either L. casei or 
S1rep1ococcus I act is in shrimp. The presence of lactobacilli has 
been shown also to inhibit the growth of Clos!ridium bo111/i1111111
type E in fish products (Johannsen 1965, Raa & Gild berg 1982). 
Lowered pH and production of antibacterial agents, possibly 
organic peroxides, are thought to inhibit growth and toxin 
production. 

There have been several reports of lactobacilli being 
present in marine products, including crab meat (Lee & Pfeifer 
1975, Ward, Pierson & Yan Tassel! 1977), fish muscle (Banks, 
Nickelson & Finne 1980, Knpchel I 98 I) and fish intestines 
(Schrpeder el al. 1980); however. lactobacilli do not appear 
consistently. 

The initial flora of fresh shellfish determines, to some 
extent, the nature of the subsequent spoilage association and in 
turn this can be influenced by geographic and seasonal 
differences. This investigation aimed to determine the spoilage 
association of vacuum-packed scallops and establish the effect 
of a lactobacillus inoculum on this association. 

Allan Bremner and Jo Srarham are experimen/a/ officers wirh rhe CS/ RO 
Di,·ision uf Fuud Res,•arch, Tasmanian Food Research Uni/, Srowe/1 A1·en11e, 
Hobart, Tas. 7000. 
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Materials and methods 
Packing procedure 
Scallops were caught at night (August 1981) in Banks Strait, 
NE Tasmania, and taken by truck the next day to the processing 
factory. The following morning they were alive when shucked by 
the normal commercial process. The scallop meat complete with 
roes was taken to the laboratory where it was sorted randomly 
into four groups each of 224 scallops which in turn were packed 
into 14 bags. The treatments arc summarised in Table I. 
Lactobacilli were added to all the scallops in treatment L by 
mixing with them 40 ml of a fresh culture of Lactobaci/111s
1,!a111ar11111 (NCDO 343) to give an inoculum of approximately 
8. 7 x I 0' cfu/ g. The scallops were then randomly allocated 16
to each pack.

Two packs from each treatment were opened initially and 
after storage for 3, 7, I O and I 5 days; single packs from each 
treatment were opened after 23, 27 and 38 days in store. At each 
sampling time the appearance of the scallops was noted and 
after opening the packs the intensity and nature of the odour was 
recorded. 
Analytical 

A perchloric acid extract (Mackie & Thomson 1974) of two 
scallops from each pack was used to determine hypoxanthine 
(Jones et al. I 964). Perchloric acid extracts were also used to 
determine trimcthylamine according to Tozawa, Enokihara and 
Amano ( 1971 ), trimethylamine oxide by the same method after 
reduction with TiCI, (Yamagata, Horimoto & Nagaoka 1969) 
and glycogen according to Carroll, Longley and Roe ( 1956). 
Octopine and arginine were determined as described by Hiltz 
and Dyer ( 1971 ). Samples and standards were run on 
PEI-cellulose F pre-coated 0.1 mm thick plates and developed 
with Sakaguchi's reagent. Arginine gives an orange spot which 
is removed by shaking with cation exchange resin. Octopine 
gives a pink spot which at higher concentrations (10 µL) tends 
to run spread both before and behind the salt in the extract but 
in more dilute extracts which contain less salt gives a single spot 
when a 5 µL aliquot of a I: I dilution of the sample is used. Rr 
values obtained were 0.40 for arginine and 0.24 for octopine. 

Scallop flesh pH was determined using an Orion pH meter 
equipped with a spear electrode; moisture contents were 
determined by oven drying at I 05°C to constant weight. 
Microbiology 
S"mp/ing 

One scallop was removed at random from each pack, 
weighed and homogenised in sterile saline for 3 min by Col worth 
Stomacher. Serial decimal dilutions were spread plated onto 
nutrient agar containing 2.5% NaCl (SNA). The medium of de 
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Man, Rogosa and Sharpe ( 1960) adjusted to pH 5.5 with lactic 
acid (MRS,;) and the medium of Gardner ( 1966) were used to 
estimate numbers of presumptive lactic acid bacteria and 
Brocho1hrix 1her111osphac1a respectively. All plates were 
incubated at 22"C for 3-5 days. l'v!RS,, plates were flooded 
with 3'7r 11,0� and only catalase negative colonies were counted. 
Gardner's medium was flooded with Kovacs' oxidase solution 
and only oxid;1se negative colonies were counted. Plates were 
flooded only 11 hen isolates 11ere not required for further 
identification. 

A sulphur-rich iron-containing medium (BCA) was used 
for enumeration of hydrogen sulphide-producing bacteria. The 
medium was composed of: Bacto beef extract (Difeo) 0.3%, 
yeast extract (Sigma) 0.3',r, Bacto peptonc (Difeo) 0.5%, Bacto 
tryptone (Difeo) 1.5'.:i-, ferric citrate 0.3%, Na,S,O, 0.05'7c, 
cysteinc HU 0.ll,l';,, NaCl 2.S'ic, Bacto agar (Difeo) 1.5%; pi-I 
was adju,ted to 7.0 using KOH. The plates were spread with 
inoculum, allowed to dry and overlayed with the same medium. 
Hydrogen sulphide-producers appear as black colonies within 
the agar ( E. Gorczyca. pcrs. comm.). Total bacterial estimates 
were also obtained from this medium to allow a comparison of 
such counts with those from SNA All plates were incubated at 
22 ° C for 3-5 dais. 
I denti_fiollion c,/ i so!u1es 

Colonies 11 ere isolated random Iv from SN A plates 
inoculated 11ith samples taken at O and I 5 davs. In all cases 20 
isolates 11crc taken from each duplicate sarnjile, giving a total 
of 40 isolates from each treatment at each sampling time. Gram 
negative isolates were identified according to Shewan, Hobbs 
and Hodgkiss ( I %0). Gram positive isolates were idrntified 
according to Bergey's 111a111wl 1,f de1cm1i11ative hac/eriology
(Buchanan & Gibbons 1974). 
Statistical methods 

Analysis or variance followed bv determination of least 
signilicant differences was used to· differentiate treatment 
effects. 
Geographical suney of bacterial nora of scallops 

In this investigation scallops from Perth (WA). Sydney 
(NS\V), Lakt.:s Entrance and Port Phillip Bay (Vic) were 
obtained during .lanuary/Febniary I 9K2. They were sampled in 
duplicate as previously described. Twenty isolates from each 
sample were identified, giving 3 total of 40 isolates from each 
location. 

Results and discussion 
Chemical composition 
Table 2 gives the results of the chemical analyses performed on 
the fresh scallops. 
llypoxa111hine 

Hypoxanthine is the ultimate post-mortem breakdown 
product of A TP. Changes in hypoxanthine levels in the chill
stored scallops arc demonstrated in Figure I. Hiltz and Dyer 
(1973), Thomson el al. (1974) and Nakamura el al. (1976) all 
considered hypoxanthinc a useful indicator of scallop freshness. 
It is necessary, however. to know the thermal history of the 
scallops before interpreting the significance of a particular 
hypoxanthine level. For example, Hiltz and Dyer (1973) found 
that the ultimate levels of hypoxanthine in chilled scallop meats 
rose to approximately 3 µmolc/g, while for frozen scallops 
which were then thawed and stored the ultimate level rose to 6 
µmole/g due to freeze-thaw stimulation of the 5'-nucleotidase, 
AMP phosphohydrolase. Thomson el al. (1975) found similar 
levels in queen scallops, but for prcpacked meats stored at 4° C 
intermediate levels near 4-5 µmole/g were obtained. They 
considered the limits of edibility corresponded to hypoxanthinc 
concentrations of 2.5-2.8 11mole/g in whole iced queen scallops, 
3.5-4.0 µmole/g in prepacked meats and 4.0-5.0 µmole/g in 
prep;:icked meats obtained from thawed, whole queen scallops 
which had been frozen. 

In the present experiment. levels of 3.5-4.0 µmole/g in the 
scallops were found after storage for about 15 days at 4°C (Fig. 
J ). Scallops in all treatments were well spoilt by this time 
although the raw odours (see below) typical or each treatment 

Table 1. Summary of treatments 

Code Treatment 
Storage temp. 

(OC) 

V-::- vacuum

I. -- lactobacilli added 

A - aerobic 

F - frozen 

Vacuum packed in barrier 
bags• 
Vacuum packed in barrier 
bagsafter addition of8.7 x 10; 
cells/g l.ac1obacil/11s 
plantarum 
Packed in polyethylene bags, 
tied at the neck 
Vacuum packed in barrier 
bags 

4 

4 

4 

-18

•Cryun1c L gaut:t' harna hags -· IVH. Grace Pn· Lrd .\frlbuurne nominal 

OJR /1m.,llf1111k/ J.5 ml 111 'NI, 1 aim I at J.5.-C and 75'o RH. · 

Table 2. Chemical composition of fresh scallops 

Moisture (g/ i00g) 
Glvcogcn (g/ I00g) 
TMt\O (mg TMAO-N/I00g) muscle 

-roe
T�L\ (mg TMA ·N/I00g) - muscle 

- rot:
Roe (g/l00g)

� 6 -
� 
0 
E 

" 

C .c c 3
� 
� 2 

:I: 

m 

0 
0 

A ___.-a/ 
0 

10 

0 

15 

Storage time (days J 

78.8 (SE 0.18) 
0.8-1.0 
44.8 
10.7 
1.2 
0.4 

38.1 

27 38 

Figure I. Change.< in hypoxan1hine leve/J in scallops stored al 4' C:@. vacuum 
paded; O. rac,111111 packed plus L. plantarum;B. aerobic. 

were different. The odours arc a reflection on the different 
microbial populations (see below), whereas hypoxanthine 
production is a biochemical change in the muscle itself. Only at 
advanced stages of spoilage after 27 days were the effects of 
bacterial breakdown of hypoxanthine evident (Burt 1977). The 
hypoxanthine levels in the frozen samples did not change during 
the storage period of 38 days. 
pH Changes 

The change in pH of the scallop muscle surface during 
storage is shown in Figure 2. The initial drop of approximately 
I pH unit in all treatments is interpreted as being due to post
mortem glycolysis. Surface pH values showed an overall 
decrease throughout the remainder of the storage period. After 
storage for I O days, surface pH of the scallop muscle was noted 
to be significantly higher (p < 0.00 I) than that of the interior 
of the muscle. It was not until after a further 28 days that 
surface pH was found to have fallen sufficiently to become 
significantly lower ( p < 0.00 I) than that of the interior of the 
muscle. No differences between surface and internal pH were 
noted in frozen samples until after 27 days, when surface pH 
became significantly lower (p < 0.001) than internal pH. 
Although bacterial activity is confined to the surface of 
proteinaceous material this difference may have significance 
when recording pH values from homogenates. 
Products of post-mortem glycolysis 

The detection of arginine and octopine by chromatography 
showed that Peet en alba follows the same metabolic pathway as 
Placopec/en 111agella11ic11s. 
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J-1gurc J !Jacterial mm,fiaJ {J/1 scallo{1'5 Hored at./ C 1a1, t'Hima ·dun salt 
nurncnt agar: 1h1. t'ftimared on hlack colon_\' agur; e. rac1111m p11cJ...ed: 0, \'acuum 
pMl.ed plus L. plantarum. If!. aeroh1c. 

Bacterial numbers 

Estimates of bacterial numbers obtained from SNA and 
BCA arc shown in Figure 3. Cell numbers in the two vacuum
packed treatments, estimated on SNA. reached a maximum of 
I 0 7 cfu/g at 7 days. The counts obtained from aerobically-stored 
scallops reached a maximum of 10" cfu/g after storage for 28 
days, the numbers being significantly different (p<0.001) from 
those of vacuum-packed scallops. No lag phase was exhibited in 
any treatment. 

Bacterial numbers estimated on BCA ( Fig. 3) showed a 
trend similar to those of SNA during the first 20 days in storage, 
but were significantly lower (p<0.05) at each sampling time. 
This reduction in total counts can be attributed to the molten 
agar overlays (52 °C) reducing psychrotroph numbers and can 
be overcome by using solid overlays ( Hobbs & Hodgkiss 1982). 

The numbers of H,S-producing colonies detected on BCA 
(Fig. 4a) showed a trend similar to that of the total bacterial 
estimates and represented approximately 1% of the total 
population throughout storage. This proportion is variable, 
however, with no black colonies occurring on some plates. In 
general, fewer definite black colonies appeared on crowded 
plates. 

Presumptive lactic acid bacteria determined by growth on 
MRS,, and the absence of catalase occurred in both chill-stored 
vacuum-packed treatments with and without added lactobacilli, 
reaching a maximum of 10' cfu/g after 38 days (Fig. 4b). 
Isolates taken from each treatment differed considerably; those 
from treatment L were homofermentative rods biochemically 
similar to the L. plantarum used as inoculum, while those from 
treatment V were difficult to subculture and could not be grown 
in the biochemical test media which were used for further 
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Figure 4, Bactt•rial numbers mt scallops stored al 4 · C: (a). estimated numbers 
of II . ..S-pru�/11ci.11g colonies on black colony agar; (h). numht•r.t of presumptive 
la<'iohaci/�1 t'.Htmilll'd on ,\IRS agar adju.Ht'd to pll 5. 5; (c). ttumhers of 
Drochothrt:\ thcrmo.-.phacla estwu11ed on Gardner's medium:@. ,·t1cuiw1 packed; 
0, \'acuum /1'Jckt·d plus L. plantarum;a, at•rohic. 

Table 3. Changes in bacterial flora of scallops stored at 4° C 

Genera present (%) 
Storai.:e 

time Altero- Staphyl- Aero-
(da}S) Treatment l'ibrio monas OCOCCIIS monas 

0 V - vacuum-packed 100 
L - vacuum-packed 92.5 5 2.5 

+ L. pla111ar11m 
A -- aerobic 95 5 

15 V - vacuum-packed 95 5 
L - vacuum-packed 97.5 2.5 

+ L. pla11taru111 
A - aerobic 7.5 92.5 

identification or in scallop broths. These isolates from treatment 
V were possibly a more fastidious strain of marine origin. 
Bmchorhrix 1her111osphac1a was found in all treatments after 
3-7 days in storage; it became a significant proportion of the
total flora, however, only in the aerobic treatment, reaching
approximately I 0' cells/ g after 38 days ( Fig. 4c). Reports on the
occurrence of IJ. 1her111osphac1a in seafoods are rare, it being
generally considered as a spoilage organism on meats. It has,
however, been shown to represent a significant proportion of the
bacterial flora of black drum (Pogo11ias cromis) (Nickelson et
al. I 980). Inhibition of anaerobic growth of B. lhermosphacta
on beef occurs at pH values below 5.8 (Campbell e/ al. 1979)
and is brought about by increasing levels of undissociatcd lactic
acid (Grau 1980). A similar type of inhibition may occur in
vacuum-packed scallops if a population of lactic acid bacteria
is established. No lactic acid bacteria or B. rhennosphacla were
detected on SNA plates due to the lack of a carbohydrate source
and the necessary vitamins. This medium therefore tends to
represent a Gram negative count rather than a 'total' count.
B11cteri11/ flora 

The composition of the bacterial flora isolated from SNA 
is shown in Table 3. Vibrio spp. were the predominant types in 
the initial flora; they persisted throughout storage in the 
vacuum-packed treatments. Alleromonas spp. proliferated in 
the aerobic packs becoming the predominant type at spoilage. 
In all chill-stored treatments spoilage as indicated by the raw 
odour was well advanced by 15 days, suggesting that Vi brio spp. 
are active spoilers of scallops, producing undesirable odours and 
flavours at rates similar to Alreromonas spp. However, the 
experiment was continued to monitor the bacterial interactions. 
The spoilage role of the Vibrio spp. was confirmed by the 



Table 4. Ra\\ scallop otlours compared with frozen samples 

Storage time at 4°C (days) 

Treatment 

V --vacuum 
packed 

L · · inllculatcd 
11ith l.,cto• 
bacilli then 
vacuum racked 

A ··· aerobic pack 

J 

Definitely I LS. 
so. 

1I.S. 
Cl!l!:'l, 
t:�1;riet.1 egg� 

Old ,ea weedy, 
not ,callop 

7 

Slightly off, 
seafood. 
oyster. 
,iilphidc 

Sharr, 
IIC I, 
pungent, 
meal) 

Ammonia, 
scallop, 
shcl l!i,h, 
sweaty feel, 
old ,ocks 

JO 

Vc,ry delinitc 
1I,s. 
�wcct, 
fruit\, 
ro11c·n apple, 
seaweed 
Fruit\, 
metallic, 
slight H,S, 
fruit, 
vinegar. 
scaf,iod 
Sour pastry, 
,our milk, 
yeasty, 
sour dough 

unpkasant off-odours rroduced when isolates were inoculated 
into sterile scallop extract. 
Raw odour and colour 

The odours detected during chill storage or the scallllps in 
treatments V. Land A arc listed in Table 4. The frozen scallops 
maintained their fn:sh sea weedy, scallop odours throughout and 
were u,cd as a reference. 

There were no detectable ,;olour changes of the packs in 
chill storage until 15 da,·s when it was obvious that the rne 
colour had· faded and th� natural fawn/creamy colour or the 
lksh was fading to grey. 1\ftcr 15 days in storage, gas production 
and frothy liquors were evident in packs in treatments V and L 
and by 27 davs all the chill-,torcd bags had become inllated. 

The inhibitory effect 01· carbon dio\ide lln bacterial growth 
is well docums:ntc�I and it may be that the slow build-up" of the 
gas in these packs resulted in t he dei:line in bacterial numbers 
after stora 1,e for I O Ja vs ( Fi L! .1) it nd the eventual i nlla t ion of the 
bags. ~ · ' • 
Geographical sun ey of bacterial flora of scallops 

Vihrio spp. \\ere comnwn tu the bacterial flora of scallops 
from various lucations around t\ustralia but comprised a larger 
proportion of the total llora in scallops from the cooler regions 
such as Tasmania. Port Phillip Bay and Lakes Entrance. It 
would appear from this cursory investigation that scallops 
generally have a limited native flora composed of Gram 
negative, facultativcly anaerobic rods. 

Conclusions 
In summary, Vihrio spp. arc the predominant bac.:tt:rial typcs 
uccurring in fresh scallops and arc capable of causing spoilage 
of both aerobically-stored and vacuum-packed scallors. Inocu
lation of scallops with lactobacilli did not alter the spoilage 
pattern; it appears that Vihrio spp., unlike Altrro111011as, arc not 
susceptible to antibacterial effects exerted by lactobacilli. 
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Effect of Potassium Sorbate on Spoilage of 
Blue Grenadier (Macruronus novaezelandiae) as 
Assessed by Microbiology and Sensory Profiles 

JO A. STATHAM• and H. ALLAN BREMNER 

CS/RO Dh·ision of Food Research, Tasmanian Food Research Unit, "Stowell', Stowell Ave .. Hobart 7000, Tasmania 

(Received for publication April 28, 1983) 

ABSTRACT 

Blue grenadier fillets (Macruronus novaze/andiae), pH 6. 7, 

which had been stored frozen for 3 wk were thawed and repacked 

under vacuum and in air with and without the addition of 0.1 % 

potassium sorbate. TI1e effects of these treatments on the micro

bial Oora were noted after subsequent storage of the fillets at 4°C. 

Pseudomonads comprised >90% of the total Oora of sorbate

trcatcd fish, whereas Vibrio spp. (85%) and Moraxel/a spp. 

(70%) predominated in vacuum packed and aerobically stored fil

lets, respectively. Sensory profiles of odor and Oavor of the 

stored material were constructed. The acceptability of the aerobi

cally stored fillets had significantly decreased after 7 d of storage. 

Vacuum packaging in conjunction with 0.1 % potassium sorbate .
results in a minimal extension of shelf-life. 

Satisfactory methods for considerably improving the 
shelf-life of chill-stored fish products are the subject of 
much recent research (3,4,6,8,9,13,16,19). Attempts have 
been made to simulate conditions similar to those existing 
in vacuum-packaged red meats, by the addition of utiliza
ble carbohydrates and adjustment of pH (14) and addition 
of Jactobacilli (J); however, none has proved successful. 
Low post-mortem glycogen levels make fish products 
analogous to high pH red meats, and similar problems 
occur when vacuum packaging thes<: products. It appears 
that, apart from irradiation, the addition of antimicrobi�I 
agents in conjunction with packaging under va�uum, o� m 
some modified atmosphere, may be necessary 1f extenston 
of chilled shelf-life is to be gained. 

The antimicrobial effects of potassium sorbate have been 
used for many years to preserve a wide variety of 
foodstuffs (23) and more recently its potential application 
to seafood preservation is being investigated (4,6,8). Sor
bic acid has a very low acute toxicity and is metabolized 
by nonnal physiological pathways (JO). It is listed by the 
FDA as a GRAS substance in the USA. It has been shown 
to have the ability to inhibit pathogens including Vibrio 

parahaemolyticus (19), Staphylococcus aureus (20), Clos
tridium botulin um (I, 12) and the food spoilage bacteria 
Pseudomonas fluorescens (17) and Pseudomonas (now Al-

teromonas) putrefaciens (18), although the effectiveness 
depends on the pH which controls the proportion of undis
sociated acid that is the active form (1). By interpolation of 
the figures given by Blocher et al. (/), the proportion of 
undissociated acid in aqueous solution is halved by chang
ing the pH from 6.5 to 6.8, i.e., from 2.5 � 1.2% undis- I

sociated acid, respectively, although the proportion present 
when the substance is applied to a complex substrate like 
fish flesh at these pH values is not predictable. The inhibit
ory action of sorbate is reported to be quite effective in the 
range of pH 6.0 to 6.5 (23), but at the point of processing 
fish may often have a slightly higher pH than this. This can 
be due to its inherent properties, to stress during trawling, 
to seasonal poor condition or to the normal delays that 
occur between catching and processing. 

Debevere and Voets (8) found that sorbate selectively in
hibited trimethylamine (TMA) producing bacteria on cod 
(pH not reported), whereas Chung and Lee (6) showed that 
addition of potassium sorbate to an homogenate of English 
sole (pH not reported) resulted in an extension of the lag 
phase of bacterial growth with inhibition of H 2S - produc
ing P. putrefaciens. Regenstein et al. (16) used sorbate ice 
(pH 6.5) to extend the shelf-life of red hake. Storage of red 
hake in I% sorbate ice in a modified atmosphere of 
CO2:O2:N2 (60:21: 19) was more effective than sorbate ice 
alone (9). A considerable extension of shelf-life for vac
uum-packaged scallops (initial pH 6.2) treated with 0.1 % 
potassium sorbate was found by Bremner and Statham (4).

Blue grenadier is related to the merluccid hakes (2) and 
is an increasingly important trawl fish caught in New Zea
land and south eastern Australian waters. It is inherently 
soft and often has a high pH (5). This communication re
ports the effects of potassium sorbate on the spoilage as
sociation and the nature of the spoilage of vacuum pack
aged and aerobically stored blue grenadier stored at 4°C. 

MATERIALS AND METHODS 

Blue grenadier were caught by trawling (Nov. 81) and were stored in 
the headed and gulled form in ice for 3 d until they reached the laborato
ry. The fish had a moisture content of 81.4% and a fat content of 1.8% 
(means of 4 samples). They were in reasonably good condition with an 



··-:, initial __ bacterial nora of Mor<Lrel/a, Pseudomo11as and navobacleriac.:�0 
,· i taining '7 x JO-' ccllslcm2 • The fish were inspected, filleted, trimmed and • 

'•individually packed (skin on) in barrier bags (Cryovac U gauge O.T.R. 
1 ; _ ,/ ap__rro�. _ _::5 ��llm_'l2� h!a'.m:, W. _ R. Grace (Aust.) ;>f). Some fillels 

sliowea signs or dcfcnorat,on 1n the belly area. Af1c/2 I d of frozen stor
age al -18°C, t.he fillets were thawed for 17 h al 4°C. Each fillel was cut 
into pieces weighing approx. 50 g. These were randomly allocaled to five 
treatments (Table I). 

Each treatment consisted of 14 bags, each containing three pieces of 
fillel. Potassium sorbale was applied in 1realmen1s VS and AS by adding 
sufficient I 0% solution of potassium sorbate (food grade) lo all fillels in 
a large plastic bag in an effort lo ensure addition of a known amount. The 
solution was gently mixed over the fillets by kneading 1he bag lo give an 
overall conccnlration of 0.1 % potassium sorbate (wVwl). No a11empl was 
made 10 adjust the pH of the nesh. Fish nesh is an effective buffer and 
dipping the nesh in citric acid or citrate buffers has proven unsa1isfac1ory 
due lo precipi1a1ion of the proteins on 1he nesh surface (/4) and slight 
bleaching effects (25). Tlie barrier bags containing 1he vacuum-packaged 
samples (lrcalmenls V, VS and F) were heal shrunk by dipping for a few 
seconds in hot water (85°C), lhen cooling immediately in ice water. 

Packs were examined in duplicate al each of 1he sampling limes. Im
mediately each pack was opened, the conlenls were sniffed by, the ex-

_
// 

perimentcrs and the intensities of fish cxlor and off-cxlor note/ ,&·a-� � 
sensus score on a O to 9 scale (0, no fish cxlor 10 9, extreme fish odor; 
0, no off-odor 10 9, extremely strong off-cxlor). Descriptions of off-cxlor 
were also recorded. 

Analytical 
Perchloric acid extracts were used to delerrnine 1rime1hylamine by the 

method of Tozawa el al. (24) on samples taken adjacent 10 the areas used 
for microbiolog_ical counts. The pH of fish nesh was delerrnined using an 
Orion pH meter equipped with a spear clcc1rcxle. 

Microbiolo,:y 
Samplin,:. A J 6-cm1 skin sample was removed from one fillcl piece 

from each duplicate pack. The skin sample was homogeni1.ed in slcrile 
saline for 3 min using a Colworth Stomacher 400 and lhe homogenate 
then used lo prepare serial decimal dilutions for spread plating. Nutrient 
agar containing 2.5<:t NaCl (SNA) was used for !he es1ima1ion of bacte
rial numbers 1hroughou1 the experiment. This medium was employed as 
an ahemative 10 seawater agar, which has been used exlensively for cul
luring bacteria from fish (21 ). All plates were incubated al 22°C for 3 lo 
5 d. 

Identification of i.wlates. Twenty colonies "ere randomly selected 
from SN A plates of the initial samples and from 1ho�e taken afler 11 d of 
storage. Gram-negative isolates were placed inlo genera according to the 
scheme of Shewan cl al. (22) and were further idcn1ified using 1he scheme 
of Hendrie and Shew an (/ /). 

TABLE I. Summary of trcatments. 

Trcatmenl 

V 

vs 

A 

AS 

·F

Packai;ing 

Vacuum packaged in barrier bags 

Treated with 0.1 % potassium sorbate; 

vacuum packaged in barrier bags 

Packaged in polyethylene bags 
tied at the neck 

Treated with 0.1 % potassium sorbate; 

packaged in polyethylene bags 
tied at the neck 

Vacuum packaged in barrier bags 

Profile panel 
The six pieces of fillet from each lrea1men1 were broiled simuhaneously 

to a cenler lempcralure of 72°C. To minimize variability, the cooked 
pieces were shredded with a fork and well-mixed. The mixed nesh was 
then dis1ribu1cd be1wen 1wo bowls and reheated in a microwave oven 10 
a temperature of 70 lo 80°C immedialely before being presented lo the 
pane1. 

The panel consisted of 10 to 15 trained people grouped around a table. 
Each panelist was provided with two score sheets listing words which had 
been used previously lo describe odor and navor allributcs of seafoods in 
terms of other familiar foods and sensations. The odor profile consisled 
of 67 descriptive lcrms, the navor profile of 52 terms. Panelists sniffed 
the cooked fish as often as they liked and recorded their impressions on 
the odor profile sheets using scores ranging from O (absent) through I 
(slighl), 2 (moderate), 3 (strong), 4 (very strong) lo 5 (extremely strong). 
Fish odor intensity and off-cxlor in1ensi1y were marked on 1he same scale. 
The findings were discussed brieny and panelists were allowed to amend 
their sheets if they wished. Each panelisl then tasted the fish and recorded 
his or her impressions on the same O lo 5 scoring system on the navor 
profile sheels, which also lis1cd navor in1ensi1y_ and off-navor in1cnsity. 
Overall acccplabili1y was marked independently wi1hou1 discussion on a 
'Smiley' scale. Panclisls were asked 10 use this scale in the following 
manner: "Sec which face mos! closely conveys your impression of the 
prcxluct, then wrile down the score corresponding 10 this face". A score 
of I corresponded to the lowest aecep1abili1y and 7 10 the highest accep1a
bili1y (Table 2). A discussion session on navor was held, lhen the next 
sample was assessed for odor and navor. Ten tasters were common lo the 
assessments of all treatments after 0, 4, 7 and 11 d of storage and nine 
of these laslers were common lo assessment of lrealmenls V, F and VS 
after 14 d, and treatments F and VS afler 18 d of storage. 

RESULTS AND DISCUSSION 

T_rimethylamine 

Treatment with potassium sorbate suppressed TMA

fonning organisms, particularly in the vacuum packs 

(treatment YS, Table 3). This is in agreement with the ob

servation of Debevere and Yoets (8) that potassium sorbate 

selectively inhibited TMA-producing bacteria. Vacuum 

packaging alone (treatment V) suppressed TMA formation 

in comparison with the aerobic treatment. At day O the 

mean for the five treatments, (0.3 mg TMA-N/100 g), was 

low, indicating fish of good initial quality (7). 

Storage Sampling times 
lempcralure (d) 

(OC) 

4 0,4,7,11,14 

4 0,4,7,11,14,18 

4 0,4,7,11 

4 0,4,7,11 

-18 0,4,7,11.14,18 

.. 

, , ·-



TABLE 2. Scores corresponding to hedonic "Smiley'' scale".

1 2 3 

'Smiley scale courtesy of General Food Corporation. 

TABLE 3. Levels of trimethy/amine (TMA-N mg//00 gf stored
in fillets.

Storage time (d) 

Trcalmcntb 
0 4 7 II 14 

y 0.3 0.4 0.5 2.9 10.7 

YS 0.4 0.2 0.4 0.7 0.6 

A 0.3 0.3 2.5 14.6 42 

AS 0.2 0.4 0.3 I. I 1.6 

F 0.3 N.D.C 0.3 0.4 0.2 

•values shown are means from two bags per treatment.
t>-rreatments arc described in Table 1.
<N.D., not determined.

pH 

18 

78 

83 

3.6 

0.2 

The mean initial pH was 6.7. Changes in external pH 
values within each treatment are shown in Fig. I. Signifi-

. cant increases (P<0.05) occurred after 7 d of storage in fil
lets stored aerobically, with and without added potassium 
sorbate. Between 11 and 18 d of storage, additional signif
icant increases (P<0.00 I) occurred in treatments A, AS 
and V. No changes occurred in the pH of fillets in treat
ments YS and F. The external pH value became signific
antly higher (P<0.00 I) than that of the interior of the mus
cle as spoilage progressed, except in treatment YS and F 
where external pH remained constant. 

Microbiology 
Viable coullls. Bacterial numbers obtained on SNA are 

shown in Fig. 2. Analysis of variance showed bacterial 
numbers in treatment YS to be significantly lower (P< 
0.00 I) than for the other three treatments. No lag phase oc
curred in either of the aerobically stored treatments, and 
bacterial counts reached I 09 colony-forming units (CFU)/ 
cm2 and I 08 CFU/cm2 in treatments A and AS, respec
tively. Treatment V exhibited a short lag phase of about 
4 d, after which bacterial numbers increased rapidly to a 
maximum of I 08 CFU/cm2

• An extended lag phase oc
curred in treatment YS, lasting for at least 7 d. This 
suggests the effect of potassium sorbate on the bacterial 
flora in vacuum-packaged fish was not bactericidal, as 
.found with vacuum-packaged scallops (4), but was bac
teriostatic, maintaining low bacterial numbers over the first 
f cw days of storage. 

Bacterial flora. The bacterial flora present initially and 
after 11 d of storage are shown in Table 4. The differences 
in the composition of the initial flora are likely to be due 
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Sto,a9e lime (day,} 

Figure I. Changes in surface pH of blue grenadier fillets during
storage at 4°C. 

' 
11 

Slornge lime (days) 

♦Vacuum packaged 

$Vacuum packAIUd plut IOtb•I• 

A.Aerobic 

' 
,. 

' 
18 

Figure 2. Bacterial numbers on blue grenadier fillers during stor-
age at4°C. / 

b�LJ�, 
f- .(� fille�lriation, caused in part by freezing and thawing.

-lJoiaxella, Pseudomonas and flavobacteria predominated
in the flora at day 0. After storage for I I d, the fish with
added sorbate supported flora composed almost exclusively
of Pseudomonas spp. The majority of those in treatment
AS belonged to the pseudomonad group which produce
diffusible fluorescent pigment(//).

All pseudomonads isolated from sorbate-treated fish pro
duced fruity odors and were not capable of reducing
trimethylamine oxidase (TMAO) either in broth cultures or

/) 
,: 

, I 

,_/ 
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on fish. The occurrence of pseudomonads in sorbate
treated vacuum-packaged fish suggests an ability to utilize 
a compounds, other than TMAO, as an electron acceptor 
for anaerobic respiration, while at the same time being re
sistant to the inhibitory effect of sorbate. 

The composition of the flora of aerobically stored fish 
with no added sorbate remained similar to that found on 
fresh fish. However, Moraxel/a became more significant 
TAB LE 4. M icrojlora of bl11e grenadier stored at 4°C. 

Treatments' Treatments 

V VS A AS V vs A AS 

Genera Initial Oora f'lora aflcr 11 d 

Mor<uel/a 85" SS 35

Flarnbacteria s 10 IS 

Pse11domonas 10 JO so 

Alteromo,ws 
Vihrio s 

Aeromonas 

'Treatments are described in Table I. 
bPcrcent of total. 

so 70 

35 

10 - 95 25 90 

10 5

s 85 5 

5 10 

TABLE 5. Odor scores0 for raw chill stored (4°C) blue gren
adier1'. 

Storage time (d) 

Treatment' 0 4 7 II 14 18 

V 6 4 3 3 2 I 
VS 5 4 3 3 2 3 

A 5 3 2 2 0 

AS 5 3 3 

"Consensus scoring on an unstructured integer scale from O (no 
typical fish odor) to 9 (extremely strong fish odor). 
1'Frozen blue grenadier was scored 5 throughout the trial. 
'Treatments arc described in Table I. 

than Pseudomonas after 11 d. The flora of vacuum-pack
aged fillets without sorbate was comprised of a high prop
ortion of Vi brio spp., with lower numbers of Alteromonas

and Aeromonas. Vibrio spp. were shown to be active spoil
ers-in vacuum-packaged scallops (3 ,4), where low oxygen 
tension inhibits strict aerobes. 

Raw odor scores , / 
. The blue_ grenadier did not have an intense fi�h od_or, rat- v' / 
mg approximately 5 on X a O to 9 scale. This rating de- ,,·; 
creased at each sampling time, particularly for fish in treat-
ments A and AS (Table 5). The off-odor scores and com
ments (Table 6) clearly indicate the rapid development of 
objectionable odors in fish in treatments A and AS. Off
odors developed more slowly and were less objectionable 
in fish in treatment V, whereas fish in treatment YS did not 
develop objectionable odors, although pack to pack varia
tions within samplings were evident. 

Profile panel 

Although the procedure used for this panel was similar 
to that reported by Quarmby et al. (15), the present results 
are listed in tabular, rather than the previous graphic, form. 
Attributes which were erratically or sporadically scored 
were deleted from the results. There were no substantial 
differences in the odor and flavor profiles for the fish as
sessed at the start of the experiment or for those assessed 
after frozen storage for 4, 7 and 11 d. Hence the eight sets 
of results for both odor and flavor were combined to form 

. a profile against which the results of storage within and be
tween treatments could be compared. For convenience, 
panel total scores have been displayed (N.B. JO tasters). 
The profiles for odor (Table 7) and flavor (Table 8) list the 

TABLE 6. Off-odor scores° and comments for raw chill stored (4°C) blue grenadier" .

Treatment' 4 

v----·1(,\ 
Floury 
Baby powder 

vs 

Sweet 
Slightly pungent 

A 2 

Pastry 
Doughy 
Sour 

AS 
Bland 
Plastic bag 

7 

2 
Pungent 
(like HCL) 

Bland 

3 

Sour milk 
Old pastry 
Yeast 

Bland 
Slightly sweet 

Storage time (d) 

II 4 

2 4 
Sweet Ammoniacal 
Metallic Sharp 
Musty Fruity 
Pasty Checsey 

2 2 
Whey-like Sharp 
Sour Floury 

5 7 

Sour Old whey 
Tropical fruit Old pastry 
Old vegetables Ammonia 
Unacceptable Fruity 

4 6 
Sour tropical Floury 

fruit Doughy 
Pineapple cans Pineapple cans 
Sulfides Fruity 

Chcescy 
"Consensus scores on an unstructured integer scale from O (no off-odor) to 9 (extremely strong off-odor). 
hFrozen blue grenadier odor described as salty, fishy, floury paste. 
'Treatments arc described in Table I. 

18 

6 
Sour 
Sulfidcs 

Pasty 
Slightly pungent 

9 
Blocked drains 
Sweet floral 
Fruit 
Sour old grease

traps 
7 

Sour sinks 
Fruity 
Sweet 
Sour 
Drains 

\ 

1,..· .. 
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TABLE 7. Odor profile of stored blue grenadier.

Trealments• 

V vs A AS 
: . Frcsh/Fro1.cn S1orage lime (d) 4°C S1oragc 1imc (d) 4°C S1oragc time (d) 4°C Slorage time (d) 4°C l; 
: ' 
j \ 

Attributes Mean (n)" 2 S.D. 4 7 11 4 7 11 4 7 11 4 7 11 • j 
I' 
·-j Boiled fish 18.0(8.9) 6.5 22( l0t 25(10) 20(9) 26d(l0) 13(9) l ld(7) 15(9) 13(8) 3d(3) 18(9) 16(10) 9d(6)

,l 
Milk (boiled) l.5( 1.3) l.5 3(3) l ( l) 6d(4) l ( l) l ( l) 2(2) l ( l)

Milk (sour) l (I) 4(3) 2(2) 

11 
Burnt 5.1(4.1) 5.3 5(3) 4(3) 6(5) 3(3) I 2d(8) 4(4) 10(5) l(l) I ( l) 4(3) 4(3) 3(3) 
Sweet 1.4(1. l) 2.6 l ( l) 4(3) 3(3) 3(2) l(l) l(l) 2(1) l ( l) 3(2) I(l) . ' 

Tropical fruit esters I (l) 15(7) 4(4) l (I) 14(7)
Boiled meat (beef) 1.6( 1.4) 2.8 I ( l) 3(2) 1(1) 2(2) 2(2) l ( l) 2(2) 7d(5) l ( l)
Potatoes (boiled) 3.8(2.5) 5.3 3(2) 4(3) 6(5) 8(5) I ( l) 2(1) 3(2)
Cardboard 2.1(1.6) 4.7 2(1) 2(2) 7(5) 2(2) l (I) 6(6)

1'. Musty (dry) 1.6(1.4) 2.8 6(3) 4(3) 3(3) 2(2) 3(2) 1(1) 1(1) 3(2) l(l) 4(3) 

' ' Potatoes (baked) 2.5( 1.8) 6.8 2(2) 2(2) 3(2) 4(3) I (l) 4(3) l (1) I (1) 2(2) 2(1) 5(3) 
l Cheesey l ( l) 1(1) 2(1) 22( 10) 

. Ammonia (amine) 1.1(0.9) 3.6 2(1) 1(1) 3(2) 6d(5) 3(2) I I d(5) 6d(5) 1(1)
Sulfide 4(2) l (1) 1(1) 2(1) 9(4) 2(2) 9(5) 
Sour cloths 4(3) l (I) 3(3) 2(2) 3(3) 10(4) 5(3) 17(9) 2(1) l (l) 6(4) 2(1) 
Body odor 1(1) 7(4) l (I) 1(1) 3(3) I (1) 
Dirty socks 2(1) 3(2) 16(6) 10(4) 1(1) 7(�)
Urinal 8(6) 3(1) 3(2) 

: 
Pungent 3(3) 2(1) 1(1) 9(4) 5(3) 1(1) 1(1) 

Wet straw 5.5(4.0) 6.3 7(5) 6(5) 7(5) 7(3) 3(2) 1(1) 5(2) 2(1) 1(1) 4(4) 
Odor (intensity) 22.8(9.4) 8.4 21(10) 27( l 0) 24(9) 29(10) 20(9) 17(9) 19(9) 19(9) 9d(7) 18(8) 17(9) 19(9)

.Off-odor 8.3(5.4) 4.8 13(7) 8(6) 17d(I0) 9(6) J7d(l02 20\9) l7d(8) 29d( l 0) 39d(9) 16d(9) l6d(8) 25d(9) 
"Treatments are described in Ta ble I. 

}) \-
bMean of 5 fresh and 3 frozen samples; (n) averag e numb er of panclists contri buting to that mean. 

\ 1. \. . , "Tot al pan el score and in brac kets number of panclists contributing to that scor e . .2 I J '  .. - ... dSignificant changes, valu es higher or lower than the mean for the fresh frozen s amples by st andard d eviations. 
!.. 
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TABLE 8. Flavor profile of stored blue grcruulicr. 

Treatments' 

V VS A AS 

Frcshil'roicn Storage time (d) 4°C Storage time (d) 4°C Storage time (d) 4°C Storage time (d) 4°C 

Anributcs Mean (n)" 2 S.D. 4 7 II 4 7 II 4 7 II 4 7 II 

8oiled fish 17.9(8.9) 4.6 I 8°( 10) 19(9) 16(9) 21( 10) 10d(6) 11''{7) 24''(10) 7"(6) 2''(2) 21(9) 12d(7) 5d(5) 
Sweet 6.8(4.3) 6.2 12(7) 4(3) 1(1) 7(6) 9(6) 2(2) 4(4) 1(1) if(0) 12(8) 2(2) 1(1) 
Salty 0.8(0.8) 1.8 1(1) 2(2) 1(1) 5d(5) 2(2) 3(3) 1 (I) 
Ditter 1.5( 1.5) 2.6 4(3) 1(1) 6'1(4) 9d(6) 8d(5) 6d(5) 8d(6) 6d(3) 5d(5) 10d(6) l ld(5)
Metallic 1(1) 1(1) I ( 1) 2(1) 4(4) 1(1) 
Astringent 0.9(0.8) 1.7 1 ( 1) 1 ( 1) 1(1) 2(1) 2(2) 4d(2) 2( 1) 2(2) 8d(6) 1 ( 1) 
Sour 2(2) 3(2) 3(2) 3(3) 11 (5) 6(2) 4(4) 10(6) 10(4)
Burnt 0.9(1.0) 1.8 3(3) 1(1) 2(2) 1 (1) 1 ( 1) 2(2) 2( 1) 1(1) 
Milk (fresh) 1.3( 1.3) 2.8 1(1) 3(3) 1(1) 2(2) 1(1) 3(3) 
Rancid 4(3) 3(2) 10(4) 7(7) 2(2) 1 (I) 
Sardines (canned) 1.8( 1.3) 4.6 8d(6) 2(2) 2( I) 1(1) 1(1) 

Greasy 2.4(2. l) 4.0 l ( l) 2(2) 2(1) 2( I) 2( l) 3(1) 1 (I) 
Waxy 4.5(3.8) 4.8 6(4) 7(5) l ld(7) 2(2) 3(3) !0d(6) 8(6) 7(4) 5(4) 10d(6) 4(3) 8(6) 
Soapy 2.3(2.0) 3.6 3(3) 4(4) 7d(5) 4(3) 7d(4) 7d(5) 3(2) l ld(6) J3d(7) 4(4) 9d(5) 17d(9)
Potatoes (boiled) 5.8(3.9) 5.2 7(4) 9(6) 4(3) 8(5) 3(2) 4(3) 4(3) 3(2) 2(2) 2(1) 0d(0) 
Meaty (roast) 3.0(2.0) 5.0 4(3) 2(2) 5(3) 3(2) I ( 1) 2( I) 1(1) 
Cardboard 7.0(5.0) 8.8 5(3) 10(7) 9(7) 7(4) 12(8) 10(6) 11(8) 13(7) I (I) 9(5) 7(5) 6(3) 
Musty (dry) 3.5(2.5) 4.2 3(3) 2(2) J0d(6) 6(4) 2(2) !0d(6) 2(2) !0d(4) 2(2) 3(3) 3(2) I 7d(9) 

Grassy I (I) 1 (I) 2(1) 1 (I) 1(1) 3(2) 3(2) 4(3) I (I) 4(3) 

Flavor (intensity) 24.8(10.0) 4.8 21(10) 25(10) 20(10) 21 (I 0) 22(10) 21(10) 24(10) J 5d(9) 4\4) 26(10) 20(9) I 3d(I 0) 
Off-flavor 8.8(6.4) 3.8 11(9) 9(7) J 7d(9) 10(8) 13(7) J6d(9) 17d(l0) 22d(9) 40d(l0) l 6d(9) J9d(9) 33d( I 0)
rr'reatments are described in Table 1. 
bMean of 5 fresh and 3 frozen samples; (n) average number of panclists contributing to that mean. 
'Total panel scorea and in brackets the number of panelists contr ibuting to that score. 
dSignificant changes, values higher or lower than the mean for the fresh/frozen samples by 2 standard deviations. 
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mean

1 
panel total score for the eight fresh/frozen samples, treatments V, VS and F after 14 d (9 tasters) and VS and 

the average number of panelists contributing to that mean, F after 18 d of storage (9 tasters) are shown in Fig. 3. The 
the value of two standard deviations (S.D. ) of the mean, results up to 11 d were subjected to analysis of variance. 
the panel total scores for each treatment on each of the Fish in treatment A had a significantly lower score (P< 
sampling days, and, in brackets, the number of panelists 0.05) after 4 d than fish in treatments F, V and VS. After 
contributing to that total. Panel scores which were greater 11 d of.storage, foh in treatments V and VS had signific-
than two S.D. from the mean for the fresh/frozen fish were antly lower scores (P<0.05) than the fish in frozen treat-
considered to be significant changes from that mean and ment F, but were not significantly different from each 
are marked by an asterisk. Note also that where scores for other. Five of nine panelists rejected treatment V after 
an attribute increase or decrease during storage, this is gen- 1 4  d, the remaining four giving a mean overall acceptabil-
erally reflected in the number of tasters who scored that at- ity score of 1.5. After 18 d of storage, fish in treatment VS 
tribute. was rated 0.8 scale units lower than fish in treatment F. 

The panel described the main odor attributes of blue gre- The fish at the start of the experiment and the frozen sam-
nadier as boiled fish, wet straw, burnt and potatoes (both pies were never rated highly, a result typical of this type of 
boiled and baked), with an off-odor intensity equivalent to panel. There were several reasons for this: (a) the fish were 
slight. The main f1avor components of blue grenadier as prepared and presented in an unprepossessing manner and 
described by the panel were boiled fish, cardboard, sweet, (b) the panel was trained to be highly critical. More impor-

J boiled potatoes, waxy, dry musty and meaty. There was no tantly, the ratings are a valid judgment oLthe fish and a re-
�(rJ�ss in boiled fish odor.pf f1avor in treatment V during star- flection of its current low market value, even when it has

age,oiJl-significarit losses occurred in the other three treat- been well-handled and is in quite good condition (low
ments. Bitter, soapy and musty dry flavor notes were de- bacterial counts, low TMA).
tected in the fresh/frozen fish and increased significantly in 
all treatments. An ammoniacal odor was detected in both CONCLUSIONS 

aerobic treatments after 4 d of storage. 
Descriptors which were not present initially could not be 

assigned S. D. values. A summary of the appearance of 
these undesirable attributes is listed in Table 9. With the 
exception of an odor of sour cloths, these descriptors were 
limited to the aerobic treatments or only appeared on the 
eleventh day of storage in the vacuum-packaged treatment. 
This was probably due to the differences in bacterial num
bers (Fig. 2) rather than to differences in spoilage or-
ganisms. 

Overall acceptability (Smiley) 
Overall acceptability results for fish in all treatments as

sessed after 0, 4, 7 and 11 d of storage ( 10 tasters), in 

TABLE 9. S11mmary of 11ndesirab/e a11rib11tes appearing d11ri11g 

storage. 

Day of first appearance' 

Amibute yb 
VS A AS 

Odor 

Sour cloths 
Urinal 
Pungent 
Sour milk 
Tropical fruity esters 
Cheesey 
Sulfidc 
Body odor 
Dirty socks 

Flm·or 

Metallic 
Sour 
Rancid 
Grassy 

'Only those attributes detected by over 
listed. 
lrfrcatmcnts arc described in Table I. 

4 7 4 7 

11 7 7 

11 7 

11 
11 4 

11 
11 II 

7 7 

7 7 

4 

4 4 

4 4 

4 

33% of the panel arc 

Potassium sorbate at a level as low as 0. 1 % clearly has 
no effect on the shelf-life of aerobically stored fish (initial 
pH 6. 7), but it did have a noticeable preservative effect on 

Smiley scale 

·7

6 

5 

4 

3 

2 

evacuum packaged 

0 Vacuum packaged plus sorbate 

A Aerobic 

8Aeroblc plus sorbate 

II Frozen 

1 �---''----1-----L---L----' 

4 7 1 1 14 18 

Storage time (days) 

Figure 3. General acceptability of blue grenadier stored at 4°C. '\ 



vac11um-packaged fish at this pH, as judged by bacterial 
numbers, TMA levels, acceptability and raw odor scores. 
Treatment with sorbate did not maintain the initial quality 
of the product and this may have been due, in part, to vari
ation in pH between fish pieces or to uneven application of 
the solution which in industrial practice would more likely 
be applied more efficiently as a spray or by dipping. 

Inhibition of the normal spoilage nora by additives such 

9. Fey, M. S. 1980. Extending the shelf life of fresh fish by potassium
sorbate and modified atmospheres. Ph.D. Thesis. Cornell Univer
sity, Ithaca, NY. 

10. Gray, T. J. n. 1980. Toxicology. pp. 53-73 In R. H. Tilbury (ed.) 
Developments in food preservatives I. Applied Science Publishers
Essex, England.

11. Hendrie, M. S., and J. M. Shewan. 1979. The identification of
pseudomonads. pp. 1-12 In F. A. Skinner and D. M. Lovelock (eds.)
Identification methods for microbiologists. Academic Press, London.

12, 1-luhtanen, C. N., F. B. Talley, J. Feinberg. and J. G. Phillips. 1981. 
Flavor and antibotulinal evaluation of sorbic acid-containing bacon. 
J. Food Sci. 46:1796-1800.

13. Manin, R. E. (eds.). 1981. Proceedings of the firs! national confer
ence on modified and controlled atmosphere packaging of seafood
products. National Fisheries lnstilute, Washington, DC.

as sorbate, which results in a product of lingering low 
quality, may not be desirable. Such conditions may give 
Clostridiwn botulinum the opportunity to success[ully •/ 
compete with the red

t
ed bacteria_! load. This then p��ces ',,

more emphasis on th eed for stnngent temperature con-
/_,tr"ol beio(v 4°C-arid, eliance on adequate cooking of the 

14. McMeekin, T. A., L. Hulse, and H. A. Bremner. 1982. Spoilage as
sociation of vacuum packed sand flathead (Plarycephalus ba.uemiJ) 

fillets. Food Technol. Aus1}l 34:278-282.

\j 

product before consumption. 
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Effect of Potassium Sorbate on Refrigerated Storage 
of Vacuum Packed Scallops 

H. ALLAN BREMNER and JO A. STATHAM

--------ABSTRACT-------

Scallops (Pee/en alba) were packaged aerobically, vacuum packaged, 
treated with 0.1'.:; K-sorbate then packaged, or vacuum packaged 
and frozen. The initial t1ora was predominantly Vibrio which grew 
well in the aerobic packs(~ 108 c.f.u./g after 6 days at 4°C) and in
the vacuum packs ( ~ 10 7 c.f.u./g after 6 days 4 ° C). The microbial 
counts in the sorbate-treated scallops were low(~ 103 c.f.u./g) after 
6 days at 4° C and rose to [QS c.f.u./g by 22 days, remaining at this
level until the experiment ended after 48 days. Extensive use of 
taste panels as an evaluative tool enabled construction of odor and 
f1avor profiles which showed clearly the nature of the changes that 
occurred during storage. ·n1e sorbate-treated scallops stored for up 
to 28 days at 4° C remained as acceptable as the frozen controls.

INTRODUCTION 

VACUUJ\I PACKAGING of raw fish products for chilled 
storage has not resulted in the substantial shelf life exten
sion that can be gained with red meats. The principle dif
ferences in spoilage patterns are due to: the presence in 
sea foods of trimcthylamine oxide (TMAO) an osmoregula
tory compound. which is reduced by bacteria to trimethyl
amine (T:-SIA) during anaerobic respiration; relatively low 
postmortem glycogen levels, resulting in a relatively high 
pH; and the apparent scarcity of indigenous marine lacto
bacilli which would maintain a pH low enough to inhibit 
the normal spoilage organisms. in particular A/teromonas. 

Adjustment of pH with citrate buffers in conjunction 
with addition of glucose was shown to alter the spoilage 
association of vacuum packaged sand flathead fillets (Mc
Meekin et al., 1982). There was no improvement in shelf 
life due to changes in appearance and odor. Vacuum pack
aging alone, and in the presence of added lactobacilli, did 
not increase the shelf life of scallops, since the indigenous 
flora of Vibrio spp. was capable of growth and spoilage 
at a rate similar to that occurring in aerobically packed 
scallops (Bremner and Statham, 1983). 

Potassium sorbate may effectively extend the shelf life 
of packaged fish. Debevere and Voets ( 1972) showed 0.135% 
K-sorbate almost completely inhibited the spoilage of cod
fillets for 6 days by slowing the growth of bacteria capable
of producing TMA. Chung and Lee ( 1981) found the pres
ence of 1.0% K-sorbate extended the lag phase to over 6
days at 0° C but did not alter the spoilage flora of flounder
homogenate stored aerobically.

This paper reports the results of the effects of vacuum 
packaging, w ith and w ithout added 0.1 % K-sorbate, on the 
shelf life of chill-stored scallops as assessed by microbiology 
and sensory profile methods. 

MATERIALS & METHODS 

THE SCALLOPS were caught off the South East Coast of Tasmania 
in November, 1981, and were taken to a local factory for the normal 
washing and shucking process. Immediately after shucking, the 
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scallop meat, complete with roes, was packed in polythene bags in 
ice and taken to the laboratory where it was stored overnight. 

For allocation to treatments the scallops were weighed into four 
4 kg lots. Each treatment (Table 1) consiste.d of 14 bags each con
taining approximately 16 scallops. Forty ml of 10% K-sorbate (food 
grade, �!auri Tasmania Co.) were added to the 4 kg of scallops in 
treatment S (0.l'k K-sorbate w/w) contained in a plastic bag. The 
solution was mixed immediately through the scallops by gentle 
kneading of the bag. For the vacuum packed scallops a vacuum 
of 25 mm Hg was drawn using a Boss packaging machine, equipped 
with a heat sealer. 

Two packs from each treatment were opened initially and after 
storage for 2, 6, 9 and 13 days. Single packs from all treatments 
were opened after storage for 22 and 29 days and from treatments 
S and f only after 48 days. Immediately after sampling the experi
menters recorded their impressions of raw odor, using the thawed 
frozen samples as a reference. 

Analytical 

Crude protein was measured by the method of Rexroad and 
Cathey (1976) and glycogen by that of Carroll et al. (1956). The pH 
of the scallop t1esh was determined using an Orion pH meter equip
ped with a spear electrode. Moisture contents were determined by 
oven drying at 105°C to constant weight.

Microbiology 

. Sampling. One scallop was removed from each pack, weighed 
and homogenized for 3 min using a Colworth Stomacher. Serial 
decimal dilutions were spread plated onto Nutrient Agar containing 
2.5% NaCl (SNA). The medium of de Man et al. (1960) adjusted to 
pH 5.5 with lactic acid (MRSs.sl and the medium of Gardner 
(1966) were used to estimate numbers of presumptive lactobacilli 
and Brochothrix thermosphacta respectively. All plates were incu
bated at 22°C for 3-5 days. MRSs.s plates were flooded with 3%
H202 and only catalase negative colonies were counted. Gardner's 
medium was Hooded with Kovacs oxidase solution and only oxidase · 
negative colonies were counted. Plates were flooded only when iso
lates were not required for further identification. 

Identification of isolates. Colqnies were isolated randomly from 
SNA plates inoculated with samples taken after 0, 6 and 13 days 
storage. In all cases 20 isolates were taken from each duplicate 
sample, giving a total of 40 isolates from each treatment at each 
sampling time. Gram negative isolates were identified by the scheme 
of Shewan et al. (1960). Gram positive isolates were identified ac
cording to Bergey 's Manual of Determinative Bacteriology (Buchanan 
and Gibbons, 1974 ). 

Statistical methods. Analysis of variance followed by deter
mination of least significant differences was used to differentiate 
treatment effects. 

Profile panel 

The profile panel consisted of 10-15 staff members experienced 
in assessing seafoods and in the profile technique. Training sessions 
on fresh and chill-stored scallops were held in the weeks before the 
start of the experiment. Scallops from each treatment were cooked 
sequentially to a center temperature of 70-7 5° C in stainless steel
bowls in a water bath set at 85°C.

The sequence was randomized at each assessment time and the 
samples identified by a two-digit code. Panelists were not aware that 
one sample was a frozen control (treatment F). All four treatments 
V, S, f and A were assessed after 0, 2, 6, 9, and 13 days storage, 
while treatments S and F only were assessed after 22, 29 and 48 
days storage. Two bowls containing the cooked scallops were pre
sented to the panelists who were grouped around the table. Panelists 
sniffed the cooked scallops and independently marked their impres-



Table 1-Summarv of treatments 

Storage Sampling 
Code Treatment temp (° C) times (Days) 

V -Vacuum Vacuum packaged in barrier bags a 
4 0,2,6,9, 13,22,29 

S - Sorbate Treated with 0.1% K-sorbate 
vacuum packaged in barrier bags 4 0,2,6,9, 13,22,29,48 

F - Frozen Vacuum packaged in barrier bags -18 0,2,6,9, 13,22,29,48 

A - Aerobic Packaged in polyethylene bags 
tied at the neck 4 0,2,6,9, 13,22,29 

a Cryovac U gauge, W.R. Grace Pty. Ltd., Melbourne. Nominal O.T.R. (unshrunk) 3.5 ml m-2 24 h-1 atm-1 at 3.5° C and 75% R.H. 

Table 2-Chemical composition of fresh scallops 

Protein (g/1 00g) 19.8 (S.E. 0.32) 

Moisture (g/100g) muscle 78.8 (S.E. 0.21) 
roe 78.8 (S.E. 0.22) 

Glycogen - muscle 1.7% 
- roe 0.4% 

% roe 30.9% 

sions on the odor profile sheets. These sheets listed nearly 70 
attribu tcs which had been found, from experience, to be useful in 
describing the odor of seafoods in general and scallops in particular. 
Each attribute selected was scored on a scale from 0 (absent), 1 
(slight), 2 (moderate), 3 (strong), 4 (very strong), to 5 (extremely 
strong) (Anon., 1977). Scallop odor intensity and off odor intensity 
were marked on the same scale. The panel leader then conducted a 
short session of exchange of impressions at which panelists were 
free to amend their sheets if they wished. Each panelist then tasted 
a scallop and recorded his or her flavor impressions on the same 0 to 
5 scale on a flavor profile which listed 70 attributes (similar, but not 
necessarily the same as those listed in the odor profile) including 
intensity of scallop flavor and off flavor. General acceptability was 
marked independently on the General Foods "Smiley Scale." 
Panclists were asked to use this scale in the following manner. "See 
which face most clearly conveys your impression of the product 
than write down the score corresponding to this face." The scale of 
seven faces was used with a score of 1 corresponding to the lowest 
acceptability and 7 corresponding to the highest acceptability. A 
discussion session followed, then the next sample was assessed for 
odor and Oavor. For the scallops assessed after 0, 2, 6, 9 and 13 
days of storage ten panelists were common to all sessions while for 
the assessment after 22, 29 and 48 days five of these panclists were 
prcsen t on each occasion. 

RESULTS & DISCUSSION 

Chemical composition 

Table 2 shows the results of the chemical analyses per
formed on the fresh scallops. 

pH changes. Initial surface pH values of scallops decreased 
rapidly during the first 2 days of storage (Fig. 1) to below 
pH 6.0, in the aerobic and vacuum packaged treatments. 
Surface pH values of chill stored scallops became signifi
cantly higher (p < 0.01) than flesh values during storage, 
while there was no such difference in the frozen scallops. 

Bacterial numbers. Bacterial numbers in treatments A 
and V increased rapidly during the first 6 days of storage 
with no evident Jag phase (Fig. 2). Counts from scallops to 
which K-sorbate had been added decreased from I x 104 

c.f.u./g to below I x 103 c.f.u./g after 2 days, suggesting a
bactericidal effect on the initial flora. An extended Jag
phase lasted for 13 days, after which time bacterial numbers
increased to a maximum of 2.5 x I 05 c.f.u./g.

No lactobacilli or B. thermosphacta were detected on 
selective media used only after 13 days in storage. The pres
ence of these genera found previously on scallops (Bremner 
and Statham, I 983) and their apparent absence in this case 
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Fig. 1-Surface pH readings for stored scallops. (Freehand curves 
. drawn through data). 
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may be due to seasonal variation, such as stage of spawning 
cycle, or different handling practices which affect con
tamination during processing. 

Table 3-Changes in bacterial flora on scallops stored at 4
°

C 

Genera presen1. ';-:, oi tot a\ 

Aero· Coryne- Pseudo- Acmeto· 

Storage 

time 

(days) Tr�atrnent Vibno rnonas forms monas bacter Enterics 

0 V- Vacuum 95 5 

packaged 

s Vdcuum 95 5 

packaged 

- sorbate 

A- 1-\erotJ1c 100 

5 V- Vacuum 100 

pac kaqed 

s - Vacuum 100 

packaged 

+ sorbate 

A- Aerobic 100 

13 V- Vacuum 85 15 

packdqed 

S- V.icuurn 25 25 35 5 10 

pac kaqed 

+ sorbate 

A- Aerobic 100 

Odor profiles 

score 

Attributes 
0 2 3 0 2 3 0 

seaweady IF IEE 

shellfish 6.3 lE:= iE:---
milk (boiled) I sf-

milk (sour) :c_ ie:::::::-
caramel sl- lF----

burnt sf- It:=-

sweet d:::· lF--
potatoes (boiled) q: .. 

boiled cabbage : c.- lF 
buttery (hot) 

l C. sl-

old !E : 
cheesey :c.. 15::::.-

4.1 :c. lf=--

(a) I (b) sf-

1e:::- lE=:=:

:c:. ,L

le-- !C.

:c- : c:.... 
sour cloths lE=::"" Ip;::: 

body odor !E:_ ,L-
dirty socks ie:::=::- \!-,,,; 

,L ;E 
punge,nl ie:= H= 

3.4 q:: l E-
canned peas I sf--

roast moat 
0 ,L :c:_ 

hot mussel shells o !� le::.. 
odor 9.1 l � IC-

5.6 l l 

Bacterial flora. The initial bacterial flora of fresh scallops 
was similar to that found previously (Bremner and Statham, 
1983) with a predominance of Vibrio spp. (Table 3). Vibrio 

spp. persisted throughout storage to become the spoilage 
flora of both aerobic and vacuum packaged scallops. The 
initial rapid decline in pH to below 6.0 may have excluded 
Altermonas spp. from the flora. The flora of scallops with 
added K-sorbate remained ~ 100% Vi brio spp. after storage 
for 6 days, but by 13 days this proportion had decreased to 
25%. Aeromonas spp. and pseudomonads then represented 
25% and 35% of the total flora, respectively. 

Chung and Lee (1981) found Pseudomonas spp. were 
the dominant spoilage organisms in homogenates of English 
sole, whether K-sorbate at levels of 0.1 and 1.0% was pres
ent or not. In the present work, however, the initial flora 
was susceptible to the action of K-sorbate and a spoilage 
flora different from the initial flora resulted. In contrast, 
treatment A scallops were almost too objectionable, even to 
the authors, to be assessed after 29 days at 4 °C. There are 
obvious differences in the nature of the odors of the scallops 
in treatments V and A even though the organisms in both 
were predominantly Vi brio, which appeared to be alike by 
all the tests used. The difference may be due to the fact 
that in treatment V the organisms were active anaerobically 
whereas in treatment A they were active aerobically. Fur-

Odor difference profiles 

score 

2 3 4 -1 0 2 -2 -1 0 2 

I 

J. j; 
I 

.L :c:-
sf- •I--

I s I-

I s I-

I I 

I 

:r : 

,L :t:.... 

I 
(c) (d) s I- (e) 

: c::- le:= 

; c:::. ,L 

:c:-- :t:... 

T .L 

,L-.. 

:c:... ,L-

:c- :r:: 

,L ii:. 
:c :c::::.. 

J' 

I 
I :c:_ 

·r- IC.. 

,.::al ....:::::J: 

:c-- : 

Fig. 3-0dor profiles of (a) fresh/frozen scallops, (b) scallops stored at 4
°

C for 6 days, (c) scallops stored at 4
°

C for 13 days and odor difference 
profiles (d) and (e) for the same stored scallops respectively. Odor difference profiles represent the amount by which attributes changed more 
than two S.D. from the means in 3a: c=J mean and tt++-+-.,.. one S.D. range above and below mean of eight profiles for fresh/frozen 
scallops; bars represent in order treatment V, S and A (see Table 1 ). The numbers shown in Fig. 3a represent the mean number of pane lists who 
scored the attribute as being present. 
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thermore, the packaging materials, barrier bags and poly
ethylene respectively, would have different permeabilities 
to the various odorants. 

Panel profiles 

The scores for both odor and flavor attributes generated 
by the profile panel were generally low. The higher cate
gories, very strong and extremely strong were seldom 
scored. These categories are absent from the profile scales 
used by NLABS ( 1980). However, it was not mandatory for 
the panelists to score all attributes and hence the resulting 
zero scores (absent) contributed to the low means. Low 
scores also reflect the fact that many of the attributes listed 
are not necessarily desirable, but, when present at low levels, 
they give subtlety and nuance to the product. As a corollary 
it appears that higher scores for any one attribute result in 
lower acceptability. In both the odor and flavor profiles 
several attributes were not consistently scored and were 
deleted from the results. There were no differences of 
consequence between the profiles of the four lots of scal
lops stored frozen for 3, 6, 9 and 13 days and those of the 
four treatments assessed at the start of the experiment. The 
eight profiles were pooled and the overall mean, standard 
deviation (S.D.) and mean number of panelists registering 
each attribute are plotted for odor and flavor in Fig. 3a and 
4a, respectively. The profiles for scallops in treatments V, S 
and A stored for 6 and 13 days at 4 °C arc shown in Fig. 3 b 
and 3c for odor, and Fig. 4b and 4c for flavor. 

Flavor profiles 

score 

0 
Attributes 

2 3 0 2 3 0 

sweet 
8.8 ic::z.._ iCL 

a alt y ic= i=:-
bitter iE=:- i 

metallic H:::-- ii:=. 
astringent ie- i5=-

sour iS::-- ii= 
acrid ·r l� 

creamy }I:- +--

milk (sour) : c:::: lE.-
buttery le: .L 

cheesey !e:=- lE:-
boiled cabbage (a) iE (b) 11::.-

blood lt=-- iE?-
liver ic::=- lE-

:c_ i I:::_ 
canned peas iE:- i&

.L sf,--

I ·r

6.0 iE=- iE=-
baby veg 

shellfish i5:.::... if=--
flavor 9.9 i 1E 

off flavor 

Changes in profile for the scallops stored for 6 and 1 3 
days at 4°C have been displayed as 'difference profiles'; 
Fig. 3d and 3e for odor differences, and Fig. 4d and 4e for 
flavor differences. These difference profiles represent values 
for those attributes which were greater or smaller by at 
least two standard deviations from the means for the fresh/ 
frozen scallops. Where the attributes lay within the range of 
the mean ± two S.D. no bar is plotted, while values greater 
than this range are plotted on the positive side of the ordi
nate with values less than the range on the negative side. On 
some occasions zero scores for some attributes resulted in a 
relatively large S.D. in comparison to a low mean score. 
When two S.D.s are subtracted from these low scores the 
result is a bottom range of zero. Thus some original attri
butes which were lost in the stored scallops do not appear 
in the difference profile. It is not certain whether the S.D.s 
for the fresh/frozen scallops are applicable to the stored 
scallops but despite this and the above consideration the 
difference profiles are a practical way of looking at the stor
age changes. 

The major components of the odoJ profile (Fig. 3a) were 
described as shellfish, carrots, parsley, sweet, potatoes and 
buttery while the flavor profile was dominated by sweet, 
carrots and, to a lesser extent, other vegetable-like attributes. 

The changes that occurred during storage are best seen 
from the difference profiles. After 6 days at 4 °C there were 
significant changes in the profiles of the scallops in treat
ments V and A in which objectionable odors and flavors 
had formed (Fig. 3d, 4d). The cheesey, sour milk, yoghurt 

Flavor difference profiles 

score 

2 3 -2 -1 0 2 -2 -1 0 

---:i: -=i: 

I 

le:=- ie::__ 

I I 

·r lb:::::-

·r ,L.,._ 

I ·r
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:c::__ iE........ 

.L-

:c:- .L.. 
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..J, -,,
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Fig . 4-Flavor profiles of (a) fresh/frozen scallops, (b) scallops stored at 4
°

C for 6 days, (c) scallops stored at 4
°

C for 13 days and f!avor differ
ence profiles (d) and (e) for the same stored scallops respectively . Flavor difference profiles represent the amount by which attributes changed 
more than two S.D. from the means in 4a: C:::::J mean and♦••• O ••one S.D. range above and below mean of eight profiles for fresh/frozen 
scallops; bars represent in order treatments V, Sand A (see Table 1). The numbers shown in Fig. 4a represent the mean number of panelists 

who scored the attribute as being present. 
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and acid flavors and odors presumably were formed from 
fermentation of sugars as indicated by the concomitant 
decrease in sweetness. There were few changes in the pro
files of scallops in treatment S (Fig. 3d, 4d) but after 13 
days at 4

°

C some changes unique to this treatment such as 
burnt, sweet, caramel, lemon odors and spinach flavor were 
noted (Fig. 3e, 4e). Further deteriorative changes were 
evident in the profiles for scallops in treatments V and A 
after 13 days storage (Fig. 3e, 4e). 

After 22, 29 and 48 days storage the frozen scallops 
(treatment F) had profiles similar to those in Fig. 3a, 4a. 
The profiles of treatment S scallops showed loss of some of 
the subtle attributes such as buttery (hot) odor and cabbage 
and blood flavors. By 48 days storage odor scores for 

0 

S miley Scale 

7 

6 

\ 

"Vacuum packaged 
Ill Vacuum packagod plus sorbate 

♦ Frozen 
• Aerobic 

2 6 9 13 22 29 48 

Storage time (days) 

Fig. 5-General acceptability of stored scallops . Smiley scale cour
tesy of General Foods Corporation. (Freehand curves drawn through 
data). 

caramel and burnt had declined, lemon was still evident 
and the scores for boiled cabbage, cheesey and sour cloths 
were significantly larger. In the flavor profile there were 
significantly lower scores for sweet carrots and canned peas 
and very high scores for bitter (2.4 scale units), acrid, 
cheesey ,- rubber and a new attribute soapy ( 1.2 scale units). 
There were many similarities in the profiles of scallops in 
treatment S stored 48 days at 4

°

C to the profiles of scal
lops in treatments V and A stored for only 6 days, which is 
in agreement with the acceptability results on the Smiley 
scale (Fig. 5). 

Intensity attributes. Analysis of variance was done on 
the odor, flavor, off odor, off flavor and Smiley scores. 
There were no significant differences between treatments 
after 2 days at 4 °C. After 6 days storage treatments V and 
A scallops had significantly changed in all attributes (Table 
4 ). No significant difference between treatment S and the 
frozen treatment was evident after 13 days storage, but by 
22-29 days storage differences were apparent. Neverthe
less, Smiley scores were not significantly.lower (Table 5,
Fig. 5) until 48 days chill storage.

Comparison of raw odor with cooked odor and flavor. 
Some of the odors detected in the raw scallops (Table 5) 
were still evident in the cooked scallops of treatment V 
( e.g. the cheesey notes), while the old pastry and sour 
dough smells typical of stored raw scallops in treatment A 
were not evident in either the odor or flavor profile. 

CONCLUSION 

ODOR AND FLA VOR SENSORY PROFILES are a useful 
tool for describing the changes that occur during spoilage 
of chill stored scallops. Attributes found useful in indicating 
spoilage of untreated scallops (packed aerobically or in 
vacuum) were for odor: sour, sour milk, sour cloths, old 
gumboots, dirty socks, putrid and pungent, and for flavour: 
bitter, astringent and sour milk. 

Table 4-Number of days at which significant sensory changes were 
detected in scallops stored at 4

° 

C 

Attribute 

Treat- Off Off Accept-
ment Odor odor Flavor flavor ability 

V 5•• 
6*** s••• 6*** 6** ... 

s 29* 29••· 48*** 29* 22• 

A 6* 6*** s••• 6*** 6*** 

* ** , • • • represent significant differences at p < 0.05, 0.01 and
0.001 levels, respectively, as estimated by analyses of variance. 

Table 5-Raw scallop odors8 

Treatment 2 6 

V sharp, pungent, rubber, 
H2S, acetic, sulphide, 
rotting seaweed gumboots 

s trace H2S, bland, 
slightly fruity plastic, 

floral 

A seaweed, doughy, cheesey, 
acetic, not much old 
odor pastry 

9 

pungent, old 
socks, stale 
babies diapers 

apple juice, 
fruity, stale 
apple 

sour dough, 
pastry 

Storage time (days) at 4 °C 

13 22 

sour, onions, H 2S, sweet, blue cheese 
parmesan cheese, rotting tropical 
pungent fruit, gumboots, 

seaweedy, 
very powerfu I 

slightly pungent, pungent, sulphide 
not clean 

stale scallop pie. sour dough, 
sour pastry, pastry, fruit, 
bloody dark meat (very high off 

odor, but not 
like V). 

a Odor listed did not appear In the thawed frozen scallops which were used as a comparison. 
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dog faeces, 
potent blue 
cheese, watery 
diaorrhoea 

pungent, acid pungent, acetic, 
fresh shellfish 
fresh crayfish 
(nothing object-
ionable) 

sour dough, 
sweet, sickly 
vomit 



Vibrio spp. were confirmed as the sole spoilage organisms 
on vacuum packaged and aerobically packaged scallops. 
With scallops treated with 0.1 % K-sorbate and vacuum 
packaged the population of spoilage organisms was hetero
geneous. Suppression of spoilage and significant extension 
of shelf life was achieved by the addition of 0.1% w/w 
potassium sorbate to vacuum packaged scallops. The K
sorbate had an initial bactericidal followed by a bacterio
static effect on the spoilage. 

Conditions existing within vacuum packs of fish products 
have been shown to allow the growth of Clostridium botu

lin um type E if storage temperatures are allowed to rise 
above 3.3

°

C (Lindsay, 1982). The product normally spoils 
beyond acceptability before toxin production occurs (Ban
nar, 1979), but inhibition of the spoilage flora by the use 
of antimicrobial agents could result in edible products 
becoming toxic after extended periods in storage. Sorbic 
acid and K-sorbate have been shown to inhibit spore out
growth in a number of products, including processed bacon 
(0.13%) (Huhtanen et al., 1981 ), uncured por!< sausage 
(0.1 %) (Tompkin et al., 1974) and in a spore germination 
medium (0.52% (Smoot and Pierson, 1981 ). An investiga
tion into the possibility of C. botulinum growth in K-sor
bate treated scallops would be necessary to indicate the 
safety of this product over a 4-wk storage period. 

REFERENCES 

Anon. 1977. On the handling and preservation of fish and fish prod
ucts. Torry Research Station, Annual Report, p. 10. HMSO Press, 
Edinburgh. 

Bannar, R. 1979. Vacuum-packaging for fresh fish . .. scaling the 
first hurdle. Food Eng, Int. 4(1 ): 56. 

Bremner, H.A. and Statham, J.A. 1983. Spoilage of vacuum packed, 
chill stored scallops with added lactobacilli. Food Technol. Aust. 
35: 284. 

Buchanan, R.E. and Gibbons, N.E. 1974. "Bergey's Manual of De
terminative Bacteriology," 8th ed. Williams and Wilkins Co., Balti
more. 

Carroll, N.V., Longley, R.W., and Roe, J.H. 1956. The determination 
of glycogen in liver and muscle by use of anthrone reagent. J. Biol. 
Chem. 220: 583. 

Chung, Y.M. and Lee, J.S. 1981. Inhibition of microbial growth in 
English sole (Parophrys retulus). J. Food Prot. 44: 66. 

Debevere, J.M. and Voets, J.P. 1972. Influence of some preservatives 
on the quality of prepacked cod fillets in relation to the oxygen 
permeability of the film. J. Appl. Bacterial. 35: 351. 

de Man, J.C., Rogosa, M., and Sharpe, M.E. 1960. A medium for 
the cultivation of lactobacilli. J. Appl. Bacterial. 23. 130. 

Gardner. G.A. 1966. A selective medium for the enumerations of 
Microbacterium thermosphactum in meat and meat products. J. 
Appl. Bacterial. 29: 455. 

Huhtanen, C.N., Talley, F.B., Feinberg, J., and Phillips, J.G. 1981. 
Flavor and antibotulinal evaluation of sorbic acid-containing 
bacon. J. Food Sci. 46: 1796. 

Lindsay, R. 1982. Controlled atmospheric packaging, p, 80. Proc. 
4th Annual Jnt. Seafood Conference, 18-21 Oct. 1981, Munich, 
Germany, International Seafood Conference, Washington. DC. 

McMeekin, T.A., Hulse, L., and Bremner, H.A. 1982. Spoilage 
association of vacuum packed sand flathead (Platycephalus bassen
sis) fillets. Fd. Technol. Aust. 34: 278. 

NLABS, 1980. Consumer and instrumental edibility measures for 
grouping of fish species. US Army Natick Research & Develop
ment Laboratories, Natick, MA. Final Reoort. 

Rexroad, P.R. and Cathey, R.D. 1976. Pollution-reduced Kjeldahl 
method for crude protein. J. Assoc. Off. Anal. Chem. 59: 1213. 

Shewan, J.M., Hobbs, G., and Hodgkiss, W. 1960. A determinative 
scheme for the identification of Gram negative bacteria with spe
cial reference to the Pseudomonaceae. J. Appl. Bacterial. 23: 379. 

Smoot, L.A. and Pierson, M.D. 1981. Mechanisms of sorbate inhibi
tion of Bacillus cereus T and Clostriclium botulinum 62A spore 
germination. Appl. Environ. Microbiol. 42: 477. 

Tompkin, R.B., Christiansen, L.N., Shaparis, A.B., and Bolin, H. 
1974. Effects of potassium sorbate on salmonellae, Staphylococcus 
aureus, Clostriclium perfringens and Clostriclium botulinum in 
cooked uncured sausage, Appl. Microbiol. 28: 262. 

Ms received 12/13/83; revised 3/16/83; accepted 4/1/83. 

The authors thank A.R. Quarmby for compilation of the odor and 
flavor profile sheets. They also acknowledge the skilled technical 
assistance of Maria Ottenschlaeger with the taste panel work, the 
helpful advice and criticism of Dr. T.A. McMeekin and the assistance 
of the Fishing Industry Research Trust Account who provided 
finance under a research grant. 

PROPERTIES OF FRANKFURTER-TYPE SAUSAGES ... From.page 1038 ______________ _ 

when postrigor pork with 4.0 vs 2.0% salt was used, mois
ture contents of sausages decreased. Although not conclu
sive, the interaction between rigor-state and levels of salt 
in preblends suggests that the higher level of salt (4.0%) is 
more effective for hydrating proteins and retaining mois
ture in cooked sausages when prerigor pork rather than 
postrigor pork is used. 

Correlation coefficients may be used to indicate the 
extent to which sensory properties are associated with 
physical/chemical properties (Table 4 ). Correlations between 
Instron stiffness and juiciness or firmness were more 
consistent in magnitude, within main effects and were 
slightly larger over all main effects, than correlations for 
processing shrinkage or moisture. Because of these relation
ships, Instron stiffness measurements may be the most 
reliable value for predicting juiciness or firmness of these 
frankfurter-type sausages. Although not conclusive, Instron 
stiffness values may also provide some evidence that sodium 
tripolyphosphate enhances the structural integrity of these 
types of sausage batters. 
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F
or some time there has been 
available a simple and positive 
method for the shop lloor clas

sification of stainless and high 
alloyed steels. 

Molybdenum is used as an alloying 
clement in stainless and high alloyed 
steels which arc required to have a 
high resistance to particular corrosive 
environments. These steels arc recom
mended for applications where pro
tection is required from highly cor
rosive non-oxidising environments, 
such as sea water and brine solutions. 

16 Auscrali,,n Engineering Bulletin March 1982 

it 
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r, I 
AUSTRALIAN ENGINEER/NG BULLETIN REACHES 15,000 

F
or the past 11 years, A EB publishers, Technical 
Indexes have been presenting engineering product 

stories, news and a lot more features too. We are now 
entering a new phase, what you could call a milestone 
in our history where we have increased our circulation 
from 4,000 to 15,000. This gives us a valuable oppor
tunity of reaching more people and monitoring the 
feedback from a broader section of engineering per
sonnel. I would like to personally thank the readers 
who have supported us over the years ancj helped us 
bring about our new circulation. 

Technical Indexes have been in Australia for around 
14 years, providing engineering information systems 
and data bases from the U.S.A., Europe and other 
parts of the world. The Australian Engineering Bulletin 
has shared in the growth of the company with the ex
pansion of feature pages and a greater participation in 
industry. Our new thrust into the larger community 
reflects the upgrading of the Trade Press and the 
awareness ·that industry has towards the exchange of 
information. Readers are invited to make suggestions 
about a regular department, article or special feature 
- this sort of response will help us to serve the
industry better.

t t 

t 

hi· S.J. S1·k,•.1t 
1,·11gi11t'er, CS/NO 1't1.m11111i;111 Fo111I lfrwarch L:nir 

Comstccl grades 444, 3 I 6, 3 I 6L and 
317 have molvbdcnum concentrations 
of 2.0, 2.25, ·2.25 and 3.250/o respec
tively 

DAt-,lAC DL-12 reagent• is a com
mercially prepared solution used for 
the detection of molybdenum in 
steels. The amount of molybdenum 
present in a sample is roughly in
dicated by the colour change in a spot 
of the reagent applied to the sample. 

The use of DL-12 reagent to iden
tify batches of stainless steel is advan
tageous in situations where analytical 

tify 
t el 

facilities arc not available. It is not 
. difficult to envisage the disastrous 

consequences which may arise due to 
the use of an inappropriate grade of 
stainless steel. 

The steel �urfacc to be tested is pre
pared by cleaning and rubbing with 
dry emery paper. After thoroughly 
shaking the bottle, about two drops 
of the reagent, which is a yellow sol
ution containing 280/o hydrochloric 
acid, arc applied to the surface. The 
drops of solution on the steel should 
be stirred slightly. If molybdenum is 

cont inucd on page 18 



continued from page 16 

present in .the steel, the yellow solu
tion will become dark brown. The 
speed of the colour change is dcter
min�d by the amount of molybdenum 
in the sample and by the temperature 
at which the reaction is taking place. 
If no molybdenum is present, the 
solution will simply dry on the sur
face, turning pale green with respect 
to the original solution. 

Because the rate of reaction is dep
endent on temperature, the test 
should be performed simultaneously 
on two control samples o'f stainless 
steel. One of these controls should be 
of the composition required (eg. type 
316 stainless steel), the other a grade 
which contains less than 0.15°:o 
molybdenum; the amount of moly
bdenum in each of the controls 
should be known to an accuracv of 
±0.05%. It is then possible to c·om
parc the response of the test sample to 
the two controls. Normallv the 
response of the sample will 'match 
that of one of the two controls, thus 
clcarlv indicating the amount of 
molybdenum in it. If the response of 
the test sample differs substantially 
from either of the two controls, the 
material should be analvsed bv con-
ventional mothods. · 

Type 316 stainless steel's superior 
resistance to corrosive attack by sea 
water, led to its choice as the material 
to contact chilled sea water in a 
mobile chilled fish storage unit des
igned by officers or the CSlRO Div� 
ision of Food Research. The function 
of this unit was to serve as the main 
component in experiments designed 
to study the storage of fish in mech
anically refrigerated and ice-d1illed 
sea water (Thrower and Stafford, 
1981 ). 

'---------------------

18 Austr.1/i.1n Englfwering Bulletin M.1rch 1982 

The equipment had been in service 
for two months after delivery when 
welds on the internal lining·of one of 
the tanks were found to be severely 
corroded. The welding procedure 
used in the fabrication of this tank 
was immediately suspected. When ap
proached on this subject the manu
fact urcr stated that all 90° joins were 
fusion. welded from the outside using 
the TIG process. Strips guillotined 
from the parent plate were used as 
filler wire where necessary. There was 
no postweld heat treatment of the 
scams. 

"With the use of DL-12 
costly repairs 

can be avoided . . .  "

The CSIRO Di\·ision of :--1anufac
turing Technologv examined and 
anal/sed samples t:;kcn from welds of 
two tanks. One sample displayed no 
corrosion of either the weld or parent 
plate; its composition was consistent 
with it being made wholly of type 316 
stainless steel. 

The other sample (Sample 2, Fig. 
I), which was taken from a similar 
location in another of the tanks, 
showed "sporadic perforation of the 
weld bead by a corrosion process. 
The accelerated corrosion was quite 
clearly associated with the use of an 
inappropriate material in the con
struction of the sea water tank." 
(G.J. Ogilvie, pers.comm.) Analysis 
of the sample showed its composition 
to be: 

Cr 
Ni 
:--10 
Remainder 

18.20/o 
9.50/o 

Nil 
72.J 11/o 

This analysis is consistent with the 
material being AISI type 302 stainless 
steel. These results showed that 
although the corrosion was initially 
observed in the region of the welds, 
the failure was caused bv the use of 
type 302 stainless steel for the con
struction of the whole tank. This con
clusion was subsequently confhmed 
by the disco\·ery of holes in the tank 
which were caused by the same corro
sion process but were removed at 
least 100 mm from the region of the 
welds. It now became necessary to 
identil"y those other parts or' the 
equipment which were not made of 
the specified material� DAMAC 
DL-12 reagent was employed for this
purpose.

It is incumbent upon managers and 
foremen to ensure that adequate 
supen·ision of processes on the fac
tory lloor is maintained. In processes 
which inrnh·c the cutting and welding 
of stainless steel it is critical that the 
grade of material being used is cor-

. ;ectlv identified. If the manufacturer 
of t·hc sea water tanks had used 
DL-12 real!ent as a matter of course
to check - the material used in
construction, costly repairs could
have been avoided.

tS.J. Sykc, i, employed as an E.xperimen1al 
Office under a granl from 1he Fi,hing lndu,1ry 
Re,card1 Trusl ,\ccounl. 
• 1. DA:'\IAC DL-12 rcagcnl i, ma11ufac1urc<l 
b\' Dan1ac. 7-l rue Julc,-Guc,Jc, II.I'.(,() 92302
l.�\'alloi, Perre! Ce<ld and markcle<l in
J\11,1ralia by Selby's Sdcn1ili.: I.Id.
•2. The work discussed in 1hi, ar1icle was <lone 
wi1h l),\,\l,\C DL-12 and lhl'fe may be other 
ma1erial\ commercial!\' a\'ail;1bk 1ha1 may be 
11.scd for lhc .same purpmc. II is lllll inlcn<lc<l
thar 1his ar1iclc be read as a rc·,·11n11nc·1nlation of
l ),\:>-1:\C 1)1.-12 (n:r nlhcr ,11d1 prnd111:ls.
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Taster Response to Salt in Minced Fish 

H. ALLAN BREMNER

--------ABSTRACT-------

Cooked fish minces. alone and with four added levels of salt. were 
tasted at the same sessions as five solutions of similar salt concentra
tion. Saltiness was measured by the tasters using the method of 
magnitude estimation. The ma!!nitude estimation exponent for salt 
in cooked fish mince was 1.05 whereas that for the solution was 
significantly higher at 1.51. 

INTRODUCTION 

REFRIGER:\TED SEA WATER (RSW) provides an effec
tive medium for the chilling and holding of fish from the 
point of catch through to processing. In RSW the fish 
absorb salt due to osmotic imbalance and salt uptake is one 
of the factors limiting duration of storage in this medium. 
There is an extensive literature on many aspects of salt 
ingestion (e.g. Kare et al., 1980), its potential hazards (IFT. 
1980). and on the taste of salt in solution, particularly with 
reference to the elucidation of the mechanisms of taste. 
Th: technique of magnitude estimation (Stevens. 1957) 
based on the power function S Kl" where S is perceived 
stimulus intensity, I is physical intensity, Ka constant, and 
n the exponent or magnitude estimator, has been applied lo 
sail solutions. In those experiments where a sip procedure 
has been followed, exponents ranging from 0.92-1.6 
(Table 13, i\leiselman, I 972) have resulted. If the exponent 
for cooked fish was in the upper range, say I .5, and if fish 
stored in RSW for about 3 �4 days increased in salt content 
from the naturally occurring level of 0.2% (approx.) to 
0.6% then by substitution in the equation w e  have Snatural 
= K(0.2) 1 .S and Sstored = K(0.6) 1 .5. Then Sstored /Snatural =
0.6 1 .5 /0.2 1 .s = 5.2 which implies that the stored fish w ould
taste five times more salty. This experiment was therefore 
done to ascertain the response to salt in cooked fish and, as 
a reference, salt solutions were tasted at the same time. The 
author has found no other references making this compari
son between simple solutions and complex foods except for 
the w ork of i\loskowitz et al. (I 97 4) where the sweetness 
of sucrose was estimated in a solution, a beverage, a pudding 
and a cake to give magnitude estimates of 1.06, 1.22, 1.06 
and 0.77 respectively. To the author's knowledge this com
parison between salt in solution and in cooked fish has not 
been made before. 

MATERIALS & METHODS 

FIVE SOLUTIONS of sodium chloride A.R. were prepared in glass 
distilled water at concentrations of 0.2% (0.0342M), 0.4% (0.0684M), 
0.6% (0.102M), 0.8% (0.1369M), and 1.0% (0.1711M). No traces of 
chloride were detected in the distilled water. Minces were chosen as 
a means of reducing the variability which otherwise would occur 
between and within fillets. The minces were prepared from fresh 
jackass morwong (Nemadactylus macropterus) by trimming, skinning 
then dicing the fillets, mixing them and passing the f lesh through a 
grinder plate with 4 mm holes. The mince was then re-mixed. Minces 
with approximate salt concentrations of 1.0%, 0.8%, 0.6% and 0.4% 
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were prepared by slowly adding 10% w/v salt solution dropwise 
while thoroughly mixing the mince with a fork. The well mixed 
minces were divided into two 300g portions for taste sessions which 
were held at 11 :30 a.m. and 2:30 p.m. The minces were cooked to a 
temperature near 75°C in covered stainless steel bowls set in a water 
bath at 87° C. [he cooked minces were mixed and juices allowed to 
scttk and the solids were sampled in duplicate-for analyses for chlor
ide and moisture content (AOAC, 1980) and these results were used 
in the calculations. The cooked mince solids were then served hot, 
in pre-warmed metal baking trays divided into six compartments. 
The salt solutions were served at room temperature (15° C), for 
experimental convenience. in waxed paper cups. There were eight 
tasters. all of whom had previous experience at tasting salt solutions 
and salted minces but not both at the one session. Each taster 
received five salt solutions and five cooked minces (four with added 
salt, one with no addition); four tasted the solutions before the 
minces, the other four tasted the minces first. This sequence was 
reversed in the second session. The order of concentration was 
randomized within each set (mince or solution) and was changed 
at each session. The solutions were marked with the alphabetical 
symbols K, L, 1\1, N or O and the minces as P, R, S, T or U. Tasters 
were told to adhere strictly to the given order. Distilled water was 
provided and tasters were instructed to rinse their mouths between 
sets (solutions or minces) but not between samples in the same set. 
The tasters set their own pace and the duration of time each stimulus 
was held in the mouth was not controlled. The duration between 
tastes either within or between sets was also not controlled. 

Tasters were instructed to judge the intensity of saltiness of the 
samples using the method of magnitude estimation (Stevens, 1957). 
No modulus was used and to the first sample they received tasters 
assigned any number for intensity they considered appropriate. To 
subsequent samples they assigned numbers proportional to perceived 
magnitude. The only restriction stipulated was that zero scores were 
not allowed. 

The experiment was repeated I wk later. The results were nor
malized by dividing each score by the value given to the first sample 
tasted and these normalized ratios were examined by analysis of 
variance. Taster and session effects were removed and the logarithm 
of the normalized magnitude estimate was regressed on logarithm of 
salt concentration. 

RESULTS & DISCUSSION 

THE RESULTS, EXPRESSED as ratios, plotted in Fig. 1 
on log-Jog coordinates, w ere assumed to be fitted best by 
straight lines. This assumption w as subjected to a goodness 
of fit test which showed that the points did not deviate 
significantly from straight lines. The slope for the response 
to the salt solutions is 1.51 (s.e. 0.1) w hich is in the upper 
range of the values listed by Meiselman (1972) agreeing 
closely w ith 1.59 found by Ekman (1961 ), 1.5 8 by Ekman 
and Akesson (1965 ), and 1.43 by Meiselman (1968 ). 

The results for the response to salt in minces are plotted 
in Fig. 1 as salt concentration expressed as a percentage of 
the moisture content of the cooked mince, giving a line 
with a slope of l .05 (s.e. 0.1 ). Alternatively, if salt concen
tration is expressed in terms of percentage in the cooked 
mince (g/ I 00g) then the result is a line with the same slope 
( 1.05, s.e. 0.1 ), but with a higher intercept i.e. parallel to 
the line in the figure. It appears that the response to salt in 
cooked minced fish is different to that in solution (P< 
0.00 l ). The reasons for this difference w ould be difficult 
to ascertain and are certainly beyond the scope of the pres
ent investigation, and the considerations given here are 
obviously speculative. 
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Moskowitz (1973) found little influence of temperature 
on magnitude estimates for salt solutions so it is unlikely 
that the temperature difference between the solutions and 
the minces was responsible for the difference in slopes. 

Obviously the mince presented a different stimulus delivery 
system from the solutions and this resulted in a different 
effective stimulus. Some of the influencing factors could 
be, suppressants and synergists in the minces, effects of 
adaptation, variations in salivary responses, and possibly 
lower effective flow rates in the case of the minces with 
consequently a greater duration of stimulus. This may be 
analogous to the situation where solutions have been 
flowed over whole or part of the tongue resulting in lower 
magnitude exponents from 0.41-0.91 (Meiselman, 1972). 
It it no easy matter to compare stimuli in complex foods, 
prepared and eaten in the normal manner, with simple 
solutions and these results indicate that estimates obtained 
using solutions should not be applied to real foods but that 
a stimulus should be tested in the food itself. The present 
work indicates that small increases in the salt level of fish 
stored in RS\V will not result in large increases in per
ceived saltiness of the cooked flesh. Further work to 
estimate the response in other forms of cooked fish will be 
undertaken. 
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On-board handling of gemfish 
Part I: Importance of chilling and gutting 

THE fishery for gemfish (Rexea 
so/and ri) i n  south-eastern 
Australian waters has suffered 
recently from poor demand and 
low prices. Two of the main 
causes of these problems have 
been poor quality, and competi
tion from imported species, 
es pee i a l ly  orange rough Y. 
(Hoplostethus atlanticus) from 
New Zealand (Ref. I). Quality 
loss was caused mainly by poor 
handling, processing and packag
ing (Ref. 2). 

Gcmfish present special pro
blems for the industry because 
large hauls are taken over a short 
season, straining the capacities of 
fishermen and processors. It is not 
practical with the small crew on a 
typical trawler to gut gemfish on 
board. Effective chilling either 
with ice or refrigerated sea water 
(RSW) is often not accomplished. 
When fish enter accelerated rigor 
at high temperatures (above 15 °C) 
gaping of the fillets can result 
(Ref. 3a). 

This article describes an experi
ment designed to identify quality 
loss due to delays in chilling and 
gutting. The work was funded by 
a grant from the Fishing Industry 
Research Trust Account. 

The fish used were caught in 
one haul by Kapa/a in July 1981 in 
260 fathoms east of Long Reef, 
Sydney (FR V Kapa/a, Cruise 
Report No 72, NSW State 
Fisheries). The temperature of the 
fish when caught was 17 °C. Fish 
varied from 60 to 76 cm long and 
1.5 to 3. I kg in weight. Some of 
the fish had well developed roes 
and their digestive tracts were 
relatively empty. 

It took an hour at an ambient 
temperature of 20 °C to sort the 
fish from the bulk of the catch 
and randomly allocate them to 

by S. J. Thrower, H. A. Bremner, 
A. R. Quarmby (experimental of
ficers with the Tasmanian Food 
Research Unit of the CSIRO Divi
sion of Food Research), T. B. 
Gorman and K. J. Graham 
(biologists with New South Wales 
State Fisheries). 

five treatments. These five 
treatments were divided into two 
broad categories, those stowed in 
refrigerated sea water (RSW) at 
- I °C for 24 hours (three
treatments) and those held at am
bient temperature ( 15-20 °C) for
24 hours (two treatments) before
being frozen to 18 °C.

Of the chilled fish, one group 
was gutted and bled in RSW as 
soon as possible after catching 
(treatment I) then lowered into 
the RSW tank in a net bag, while 
two groups were similarly stowed 
ungutted in RSW. Of the two 
chilled ungutted groups, one was 
frozen ungutted (treatment 2) and 
one was gutted and bled in RSW 
for 60 minutes before freezing 
(treatment 3). 

Of the two groups held on deck 
at ambient temperatures for 24 
hours, one was gutted and bled in 
running seawater for 60 minutes 
before freezing (treatment 4) and 
one was frozen ( -18 °C) ungutted 
(treatment 5). Fish in treatment 4 
still bled freely after 24 hours on 
deck. The treatments are sum
marised in Table l. 

The fish were shipped frozen to 
the CSIRO Tasmanian Food 
Research Unit in Hobart for 
quality evaluation. This was done 
after frozen storage ( -18 °C) for 
6 and 18 weeks from the time of 
catching. 

It was considered that a 24-hour 
delay at ambient temperature 
would simulate some of the 

poorer handiing practices known 
to occur in the gemfish fishery. It 
has been shown that storage of 
fish for 24 hours at 17 °C will pro
duce the same amount of bacterial 
spoilage as 44 hours at 10 °C, near
ly four days at 4 °C and 7 .3 days at 
0 °C, the temperature of melting 
ice (Ref. 4). Because of the 
relatively small quantity of fish 
needed for this experiment, the 
ratio of RSW:fish was high (20: I). 
This would have resulted in a 
rapid rate of cooling which would 
be representative of the first haul 
on a commercial trawler. 

The fish were thawed by 
holding for 65 hours in still air at 
4 °C, after which skin samples 
were removed for microbiological 
examination and the whole raw 
fish were assessed visually. The 
fish were then filleted for further 
visual assessment, with some 
fillets being used for chemical 
analysis and the others for evalua
tion by three different taste panel 
techniques. 

Visual assessment 

Immediately after thawing, the 
whole fish from each of the 
treatments were examined in turn 
by four experienced staff for ap
pearance, skin condition, stiff
ness, eye clarity, gill condition, 
condition of belly, and vent or 
belly cavity. The raw fillets were 
then examined for blood stains, 
col or, staining, bruising, smell, 
elasticity, wetness and degree of 
gaping. Ranking of individual at
tributes did not consistently place 
the treatments in the same order. 
Treatments were thus ranked by 
g1vmg equal weight to all 
characteristics and summing the 
rankings for both whole fish and 
fillets (Table 2). 

Mechanical damage in the net 
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may account for some defects 
which were randomly distributed 
amongst the treatments. It was 
noted, for example, that some 
fillets from all treatments were 
stained with a bright yellow pig
ment in the area adjacent to the 
kidney. 

Laboratory tests 

Trimethylamine 

The level of trimethylamine 
(TMA), a compound produced by 
bacteria, was measured im
mediately after the gemfish were 
thawed and filleted (Fig. 1). 

All three of the chilled 
treatments resulted in fish flesh 
with levels of TMA below I .5 
mgN%, the level recommended 
for good quality cod (Refs. 3b, 5). 

Fish in the two treatments 
which were left for 24 hours at 
ambient temperature before freez
ing and storage showed much 
higher levels of TMA, with fish 
from treatment 5 showing values 
in excess of 10 mgN%, the level at 
which fish is considered too spoil
ed for most uses (Ref. 3b). 

The fish from treatment 4 had 
nearly as high a level of TJVlA (8 
mgNO-/o), a level used as a cut-off 
point in product specifications by 
major companies (Ref. 3c). 

Microbiological tests showed 
similar results to the TMA 
analysis; for example the skin of 
fish from treatment 2 had ·400 
bacteria/sq cm and that of treat
ment 5 fish had over one million 
bacteria/sq cm. 

Salt 
The chilled fish took up salt 

from the RSW. Fish from treat
ment 1, which had cut flesh sur
faces exposed to salt water, took 
up most salt (Fig. 2). These results 
were confirmed in the saltiness 
•ratings by the analytical taste
panel.

Taste panel assessment

Three types of taste panel were 
used to assess the quality of un
skinned fillets (Table 3). These are 
referred to as the consumer panel, 
analytical panel and profile panel. 

Consumer panel 

The consumer panel scored for 
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Table 1: Summary of treatments. 

RSW Left on deck 

Gut 

RSW 24 h. 

Freeze 

2 3 

RSW 24 h. RSW 24 h. 

Gut 

Freeze Freeze 

4 5

Ambient 24 h. Ambient 24 h. 

Gut 

Freeze Freeze 

Table 2: Treatment ranking ([I] best to [VJ worst) by the different assessment 

techniques used. 

Ranking of treatments 

Assessment I 

technique Best II Ill IV 

Visual 
Whole fish I 2&4 -3

Fillets 3 I 2 4

TMA 2 3 4

Taste panels 
Consumer (fried) 3 2&4 
Analytical (sleamed) 2 1&3 4 

Profile (grilled) 2 3&4 

12 

10 - ------------------1

8 

6 

4 

2 f--

hr, 

2 3 

Treatments 

4 

V 

Worst 

5 

5 

5 

5 

5 

5 

5 

Figure 7: Levels of trimethylamine in fillets. Blank columns - 6 weeks' storage 
at - 18°C. Shaded columns - 18 weeks' storage at - 18°C. Horizontal lines 
indicate cut off level for good quality fish ( ..... ) and level at which fish is too 
spoiled for most uses (-). 
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Figure 2: Levels of salt in fillets. Code as for Figure 1. 
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Table 3: Description of taste panels. 

Type of 
panel 

Consumer 

Analytical 

Post-thawing 
storage 

Fillets vacuum 
packed and 

frozen for 
2 days 

0 °C overnight 

Cooking 
method 

Deep fried 
in !?read 
crumbs 

Steamed 
75 °c 

Profile Fillets vacuum Grilled to 
packed and 72 °C shredded 

frozen for and reheated 
I week in a microwave 

oven to 70-80°C 

• A score of I represents inedible, a score of 7 superb. 

flavour, texture and overall 
acceptability on the General 
Foods 'Smiley' Scale of seven 
faces representing degrees of 
acceptability. Samples from the 
chilled treatments were scored 
more highly than the fish left at 
ambient temperature for 24 hours 
(Fig. 3). 

Analytical 1iancl 

The analytical panel scored the 
intensity of 11 characteristics 
(aroma, off-aroma, flavour, off
flavour, saltiness, dryness, firm
ness, springiness, toughness, suc
culence and fibrousness). 

5.0 

� 
4.5 

"' 

4.0 

� 

3.5 

Treatments 
assessed per· 

session 

All 5 

All 5 

All 5 

Acceptability 

2 3 4 5 

Number of 
panelists 

20 

II 

10-15

Flavour 

Number of 
sessions 

2 

8 

2 3 4 5 

Treatments 

Texture 

Scoring 
scale 

1-7•

1-9

1-7•

2 3 4 5 

Aroma and flavour scores for 
fish from treatments 1 to 4 were 
similar (Fig. 4) after six weeks 
storage at 18 °C but those from 
treatment 5 were much lower. 
Storage for 18 weeks resulted in 

Figure 3: Consumer acceptability taste panel results, mean values for removals 

1 and 2. Note that the overall acceptability results reflect the flavour ratings. 
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Figure 4: Results of the analytical taste panel assessment of flavour and aroma. Codes as for Figure 1. 
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6 Dryness 

� ,.. 
5 

r� 
····1:t:,·· 

� 4 
2 3 4 5 "' 

5.4 Succulence 

5.0 

4.6 

2 3 4 5 

5.4 

5.0 

4.6 

5.4 

5.0 

4.6 

Firmness 

2 3 4 5 

Toughness 

2 3 4 5 

Treatments 

5.0 

4.5 

5.4 

5.0 

4.6 

Springiness

2 3 4 5 

Fb 1 rousness 

--
r 

< 

2 3 4 

-

j 
5 

Figure 5: Results of the analytical taste panel assessment of textural properties. Codes as for Figure 1. The horizontal'line 
on the dryness histogram indicates the value normally expected for fish, neither wet nor dry. 

reduced scores for aroma and 
flavour for both treatments 4 and 
5. 

Off-flavour and off-aroma 
scores were markedly higher for 
treatment 5 fish at the samplings 
performed at six and 18 weeks. It 
is possible that spoilage com
pounds, formed during the 
holding period at ambient 
temperature, migrated from the 
guts during frozen storage. 
Furthermore, it is likely that the 
bacteria and enzymes in the guts 
of treatment 5 fish became active 
during thawing. 

Treatments 4 and 5 resulted in 
lower scores for succulence and 
higher scores for dryness than the 
chilled treatments (Fig. 5), while 
the springiness of treatment 5 fish 
was low and decreased with frozen 
storage. All fish were firmer after 
frozen storage for 18 weeks. 

Profile panel 

The prof i l ing  technique 
describes the odour and flavour of 
the samples in terms of other 
familiar sensations, materials and 
foods. The acceptability of the 
prepared material was also judg
ed. 

The detailed profiles for aroma 
and flavour will be discussed in 
Part 2 (Ref. 6). 

Results of assessments 

The results of all the assessment 
techniques ranked from best to 

worst are shown in Table 2. 
It can be clearly seen that fish in 

treatment 5 which were left un
chilled for 24 hours and not gutted 
before freezing, showed the 
poorest quality by every criterion, 
but it is difficult to identify the 
best of the three chilled 
treatments. Treatment 4, where 
fish left at ambient were gutted 
before freezing, rated second 
poorest after frying, grilling or 
steaming and by chemical 
analysis. Holding at higher 
temperatures for 24 hours did not 
result in an increased incidence of 
gaping. 

Conclusion 

Prompt on-board chilling is the 
most important factor in achiev
ing top-quality gemfish. If chilling 
is delayed, inadequate or absent it 
is essential to gut the fish before 
freezing, but even then the fish 
will not be of top quality. If the 
fish had been actively feeding and 
were left ungutted before freezing 
they would have deteriorated even 
more rapidly. 

Key points 

Prompt chilling is the key to 
maintaining gemfish quality. 

Gutting of fish on board may be 
unnecessary if chilling is prompt 
and effective. 

Gutting of gemfish before 
freezing is essential if chilling of 
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the fish has been delayed or inef
fective. 

Many of the deteriorative 
changes are not obvious by visual 
inspection of whole fish or fillets. 

Chilled and frozen storage 
magnifies damage caused by poor 
handling. 

A quality-assurance scheme 
based on prompt effective chilling 
is essential for production of 
quality gemfish. 
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On-board handling of gemfish 
Part II: Sensory profiles 

HIGH-QUALITY gemfish fillets 
can be produced only if due care 
and attention is given to all steps 
of handling and processing from 
net to plate. 

Inadequate chilling, or worse 
still no chilling at all, coupled with 
poor handling and storage, results 
in unpleasant odours and flavours 
caused mainly by bacteria on the 
skin and in the guts. Digestive 
juices in the gut can also con
tribute to spoilage. 

The odours and flavours of 
seafoods are subtle, but trained 
taste panels can describe these 
natural characteristics in terms of 
other foods or well-known odours 
and flavours. Similarly, taste 
panels can also describe the 
changes that occur during 
spoilage. A list of words used to 
describe odours and flavours (call
ed here 'descriptors') can be used 
to build up a profile of a par
ticular fish and to provide graphic 
evidence of changes clue to poor 
handling. 

In Part I of this article changes 
in the quality of gemfish under 
five different handling treatments 
were discussed. These treatments 
are reproduced for convenience in 
Table 1. The fish were examined 
after six and 18 weeks frozen 
storage at -18 °C. After visual in
spection the fillets from the five 
treatments were vacuum-packed 
and stored at 18 cc for one 
week. 

Chilled storage 

The vacuum-packaged fillets 
from fish in each treatment were 
thawed overnight at 4 cc and 
presented to the panel zero, four 
and seven days after thawing and 
storing at 4 cc. 

This procedure simulated a 
distribution chain in which the 
fish were landed from a boat, 

by A. R. Quarmby, H. A. 
Bremner and S. J. Thrower (ex
peri m ental offic ers with th e 
Tasmanian Food Research Unit, 
CSIRO, Division of Food 
Research, Stowell Ave., Hobart). 

frozen, held in cold store, thawed, 
filleted, packaged, refrozen, 
thawed and 'distributed' through 
retail outlets. The profiles of these 
fish provide a description of how 
gemfish change during retail 
storage. 

Profiling technique 

A panel of 10 to 15 people were 
grouped around a table. Each was 
provided with two score sheets 
listing words that• have been used 
to describe seafoods. 

Samples were prepared by grill
ing unskinned fillets until a centre 
temperature of 72 °C was reached. 
To minimise variability, the cook
ed fillets were shredded with a 
fork and the material mixed. The 
mixed flesh was distributed be
tween two bowls which were 
reheated to 70-80 °C in a 
microwave oven immediately 
before being presented to the 
panel. 

The panelists selected the ap
propriate words for odour and 
flavour which described the sensa
tions they experienced and scored 
them according to the scale shown 
in Table 2. Members of the panel 
were familiar with the use of the 

Table I: Summary of treatments. 

1 2 3 

score sheets and, indeed, had 
helped to compile the list of ap
propriate descriptors at training 
sessions. 

Panelists made _ their initial 
assessments of odour individually 
and then discussed their findings. 
They were free to amend their 
sheets as a result of the discussion. 
They then recorded their flavour 
scores in the same way. 

A seven-point facial 'Smiley' 
scale (see Fig. I) was on display to 
the panel and this attribute 
(overall acceptability) was marked 
independently with no discussion. 

Of the 67 descriptors listed for 
odour, the panel scored 54 at least 
twice, of the 61 listed for flavour, 
46 were scored at least twice. For 
economy of space only those 
descriptors which increased or 
decreased with acceptability, or 
which applied exclusively either to 
those fish which had been in 
refrigerated sea water, or to those 
which had been left on deck at 
ambient temperature before fre.ez
ing, were selected as 'prime' 
descriptors for gemfish. 

Figures 2 and 3 show total panel 
scores in graphic form; 'desirable' 
descriptors, are coloured blue, 
'undesirable' descriptors are col
oured red and overall accept
ability values are coloured black. 

In order to make a readily 
understandable display, both the 
total acceptability scores and the 
total descriptor scores of the 
whole panel were brought to a 
common denominator and 

RSW Left on deck 

4 5 

Gut RSW 24 h. RSW 24 h. Ambient 24 h. Ambient 24 h. 

Gut RSW 24 h. Gut 

Freeze Freeze Freeze Freeze Freeze 
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Table 2: Scoring of descriptors. 

Intensity of 
descriptor 

Absent 
Very slight 
Slight 
Moderate 
Strong 
Very strong 

Score 

0 
I 
2 
3 

4 
5 

Total panel 
score as a 

% of 
maximum 

panel score 

20 
40 
60 
80 

100 

presented on a scale from zero to 
100. These scores can be con
verted back to intensity by 
reference to Table 2 and Figure 1. 

Effects of treatments 

Inspection of the odour profil_es
in Fig. 2 shows the great d1f
f erence in the number of  
undesirable descriptors for 
treatments 1, 2 and 3 (only a few 
red bars) at all chill storage times 
compared with treatments 4 and 
5. 

The comparison is less pro
nounced for the flavour profiles in 
Fig. 3 although fillets from f�sh in 
treatment 5 which were lelt on 
deck ungutted before freezing 
evoked the largest undesirable 
response from the panel, directly 
after thawing, and after subse
quent chill storage at 4 °C. Fillets 
from treatment 5 also showed the 
greatest fall in acceptability after 
seven days at 4 °C. 

The taste panel used fewer 
desirable descriptors to describe 
odour than it did to describe 
flavour, and both odour and 
flavour profiles showed that a 
decrease in quality was accom
panied by an increase in negative 
descriptors rather than a decrease 
in positive descriptors. . Absence of sour and rancid off
odours are mentioned in product 
specifications for frozen portions 
of white fish (Ref. 1). These 
odours were present in treatment 5 
at all chill storage times and 
developed rapidly in treatment 4. 
Sour and rancid flavours were 
present after thawing in treatme�t 
4 and 5 with detectable traces m 
treatme�t 2, but developed in .all
treatments on chill storage, them
crease being most marked in 
treatments 4 and 5. 

tr.:., 
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Figure 1: Prot,Je taste panel ratings of overall acceptabi�ity of fillets after 0, 4 
1 and 7 days storage at 4°c. 'Smiley' scale for acceptabi!tty (courtesy of Genera 

Foods Corporation). It should be noted t�at scores of 7 could only be expected 
from very fresh, high priced varieties of fish. 

ll t b Tt board the vessel produces fillets Overa accep a I I y 
with fewer off-odour and flavour The mean acceptability scores 

for all treatments are shown in 
Figure I. They obviously decreas
ed during packaging at 4 °C and 
were silrnificantly lower initially 
for treatment 5. None of the in
itial acceptability scores were high 
and were probably a result of the 
manner in which it ·was necessary 
to cook and present the samples. 
Even the 'best' samples had been 
subjected to two freezing and 
thawing cycles before being finally 
cooked and tested. The higher ac
ceptability scores given by the P:O
file panel (Figs. 2 & 3) for fish 
from treatments 4 and 5 in the se
cond assessment is unexplained. 

Profiles made on fresh gemfish 
obtained from a commercial 
outlet in Hobart were characteris
ed by their lack of negative 
descriptors. However, when these 
fish were frozen and thawed they 
gave profiles similar to those ob
tained from fish in treatments I to 
3 in this experiment. Thus freezing 
and thawing alone can result in 
the production of less desirable 
odours and flavours and a reduc
tion in acceptability. 

Conclusion 

Odour and flavour profiling 
have confirmed the conclusions 
made in Part I of this paper. 
Rapid chilling of gemfish on 

notes and increases the potential 
retail shelf life. 

Fish which are left ungutted on 
deck at ambient temperatures for 
24 hours before freezing have con
siderably more flavour off-notes 
and a markedly reduced potential 
retail shelf life compared with 
those which have been left on 
deck, then gutted before freezing. 

Fillets from fish left on deck at 
ambient temperatures and ungut
ted before freezing would not 
meet the product specification of 
major companies; fish gutted 
before freezing would be 
marginal. 

To produce good gemfish fillets 
the following factors are impor
tant. 

Chill the catch to O °C or just 
below; either ice or RSW is 
suitable. 

Keep chilled at all stages. 
Fish must be gutted before 

freezing if delays in chilling have 
been unavoidable. 

Use efficient freezers that 
reduce temperature rapidly. 

Never allow thawed or packag
ed fillets to warm up. 
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. Abstract: The fatty acid composition of lipids isolated from the depot fat, stomach contents, and 
proventricular oil of adult and chick P11f]in11s tenuirostris (Temminck) has been analysed. The diet of both 
adults and chicks is almost exclusively derived from the. cuphausiid Nyrnj,Juines a11.,·11alis Sars, and an 
attempt \\'as made to determine whether dietary lipid affects the composition of depot fat, and whether 
individual fatty acids in the stomachs and proventricular oil can be used as marhers for the origin of the 
diet. An apparent selectivity in the deposition of fatty acids in the fat depots can be explained by the 
conversion of fatty alcohols, derived from the euphausiid wax ester, into fatty acids of equivalent chain 
length and unsaturation. Hexadecadienoic acid appeared to be the only possible marker f::ttty acid from the 
euphausiid, but wide variations_in.its level limits its usefulness as a reliable index of the diet of P11/Jin11s 
tenuirostris. 

INTRODUCTION 

The short-tailed shearwater (Puffinus tenuirostris (Temminck), locally known as 
mutton bird) is a migratory proceilariiform which breeds along the southeastern coast 
of Australia. The eggs are laid in burrows towards the_end of November and hatching 
occurs in mid-January. The chick remains within its burrow until April when it 
commences its migratory flight to the Aleutian Islands in the north Pacific Ocean. While 
in the burrow the chick's only source of food is provided by the parent, and consists 
largely of regurgitated l\�)'clljJhcmes austra/is (Serventy et al., 1971). 

The procellariiform birds are characterized by the storage of oil in the provent riculi 

1 To whom correspondence should be addressed. 

0022-0981/83/$03.00 © 1983 Elsevier Science Publishers 13.V. 
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of their alimentary tracts and it is now generally considered that this oil originates from 
the diet (Clarke & Prince, I 976; Imber, I 976). The oil often contains much wax ester 
(Clarke & Prince, 1976; Warham et al., 1976) and it has been concluded (Clarke & 
Prince, 1976) that marine birds play a significant role in the reconversion of zooplankton 
wax ester to triacylglycerol. We have, therefore, studied the fatty acid composition of 
both the dietary and depot lipids of Pujfinus te11uiros1ris in order to determine \\·hether 
a relationship could be demonstrated between the depot fatty acids and those consumed 
in the diet. The fact that the diet of P. te1111irostris during the breeding period is composed 
almost entirely of Nrctiphanes a11s1mlis also allows the possibili1y that marker fatty acids. 
characteristic of the euphausiid, could be used to estimate the contribution \Vhich this 
organism makes to the total diet. 

MATERIAL AND METHODS 

S,\MPLE COLLECTION 

P1!!fl1111s 1e1111irostris chicks were taken from burrows at the Cape Direction rookery 
in southeastern Tasmania in 1979, 1980, and 1982 and samples of subcutaneous fat, 
proventricular oil, and stomach contents were stored immediately in methanol 
containing 0.1 % w: v butylated hydroxytoluene as an antioxidant. Except where paired 
birds (adult and its chick) \\1ere taken together, the adults were shot at sea in the Derwent 
estuary of southeastern Tasmania ::::: 5 km fro111 the colony. Samples of subcutaneous 
fat and stomach contents were removed and treated immediately as above, with a 
portion of stomach contents also being preserved in 10% formalin for qualitative 
analysis. Since the parent bird returns to the burrow at dusk to feed its chick, pairs of 
adult and chick were taken from burrows at night in January 1980. At the time of 
sampling the chicks would have been ::::: 3 wk old. 

Samples of adult and juvenile Nyctipha11es austra/is Sars were taken by plankton net 
in Storm Bay and D'Entrecasteaux·Channel, southeastern Tasmania, and kept alive 
until they could be sorted and stored in methanol in the laboratory. 

LIPID EXTRACTION AND ANALYSIS 

The quantity of methanol was adjusted to the volume required in the lipid extraction 
procedure of Hanson & Olley (1963) and lipids extracted by that procedure. Neutral 
lipid classes were isolated by chromatography on Florisil-7 % H20 (Carroll, 1961) and 
their purity confirmed by thin layer chromatography with appropriate standards, on 
plates of Silica gel G (Merck) in the solvent hexane: diethyl ether: acetic acid, 90: 10: 1. 

Fatty acid methyl esters were prepared as previously described (Bishop & Smillie, 
1970) and analysed by gas-liquid chromatography using a Packard model 740 I gas 
chromatograph, equipped with an electronic integrator. Quantitative anal)1ses were 
performed at 175 °C using a 1.8 111 x 0.4 cm column of 10�,;, SP-222-PS while con11rma-
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tion of the identity of individual peaks was obtained using columns containing 25 % 
DEGS-2% phosphoric acid (170 ° C) or 5% ApiezonL (200 ° C) (Bishop'e1a/., 
J 976a). In the case of wax esters, the fatty alcohols liberated by the methylation 
procedure were separated from the methyl esters by chromatography on Florisil-7�-� 
H 20 (Carroll, 196 I) and analysed by gas-liquid chromatography using the same con
ditions as for fatty acid methyl esters. 

RESULTS 

The major fatty acids of the gut and depot fat of adult and chick Pll[(i1111.1· 1e1111iros1ris 

are shown in Table I. The data were obtained from chicks collected at Cape Direction 
and from fully adult birds shot at sea in the same area. Although the proventricular oil 
of chicks is not contaminated with stomach contents, it proved impossible to isolate 
stomach contents from either adults or chicks without some contamination with 
proventricular oil. Because of the small amounts of oil present in adult birds the analyses 
of stomach contents include the proventricular oil. The major fatty acid present in most 
fractions is 18: 1 and there are substantial amounts of 16: 0, 16: I, 20: 5, and 22: 6. 

There is, however, a wide range of.contents for each of these components among 
individual birds and such variation clearly demonstrates the inadvisability of analysing 
pooled samples derived from several birds. For example, the average content. of 20: I 
in the stomach of 11 adult birds is 2.4 % but the range varies from zero to 22 °1,,. In spite 
of wide variations between birds, the data for individual birds show that the contei1t of 
18: 1 is always higher in depot fat than in stomach contents or proventricular oil, while 
the reverse is true for 16: 2. This latter acid may constitute ::::: 30 % of the stomach or 
oil fatty acids, but rarely comprises > 1 % of the depot fatty acids, suggesting a selectivity 
in the composition of the depot fat. 

The depot fat of both adults and chicks consisted entirely of triacylglycerol, while the 
major lipid components of stomach were triacylglycerol and wax ester. These occurred 
in the approximate ratio of 1 : 1 in the adult birds and 1 : 3 in the chicks. Composition 
of the proventricular oil of the chick was predominantly w�x ester with only a trace of 
triacylglycerol, in agreement with the results of previous authors (Cheah & Hansen, 
1970a; Warham et al., 1976). The fatty acid compositions of wax ester and 
triacylglycerol from the stomach contents of adult birds shot at sea and chicks taken 
from burrows is shown in Table II. There was significantly more 16: 2 and 18 : 1 in the 
wax esters than triacylglycerols, while the reverse was true for 14: 0 and 16: 0. It is 
noteworthy that 16: 2 is almost entirely confined to the wax fraction. The high level of 
J 8: I in the wax ester fraction, together with the greater content of wax ester in chick 
stomach is responsible for the higher level of that acid in chick stomach lipids as 
compared with adult stomach lipids (Table l). 

Comparison of the lipid composition of chicks taken from burrows, 11·ith that of adults 
shot al sea suffers from the fact that each adult bird's source of food may have been 



TABLE [ 

Fatty acid composition(%) of stomach, proventricular oil and depot fat of P. tenuirostris: chicks were collected from burrows at Cape Direction: adults were 
shot at sea in the Derwent estuary. 

Adult (11 = II) 

Stomach Depot fat 

Fatty Mean Mean 
acid content Range content Range 

14: 0 4.9 ± 2.0 1.3- 8.4 6.1 ± 2.2 1.9- 8.1 
16: I) I (,.8 ± 6.4 2.3-23.2 14.6 ± 5.3 4.3-18.9 

16: I 7.9 ± 2.6 4.5-13.5 7.9 ± 2.8 2.0-10.5 
16:2 5.9 ±- 8.4 0.5-28.8 0.4 ± 0.4 0.0- 1.1 
IX: 0 4.4 ± 2.5 0.8- 9.1 3.6 ± 1.6 0.8- 5.0 
18: I 14.7 ± 8.8 7. 1-38.9 29.9 ± 6.8 14.8-35.1 
18: 2 1.7 ±- 0.9 0.9- 3.6 4.0 ± 0.5 3.2- 4.5 
IX: ·' 1.7 ± 2.1 0.0- 6.6 1.7 ± 2.0 0.5- 6.0 
211: 2.4 t 6.5 0.0-22.0 5.5 ± 4.8 0.0-13.7 
20: 5 14.1 Jc 7.0 8.4-32.9 6.1 ± 4.5 0.2-l.U 
10 1.8 ± 1.4 0.0- 5.3 2.1 ± 1.5 0.5- 4.6 
01 , � !8.8 ± 7.5 6.5-31.9 14.4 ± 10.4 8.5--37.2 

Stomach 
(n = 8) 

Mean 
content Range 

Chick 
···--------·-·---.. --·-

Provcntricular 
oil (n = 5) 

----�-�---------- -

Mean 
content Range 

Depot fat 
(n = 8) 

Mean 
content Range 

-----------��------�-----�---·--·--

4.1 ± 2.9 0.5- 9.0 2.5 ± 2.4 0.3- 6.1 3.9 ± 1.3 2.9- 6.6 
7.1 ± 3.8 1.6-12.2 3.7 ± 2.6 1.2- 7.3 18.0 ± 2.0 15.8-22.6 

11.0 ± 3.1 4.0-13.5 9.3 ± 5.6 3.1-14.1 11.4 ± 1.7 8.8-13.3 
10.2± 9.3 1.5-29.4 18.7 ± 12.5 6.3-35.2 0.6 ± 0.4 0.4- 1.5 

2.1 ± 1.2 0.8- 4.0 2.1 :t 1.9 0.4- 4.5 3.7 ± 1.2 2.5- 5.2 
29.9 ± 9.4 9.5-37.6 25.0 ± 14.6 7.8-37.8 27.9 ± 2.7 34.6-42.0 
2.4± 1.2 (l.0- 4.0 11 ± 0.4 2.8- 3.7 2.5 ± 0.2 2.3- 3.0 
2.8 + 1.5 0.7- 4.2 4.0 ± 1.6 2.11- 5.X 3.0 ± 3.4 0.3- 8.3 
1.9 ± 2.1 0.fl- 5.2 0.1 ± 0.1 11.ll- 0.3 3.2 ± 4.5 0.0- 9.7 

12.0 i 34.0 8.2-18.7 13.2 -t 3.5 lJ.2-17.6 ],9 .t 1.6 2.6- 7.7 
2.5 ± 1.6 0.1- 4.8 l.8 :: 1.7 0.1 .. 4.il J. I .±: 2.0 0.2- 5.3 
7.2 4.. 2.0 5.n. 10.7 5.7 ± 1.7 4.>- �. I 5.b ± 1.7 3.8- 8.5 

tv 
C 

v 

� 
v 

0 

::::: 

0 
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obtained from different localities. Accordingly, we have compared the fatty acid 

composition of the depot fat of pairs of birds, each comprising an adult and its chick. 

These birds were trapped at the burrow in the evening, soon after feeding, and the 

stomach contents of both adults and chicks consisted almost entirely of l\'yctiphanes 

australis. Analyses of the oil content of the stomachs of two pairs showed that, in the 

first pair, the adult lipid contained 55 �,; wax ester and the chick lipid 7 I �
0 

wax ester. 

TA!lLF 11 

Fatty acid composition ( 0;,) of wax ester and triacylglyccrol fractions of stomach contents uf adult and chick
P. tc1111iro.1·1ri.

1

: chicks were collected from burrows at Cape Direction: adults I\ ere shot at sea in the Dern cnt 

estuary. 

Fatty 

acid 

14: 0 

16:0 
16: I 

16:2 
18:0 

18: I 

18:3 
20: l 

20: 5 

22: I 
22:6 

Wax ester 

4.4 ± 0.6 

10.6 ± 0.5 
12.0 ± 0.8 
6.4 ± 3.7 
2.9 ± 0.4 

30.8 ± 4.3 
0.2 
2 0 ± 1.7 

12.9 ± 1.8 

0.4 
8.4 ± 1.9 

Adult (11 = 3) 

Triacylglyccrol 

10.6 ± 3.4 

22.4 ± 0.8 
11.9 ± 0.6 
I.I± 0.5
5.0 ± 0.1

14.6 ± 1.6
1.3 ± 0.3

0.5

14.5 ± 1.8
0.9
9.1 ± 3.4

TABLE III 

Chicks (11 = 3) 
----- ------�--- --

Wax ester Triacylglycerol 
- -- ---�--�-- - - -

4.2±.1.3 10.3 ± 2.8 

5.9 ± 4.5 16.3 ± 0.5 
14.7 ± 0.7 14.5 ± 1.7 

7.8 ± 5.2 1.3 ± 0.6 

1.4 ± 0.6 1.7 ± 0.2 

39.5 ± 2.2 29.2 ± 0.7 

0.5 0.4 

3.0 ± 1.2 1.9 ± 1.2 

9.1 ± 1.9 I I.I ± 2.3 

0.1 0.3 

3.7 ± 0.3 5.2 ± 1.6 

Fatty acid composition ('.',;,)of the depot fat of adult P. te1111irostris and their chicks. and of the proventricular 
oil of the chicks. 

Pair I Pair 2 

Adult Chick Adult Chick 

Fatty depot depot Chick depot depot Chick 

acid fat fat oil fat fat oil 

14 :O 1.9 6.6 0.7 6.6 2.9 0.3 

16:0 4.3 22.6 1.3 10.3 17.4 1.2 

16: l 2.0 8.8 3.1 10.5 9.4 3.3 

16:2 I.I 0.7 28.7 0.8 1.5 35.2 

18: 0 0.8 4.5 3.8 2.2 3.2 4.5 

18: I 14.8 37.0 10.8 32.6 36.0 7.8 

I 8: 2 4.1 2.3 3. 7 4.0 2.4 3.1 

I�: 3 1.2 I.I 5.8 09 0.7 5.1 

20: I 7.5 4.2 0.3 13.7 5.1 0.2 

20:5 13.2 4.2 17.6 3.8 7.7 16.0 

22: I 0.9 0.2 0.1 0.5 OJ 0.1 

22: 6 37.2 7.3 6.7 16.0 8.5 8.1 
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Corresponding values for the second pair were adult 41� wax ester, chick 70��. wax 
ester. Over 501� of the oil content of this latter adult was free fatty acids. No significant 
amounts of triacylglycerol were detected in any samples in this case. Analyses 
(Table III) showed that a marked variation can occur between the fatty acid composi
tion of the depot fat of an adult bird and its chick even though the averaged values for 
a group of birds are similar (Table I). In particular, the fatty acid composition of adult 
and chick depot fat of Pair 1 showed large differences in the content of 16: 0. I 8 : 1, 
20: 5, and 22: 6. There are also marked differences in the fatty acid composition of chick 
proventricular oil and depot fat, especially in the levels of 16: 2 which is virtually 
excluded from the depot fat (Tables I and lII). 

The occurrence of large amounts of wax esters in the stomach and proventricqlar oil 
of mutton birds. raises the question of its origin. \Vhile the major component of the diet 
is N. a11s1ralis, Cheah & Hansen (1970a) were unable to detect wax esters in N. aus1ralis, 
and found that the major lipid was triacylglycerol. Our analyses of N. austra!is have, 
however, established the presence of quantities of wax ester, ranging from 12 to > 98 �,;, 
of the extracted lipid. The fatty acid composition of the triacylglycerols, and the fatty 
acid and alcohol composition of the wax ester fractions of euphausiid lipids arc shown 
in Table IV. The major fatty acids of the triacylglycerol fraction are 16: 0 and 18: 1, with 
significant amounts of 14: 0, 16: 1, and 20: 1. While 18: 1 is also the major component 
of the wax ester fatty acids, this fraction contains little 16: 0 and 14: 0, but contains 
significant amounts of 20: 5, which is virtually absent from the triacylglycerols. The fatty 
acids of the wax ester fraction are characterized by an average content of 14.3 % 16: 2, 
although the individual content of this acid varies from 4.5 to 31.4 �{, over the five 
samples (cf. Tables I, II, III). The wax alcohols contain > 70��' saturated alcohols with 

TABLE IV 

Fatty acid and alcohol composition ( 0,�) of the triacylglyccrol and wax ester fractions of Nyctip/w11cs 

a11s1ra/is. 

Triacylglycerol Wax ester Wax ester 

fatty acids fatty acids fatty alcohols 

Mean Mean Mean 

II= 5 Range II = 5 Range 11 = 5 Range 

14:0 6.2 4.3-11.4 2.3 1.6- 2.8 12.7 11.9-13.6 

16:0 24.6 23.1-26.8 2.3 1.2- 2.8 59.1 54.5-66.l 

16: I 10.5 8.8-11.2 14.7 11.0-18.8 8.3 6.8- 9.3 

16:2 3.0 0.3- 5.8 14.3 4.5-31.4 
18:0 4.2 2.9- 5.0 0.2 0.1- 0.7 2.4 1.0- 3.1 

18: I 40.3 27.9-46.0 41.7 31.6-53.4 7.2 5.4- 8.3 

I�: 2 1.6 1.4- 2.0 1.5 0.1- 2.6 
20: I 5.6 3.2- 6.7 1.7 0.7- 2.9 50 2.4- 6.7 

2(1: 5 + 6.2 3.4- 9.4 
22: I 0.8 0.1- 2.5 0,7 0.1- 1.7 2.1 0.2- 4,7 

n: 6 + 0.8 0.1- 2.0 
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chain lengths of 14, 16 or 18 carbon atoms. Alcohols of these chain lengths are the major 
components of the wax esters of euphausiids such as E11pha11sia C1yswl/orophias 
(Boftino, 1975), Thyanoessa raschi and T. inermis (Falk-Petersen e1 al., 1982). Wax 
esters of 1''.)'ctiphanes austra/is have only a low content of 22: 1, the major alcohol 
component of the wax esters of North Atlantic copepods (Ackman, 1980). 

If the contents of the stomach and proventricular oil of mutton birds are primarily 
derived from N. australis, then a similarity should be apparent in the constituent fatty 
acids and alcohols of the lipids. This is clearly the case as is shown in Tables IV and 
\I. The fatty acid composition of the triacylglycerol of chick proventricular oil is similar 

TABLE V 

Fatty acid and alcohol composition of the triacylglycerol and wax ester fraction, or provc111rinilar oil and 
depot fat of P. tenuirostris chicks. 

Provcntricular oil Depot fat 

Triacylglyccrol \Vax ester Wax ester T riacylglycerol 
fatty acids fatty acids fatty alcohols fa11y acids 

Mean l'vlean Mean Mean 
II; 3 Range II ; 3 Range II; 3 Range II; 3 Range 

14: 0 5.1 4.8- 5.4 1.5 I.I- 2.1 13.0 12.3-13.8 3.6 3.5- 3.9 
16: 0 11.5 8.9-16.1 1.2 1.0- 1.5 50.7 40.6-57.9 23.4 19.5-26.3 
16: I 16.8 16.1-17.2 18.4 16.5-20.5 10.1 8.9-11.8 9.4 9.2- 9.6 
16: 2 2.2 1.5- 3.5 3.8 1.3- 6.1 0.4 0.2- 0.5 
18: 0 L2 0.9- 1.7 0.2 0.1- 0.6 3.5 2.9- 4.3 4.7 4.0- 5.2 
18: 1 41.8 32.8-47.5 49.6 43.2-53.1 8.8 7.4- 9.8 42.1 35.4-45.8 
18:2 2.3 2.0- 2.5 3.0 2.8- 3.4 1.6 1.2- 1.9 
20: 1 3.1 2.4- 4.2 4.0 2.3- 5.0 7.0 4.0- 8.9 7.8 6.8- 9.3 
20:5 8.9 7.3-10.9 11.2 10.8-11.5 1.4 0.1- 3.9 

22: I 2.1 0.5- 4.0 2.7 0.2- 5.7 0.5 0.1- 1.6 2.7 0.5- 6.8 

22:6 2.0 0.1- 4.2 1.7 0.1- 3.6 2.0 0.1- 4.4 

to that of N. australis triacylglycerol (Table IV) and a similar correlation is apparent 
between the wax ester fatty acid and alcohol composition (Tables IV and V). The fatty 
acid and alcohol composition of chick gut wax ester and triacylglycerol is also similar 
to that of the euphausiid (results not shown). In contrast, the fatty acid composition 
of the chick depot fat triacylglycerol differs from those of the proventricular oil, but with 
the exception of the 16: 2 from wax ester fatty acids, these discrepancies can b� resolved 
if it is assumed that the fatty alcohols are oxidized to fatty acids in crossing the intestinal 
mucosa as has been shown in fish (Ackman, 1980). Thus, the content of 16 : 0 acid in 
the depot triacylglycerols of the chicks, which is higher than that of t_hc N. a11s1mlis 
triacylglycerols (Tables IV and \I) is probably largely derived from the 16 : 0 alcohol of 
the dietary wax ester, while the depot fat 18 : 1 acid is probably derived from the dietary 
triacylglycerol and wax ester fatty acids. 
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DISCUSSION 

It is now generally accepted that the proventricular oil of procellariiform birds is 

derived from their food (Clarke & Prince, 1976; Imber, 1976) and, therefore, its 

cornposition may be a suitable index of the diet especially if the fatty acid composition 

of the dietary oil is further reflected in that of the depot fat. The fact that the diet of 

Pi![{,nus tenuirostris during the breeding season consists almost exclusively of one 

species, the euphausiid l()'ctiphanes australis, makes this example a very suitable one for 

studies of such a relationship. 

There is a major difference between the present studies and those previously carried 

out on oils of procellariiform birds in that we have examined the lipid composition of 

a number of individual birds whereas other data have been derived from the oil of a 

single bird or of pooled samples (Cheah & Hansen, 1970a,b; Warham er al., 1976). Our 

results demonstrate a great variation in fatty acid composition of stomach contents, 

proventricular oil, and depot fat of individual birds, and thus comparison between 

species based on single or pooled samples may be misleading. A similar divergence in 

individual lipid and fatty acid composition of oils from six species of procellariiform 

birds was noted by Clarke & Prince (1976). It is presumably these factors which led 

to the discrepancies between the present fatty acid analyses and previous analyses of 

the fatty acid composition of lipid fractions of Pufjinus tenuirosrris proventricular oil 

(Cheah & Hansen, 1970a; Warham et al., 1976). 

The major constituent of the diet of P. renuirostris during the breeding season is 

Nyctiphanes austrahf as confirmed by inspection of stomach contents. Major lipid 

components of this euphausiid are triacylglycerols and wax esters, and these are the 

predominant lipid constituents of the gut and proventricular oil of both adult and chick 

mutton birds. The characteristic fatty acid and fatty alcohol composition of the 

euphausiid lipids can be detected in the mutton bird oil lipids. When provision is made 

for the oxidation of fatty alcohols derived from wax esters, to fatty acids, the composition 

of the mutton bird depot fatty acids is in good agreement with that of the dietary oil. 

Oxidation of fatty alcohols to the corresponding acids has been demonstrated in a 

nurn ber of fish (Patton & Benson, 197 5) and is presumably the preferred pathway for 

the biological conversion of these compounds by marine organisms. 

The sole exception to the uptake and incorporation of N. australis fatty acids by 

mutton birds appears to be hexadecadienoic acid. This compound appears to occur only 

in N. australis wax ester and has not been detected in mutton bird depot fat, even though 

it may constitute 30 % of wax ester fatty acids. The lack of this acid in the lipids of 

N. australis analysed by Cheah & Hansen (1970a) may also be explained by the absence

of wax ester from their samples and the absence of wax ester may be due to seasonal

variations in lipids such as occur in Thyanoessa inermis (Falk-Petersen et al., 1982).

A number of factors must be considered when comparing the lipid composition of 

adult and juvenile P1(f.{,11us tenuirostris. The nature of the food and the length of time 

it remains in the stomach of an adult before regurgitation to its chick, would affect the 
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composition of the diet received by the chick. Adult P. tenuirostris may collect their food 

800 km from the nest (Simpson, 1972) and in such cases it is probable that some 

digestion, probably selective in favour of triacylglycerols (Patton et al., 197 5) will occur 

in the stomach of the adult, prior to the chick being fed. Such selectivity would account 

for the relatively high ratio of wax ester to triacylglycerols found in the stomach and 

proventricular oil of both adults and chicks. 

The relative consistency of the fatty acid composition of the depot fat of chicks as 

compared with the wide individual variations which occur in the fatty acid composition 

of adult depot fat, probably reflects the different modes of existence. The adult bird, 

continually searching for food presumably undergoes a constant turnover of its depot 

fat with the possibility that dietary fatty acids may be transported and deposited in the 

lipid depot to a limited extent. In contrast, the chick, which is dependent on its parents 

for food, accumulates large quantities of depot fat for use as a food reserve after the 

adults have begun their migratory flight and for energy during its own migration, and 

the1·e is relatively little turnover of the depot fat during this period. 

It appears, therefore, that a direct relationship between dietary lipids and depot fatty 

acids, which occurs in certain fish species such as Falla's tuna (Bishop e/ al., 1976b) 

capelin, herring, and mackerel (Ratnayake & Ackman, 1979), whose major diet is 

euphausiids or copepods, can also be demonstrated for P. tenuirostris. Its use as a food 

chain marker is, however, difficult to assess at this stage. The wide variation in 16 : 2 

content of Nyc11jJ/ia11es australis samples makes this acid an unreliable indicator of a 

euphausiid diet, but the observed differences in the chain length of wax fatty alcohols 

between organisms which can serve as a diet for marine birds, may be of use in those 

species which unlike Pz{((inus tenuirostris exist on a mixed diet. 
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