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Table 1. Numbers of: bacterial indicators of contamination levels (TVC 22oC, TVC 37oC) and sanitary state 
(TC, FC, FS), heterotrophic bacteria on TGY medium, fungi (yeast and mould) and potentially pathogenic 
bacteria: Pseudomonas fluorescens, Pseudomonas aeruginosa and Aeromonas hydrophila in the feed fish, 
eaten by european catchfish fry  (Silurus glanis L.) during rearing in closed cycle  
 

Group of microorganisms Sample volume (g)  Numbers of microorganisms (cfu) 

TVC 22oC 1 
3600000a 

2200000 – 4500000b 

TVC 37oC 1 
1000000 

290000 – 5000000 

TGY 25oC 1 
2200000 

1400000 – 4400000 

TC 100 
90 

40 – 120 

FC 100 0 

FS 100 
19000 

2000 – 35000 

Yeast  
 
Mould 

1  
  

1 

210  
120 – 1500 

300 
70 - 1000 

Pseudomonas fluorscens 100 
30 

2 – 70 
Pseudomonas aeruginosa 100 0 
Aeromonas hydrophila 100 0 

 

a mean, b range 
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Lipid oxidation and lysine availability in Atlantic mackerel
hot smoked in mild conditions
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Abstract.  The available literature data indicate that in different market samples of smoked
fish notable changes in proteins and lipids occur due to smoking and during storage. There-
fore, the objective of this work was to investigate the availability of lysine and the state of
lipids in mackerel as affected by mild hot smoking in an industrial automatic smokehouse at a
core temperature in the fish not higher than 60°C, and during refrigerated storage. The oxida-
tion of lipids in the frozen stored raw material used for smoking was generally low. However,
the variability of the peroxide value within the examined batches of fish was large, 5.1-12.3
mg O/100 g lipids.  In hot smoked mackerel stored at 2°C no statistically significant effect of
storage time on the contents of lipid oxidation products was noted, probably due to the anti-
oxidant activity of smoke phenols. The lipid oxidation products in concentrations found in the
samples had no effect on the sensory quality of the smoked fish during 14 days at 2°C. The
lysine availability was similar in the smoked samples and in the raw material. The contents of
phenols in the meat of mackerel hot smoked in mild conditions were considerably low at 4.8-
7.6 mg/100 g and were only about 3.5 times higher than the small background level in the
thawed fish. The skin contained 2.5 times more phenols than the inner parts of the fish. The
low concentration of phenols corresponded well to the mild conditions of smoking.

Key words: hot smoked mackerel, lipid oxidation products, lysine availability

INTRODUCTION

Fatty fish are recommended as part of a healthy human diet since they are rich in high
quality protein, polyenoic fatty acids (PEFA) from the n-3 family, vitamins, and mineral
components. One of the traditional industrial processing methods of fatty fish is cold or hot
smoking. In many European countries smoked fish, predominantly salmon, Bûckling,
mackerel, halibut and other flat fishes, eel, and sprats, comprise about 10-15 % of the total
consumption of fishery commodities. There is high market demand for smoked mackerel
because of its attractive smoky flavor and color and the high content of nutritionally
beneficial fat.

Consumers interested in healthy eating can easily find information on the contents of
nutrients in fish of various species in food lexicons and cook books. However, these data
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refer predominantly to fresh fish, while far fewer results are published on canned, mari-
nated, grilled, fried, or smoked products. Furthermore, in many cases there is a great dis-
crepancy between the contents of protein, PEFA, vitamins, and mineral components in the
fresh material and in a commercial product or a ready-to-eat dish. It is generally known
that industrial and culinary food processing, as well as storage even under refrigeration,
can inevitably cause some losses of certain nutrients due to leaching, biochemical pro-
cesses, or chemical reactions. These losses depend on the fish properties and processing
conditions, mainly temperature, acidity, contents of salt and various reactive components,
the character of the medium during heating, oxygen access, and treatment time. Further-
more, processing may even generate undesirable, nutritionally objectionable or toxic com-
pounds (Sikorski 2004).

Generally, smoking involves dressing fresh or thawed fish, brining, pre-drying, treat-
ing with wood smoke or smoke preparations, heating the meat to the desired temperature,
followed by chilling and packaging. Any of these unit operations can affect the labile
nutrients contained in the raw material.

FACTORS  AFFECTING  CHANGES  IN  THE NUTRIENTS
OF SMOKED FISH

Changes in proteins

The effect of heating
The smoking process can cause a decrease in the digestibility or biological value of fish
proteins. The effect depends on the temperature and length of heating, which differ very
much in the hot smoking applied by various processors. Prolonged heating at an elevated
temperature can cause some loss of sulfur-containing amino acids and lysine residues in
proteins. It can also generate harmful compounds, including a number of mutagens and
carcinogenic heterocyclic amines (Sikorski 2004). The extent of the loss of nutritionally
valuable food components, like vitamins and labile amino acids and the formation of
antinutritional compounds should be small in mild heated products. It can, however, be
significant in the outer layers of smoked fish exposed to high smoke temperatures in a
traditional smoking kiln. Generally, the loss of sensitive amino acid residues caused by the
heat processing conditions used in sterilizing foods may be no higher than a few percent
(Sikorski 2001).

Changes in amino acid residues can be caused in part by the Maillard reaction, which
involves a reducing saccharide or a secondary product of lipid oxidation, or, in smoked
foods, a wood smoke aldehyde, and the ε-NH2 group of lysine residue or a terminal α-
NH2. Further reactions lead to the generation of different reactive products including
dicarbonyl and polycarbonyl unsaturated compounds that also interact with amines and
amino acids. Many Maillard reaction products are mutagenic and/or carcinogenic (Lee
and Shibamoto 2002). Reactions of the lysine residue with other food components, includ-
ing dehydroascorbic acid, result in the crosslinking of the heated protein (Fayle et al. 2000).
Excessive heating may also lead to the formation of cross-linking isopeptide bonds be-
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tween  the ε-NH2 group of lysine and the β and γ-carboxyl groups of aspartic and glutamic
acid residues or their amides. Crosslinking may decrease the digestibility of the protein.

Cooking food causes a partial loss of thiamine, particularly at alkaline pH. Thiamine
and its decomposition products may also participate in the Maillard reaction. The early
products of the reaction of lysine residue with aldehydes can be utilized in the human body,
but further changes make the amino acid unavailable. A certain amount of nitrogenous
compounds and lipids may be lost during hot smoking in the cooking drip.  The extent of
changes in the biological value of proteins can be investigated by determining the avail-
able lysine or the contents of products of reactions involving lysine.

Currently, many fish processing plants utilize only the highest quality raw material
and all contemporary hygiene requirements are observed. In such smoking plants the ap-
plied heat treatment does not necessarily need to assure a temperature of 83°C for 30
minutes in the center of the thickest part of the product, which is required to inactivate
Clostridium botulinum type E spores. Often the temperature of the center of the fish reaches
only 60°C. In these conditions smoked fish of very high sensory quality can be produced,
and the loss of the biological value of the proteins should be minimized.

The effect of smoke components
Several components of wood smoke, predominantly phenols, aldehydes, and nitric oxide
can react with some amino acid residues in muscle proteins. In model experiments it was
shown that smoking reduced the contents of SH groups in a 0.1% cysteine solution and in
beef meat by about 97% and 60%, respectively. The respective loss in amino groups in a
0.1% solution of methionine and in beef meat due to smoking was 12.5% and 27%. The
effect caused by the phenol fraction of smoke was three times higher than that of the smoke
aldehydes (Krylova et al. 1962). Market samples of traditionally smoked bonga and
sardinella in Nigeria contained about 3.2 and 3.2-3.8 g of available lysine /16 g N (Egwele
et al. 1986). In minced tilapia, smoked in 0.5-cm sheets on a wire mesh, a significant loss
in available lysine was detected by Obileye and Spinelli (1978). In mince smoked for two
hours at 30°C plus three hours at 70°C to a final moisture content of 52% the loss of
available lysine was 17.7%. After twelve hours of smoking at 70°C to a moisture content
of 22.6% the loss was 18.9%, and after sixteen hours of heating at 70°C without smoke it
was only 8.9%. In Atlantic mackerel which had been gutted, brined, and hot smoked in
rather harsh conditions (one hour at 50°C in a kiln plus seven or fifteen hours at 80°C),
packed in plastic bags and stored at 30°C the loss of available lysine just after smoking was
about 17.5% and after twelve weeks it was 13.7% (Eyabi-Eyabi et al. 1988). The lower
value in the stored samples is probably due to large variability of the raw material and
process conditions. The loss of thiamine, at an average of about 50%, was more affected
by fish to fish variation than by storage time. Bhuiyan et al. (1986) demonstrated that in
Atlantic mackerel fillets that had been hot smoked for three hours in an AFOS Torry Mini
Kiln the total loss of available lysine was 6.6% of the initial value in the unsmoked raw
material. The highest loss was in the outermost layer, 8.8%, and the lowest was in the
innermost layer, 4.4%. The loss of tryptophan in the whole fillet was 4.4 %, while in the
outer layer it was 7.1%, and in the inner layer it was 1%. The changes caused by smoking
decreased by about 9% the protein efficiency ratio of the mackerel muscle used in rat
feeding experiments.
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Changes in lipids in fresh and frozen raw material
The oxidation and hydrolysis of fish lipids cause significant deterioration of the sensory
properties of products and the loss of nutritionally desirable n-3 PEFA � eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA).

Lipid hydrolysis in fish meat can be catalyzed by endogenous lipases and phospho-
lipases, and, during the latter stages after capture, by bacterial enzymes. The endogenous
enzymes also retain high activity in frozen tissues, and some can even be activated (Levskaya
et al. 1984). Lipid oxidation can be caused by autoxidation and photosensitised oxidation;
it can also be catalyzed by the lipoxygenase of the gills and skin, by the peroxidase of the
blood, and the microsomal NADH peroxidase of the muscle. The lipid peroxides decom-
pose to various short-chain fatty acids, alcohols, aldehydes, ketones, and hydrocarbons.
Fish muscle also contains endogenous antioxidants. The relative concentrations of pro-
and antioxidants in various tissues depend on the type of muscle as well as the species and
condition of the fish (Hultin 1992). The susceptibility of lipids to oxidation depends on the
biological state of the specimens and on post-mortem treatment. Due to the effect of so
many factors, the degree of oxidation of lipids in different parts of one fish and in various
batches of fish of the same species, even stored under identical conditions, may differ
significantly. Therefore, there is high variability in the state of lipids in raw material used
for smoking. Lipid changes in fish during processing and storage have been reviewed by
Undeland (1995) and Sikorski and Ko³akowska (2001) and addressed in-depth recently by
Ko³akowska et al. (2002).

Oxidation of lipids in smoked fish

Smoke phenols as antioxidants
Smoking can also influence lipid oxidation. Brining, drying, heating, and reactive smoke
components can affect the tissue enzymes involved in oxidation reactions as well as generate
and change the stability of radicals. Sodium chloride and some other cations present as
impurities in the brine are pro-oxidative. Smoke components, on the other hand, are known
for their antioxidant effect. Of the several hundred wood smoke components, phenols have
the highest antioxidant activity (Kurko 1966). The phenol fraction of smoke is a mixture of
about 240 compounds. Their antioxidant activity depends on their structure. According to
Kurko (1966), the strongest phenolic antioxidants in wood smoke include pyrocatechol,
hydroquinone, and α-naphthol, which are equal in antioxidant activity to
butylhydroxyanisole, and especially 3-methylpyrocatechol, 4-ethylpyrocatechol, and
pyrogallol. The activity of pyrogallol exceeds that of butylhydroxytoluene about fivefold.

The composition and contents of phenols depend primarily on the temperature of
smoke generation, but also on the kind of wood and the access of air to the smoldering
material. Thus, the effectiveness of the antioxidant action of smoking is related to the
composition and the quantity of the phenol fraction of wood smoke absorbed by the smoked
food. Phenolic antioxidants are known to exhibit prooxidative activity if applied in high
concentrations. However, the content of smoke phenols deposited on fish during smoking
or added to foods with smoke flavorings is usually low enough not to exert prooxidative



Lipid oxidation and lysine availability .... 19

action (Chomiak and Goryñ 1977). According to many literature data, the total content of
phenols in smoked products ranges approximately from 5 to 60 mg/100 g of tissue (Miler
and Sikorski 1990). Cardinal et al. (2002) found that it ranged from about 0.1 to about
3 mg phenols/100 g wet weight of cold smoked Atlantic salmon fillets, depending on the
size and lipid content of the fish, as well as the smoking method. According to Ionas et al.
(1977), in cold smoked mackerel the total content of phenols in the meat and skin of the
fish was 4.6-45 mg and 96.4-354 mg/100 g, respectively, and was related to the smoking
parameters. However, because of differences in procedures of isolation of the phenols
from smoked fish, i.e., extraction with organic solvents or steam distillation, as well as in
methods of quantitative determination, not all literature data are directly comparable (Lus-
tre and Issenberg 1970, Toth et al. 1982). According to Kurko and Luchak (1984) hot
smoked mackerel and cold smoked common bream contained 5.6 and 11.7 mg phenols/
100 g, respectively, when determined in extracts, but only 0.2 and 0.7 mg/100 g, respec-
tively, in steam distillates. The total amount of phenolic compounds isolated from smoked
pork belly by Lustre and Issenberg (1970) was 28 mg/100 g. Potthast (1978) reported, that
the content of phenols in various smoked meat products was as high as 170 mg/100 g.

The extent of oxidation
The net result of the pro-oxidative action of salt and heating and the antioxidant effect of
wood smoke components cannot be predicted for different assortments of smoked fish.
There are several published data which indicate that the oxidation of lipids in smoked
products proceeds at a lower rate than in unsmoked controls, while in other papers
contradictory results are presented.

 In the experiments of Eyabi-Eyabi et al. (1988) a twofold increase in the peroxide
value was observed in Atlantic mackerel packed in plastic bags during the first four weeks
of storage at 30oC, while up to twelve weeks later no significant changes had occurred. The
thiobarbituric acid value (TBA) decreased due to smoking by about 80% and during the
subsequent storage of the product for up to twelve weeks it dropped to almost zero. No
significant changes in the contents of EPA and DHA were found due to smoking and stor-
age. According to Münkner and Meyer (1996), in vacuum packed hot smoked Atlantic
mackerel stored at 5ºC TBA remained in the range of 0.31 to 0.39 for up to 33 days, and in
hot smoked mackerel fillets it was 0.63 to 0.76. The TBA value in smoked gutted mackerel
taken from the market was 0.82-1.20, but in the fillets it was lower (0.60 to 0.84). Cha et al.
(2001) studied saury fillets containing 28.1-30% fat that were seasoned with a mixture of
sugar, salt, monosodium glutamate, and sorbitol and then soaked for 10 seconds in 5%
liquid smoke Scansmoke PB 2110, dried for 40 h at 40ºC, packed in polyethylene film,
and stored at about 19ºC. After 15 and 60 days, the TBA and peroxide values were signifi-
cantly lower than in the control seasoned samples that were not treated with the smoke
solution. On the other hand, Beltran and Moral (1989) noted a statistically significant
increase in the peroxide value, TBA, and concentration of free fatty acids in hot smoked
sardine fillets. These had been iced 30-32 h after capture and contained 5.1% lipids; they
were then brined, surface-dried in the air for 12 h and smoked 2 h at 30ºC plus 45 min at
75ºC in a kiln.
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STUDY  OBJECTIVES

Available literature data on the changes of proteins and lipids in fish due to smoking are
very limited and refer predominantly to heavily smoked products or different commodities
available on the market. The aim of this work was to investigate whether brief hot smoking
at a core temperature not exceeding 60°C in controlled industrial conditions, that are known
to yield a product of high sensory quality, significantly affects the lysine availability and
the state of lipids in Atlantic mackerel just after treatment and during storage under
refrigeration.

MATERIALS  AND  METHODS

Preparation and smoking of mackerel

Atlantic mackerel, frozen in 20-kg blocks, packed in polyethylene film and cardboard
boxes was imported by a local processor and kept for 1-3.5 months in the plant at�-20oC
prior to smoking. The fish were prepared for smoking and smoked in industrial Begarat
kilns at an automatically controlled temperature, humidity and density of smoke, which
was supplied from an external generator, according to the flow chart in Figure 1. The
product was stored in boxes, and the internal temperature of the fish was 2±1oC.

For analysis the meat from three fish was separated, minced in a grinder using a plate
with 2-mm orifices, and mixed thoroughly to prepare average samples that were used to
determine the chemical indices in triplicate.

Chemical assays
NaCl was determined using the Mohr method according to PN-74/A-86739. Dry weight
and total Kjeldahl nitrogen were determined with AOAC methods (1990). The lipids in the
extracts were obtained according to Bligh and Dyer (1959) and dried at 80oC to a constant
weight. Peroxide number was determined by the thiocyanate method according to BN-74/
8020-07. The anisidine value was determined according to Polish Standards PN-93/A-
86926 in the lipid extracts. Available lysine was assayed according to the Carpenter method
(Rao et al. 1963), phenols by bromometric titration according to PN-72/C- 04602.04, and
pH with the use of a microcomputer CP-315M pH meter (Elmetron). The concentration of
phenols is presented in mg of phenol/100 g.

Sensory analysis
A panel of ten trained panelists performed the product sensory assessment. The quality
indices of smoked mackerel that were assessed were selected in preliminary experiments
from the following set: skin color, skin gloss, smoky flavor, rancid off-odor, other off-
odors, taste, juiciness, fibrousness, flavor acceptability, and total acceptability. The
refrigerated samples were allowed to stand for 30 minutes at room temperature before
analysis. Each attribute (Table 5 and 6) was determined by every panelist in one whole
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Fig. 1. Flow chart of hot smoking of mackerel in mild conditions.
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fillet using a score sheet with the attributes graded on a 5-point intensity or preference
scale. The results were evaluated statistically by analysis of variance (one-way procedure)
or the Student�s t-test.

RESULTS AND DISCUSSION

The results of analysis indicated variation in the chemical composition of thawed mackerel
in the three investigated batches. The water content was 54.5- 59.1%, protein 16.8 - 19.6%,
and lipids 18.9 - 27.2% .  High variability, especially in the lipid content, was also noted in
the smoked product (Table 1).

The oxidation of lipids in the stored frozen raw material used for smoking was gen-
erally comparatively low and was several times lower than the level Ko³akowska et al.
(1998) determined in mackerel. However, the variability of the peroxide value within the
three examined batches of fish was large ranging from 5.1 to 12.3 (Table 2). No relation
between the peroxide value and the pH of the meat, lipid content, or concentration of NaCl
was detected. The peroxide value (12.3 and 11.2 mg O/100 g lipids) was similar in samples
that were stored frozen during a similar period (1 and 1.5 months) but had significantly
different lipid contents (27.2 and 22.1%). In the experiment by Ko³akowska et al. (1998)
the degree of lipid oxidation was higher in the frozen fish that contained less fat.

In three batches of smoked mackerel the content of peroxides was about 50% lower
than in the thawed samples, and that of the anisidine value was about 2.5 times higher
(Table 2). Undeland (1995) reported that in traditional hot smoked mackerel the peroxide
number and TBA were six and two times higher than in the raw fish. Beltran and Moral
(1989) also found that hot smoking caused a several-fold increase in the peroxide and
TBA in sardine fillets. According to Ko³akowska et al. (1998), hot smoking caused the
decomposition of peroxides in mackerel that was lower in lipids but initially more oxi-
dized, while it resulted in an increase in the peroxide number in mackerel that was richer in
lipids and less oxidized.

Storage time was not noted to have a statistically significant effect on the contents of
lipid oxidation products in hot smoked mackerel at 2°C. However, the results in Table 2
indicate that there was a slight tendency for the peroxide value to increase with storage
time. This very slow rate of oxidation during storage might have been due to the effective-
ness of the smoke antioxidants. Furthermore, the results of sensory analysis show that the
lipid oxidation products in concentrations found in the samples had no effect on the sen-
sory quality of the smoked fish during 14 days at 2°C (Table 3). The intensity of the rancid
odor was very low and did not change during storage. A small, though statistically signifi-
cant, decrease in juiciness was noted after seven days at 2°C. According to Ko³akowska et
al. (1998), the rate of accumulation of lipid oxidation products during storage was higher
in hot smoked mackerel made from thawed fish with a higher initial degree of lipid oxida-
tion than in smoked fish made of less oxidized raw material.

According to Braekkan and Boge (1962), the content of lysine in Atlantic mackerel
fillets was 8.8 g/100 protein. The concentration of available lysine in the thawed mackerel
used as raw material for smoking in the current experiment was about 10% lower than this
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Table 1. The gross chemical composition of the meat of thawed and hot smoked Atlantic mackerel 
(g/100 g wet weight) a 

 
Mackerel Water Lipids Crude protein Chlorides pH 

Raw 54.5 - 59.1 18.9 –27.2 16.8 - 19.6 0.62 - 0.70 5.93 - 6.17 

 56.8 ± 2.3 22.7 ± 3.4 18.2 ± 1.1 0.63 ± 0.05 6.05 ± 0.09 

Smoked      

1b 55.4 - 58.7 19.3 – 22.9 18.5 - 19.0 1.71 - 2.03 5.77 - 6.11 

 56.8 ± 1.4 21.0 ± 1.5 18.7 ± 0.2 1.9 ±0.14 5.95 ± 0.14 

7b 53.8 - 57.4 17.7 – 25.7 17.1 - 19.6 1.76 - 2.68 5.61 - 5.95 

 55.1 ± 1.6 22.2 ± 3.3 18.2 ± 1.0 2.17 ± 0.41 5.77 ± 0.14 

14b 54.3 - 55.8 20.3 – 22.8 18.8 - 20.1 1.95 - 2.63 5.65 -5.97 

 54.9 ± 0.6 21.5 ± 1.0 19.4 ± 0.5 2.33 ± 0.25 5.84 ± 0.14 
 

a Range of results and mean value ± standard deviation characterizing samples from three batches of fish 
b Days of storage at 2oC 
 
 
Table 2. The effect of storage at 2oC on lipid oxidation and available lysine in hot smoked mackerel meata 

 

Mackerel 
Time of storage 

[days] 
Anisidine value 

Peroxide number 
[mg O/100 g lipids] 

Available lysine 
[g/100 g protein] 

2.8 - 3.6 5.1 - 12.3 7.5 - 8.0 
Thawed 0 

3.1 ± 0.4 9.6 ± 3.2 7.8 ± 0.3 

6.8 - 10.1 3.0 - 5.9 7.5 - 8.0 
1 

8.3 ± 1.4 4.8 ± 1.3 7.7 ± 0.3 

6.2 - 10.1 3.5 - 11.4 6.9 - 8.2 
7 

8.1 ± 1.6 6.7 ± 3.4 7.6 ± 0.7 

6.1 - 8.8 3.7 -  9.4 7.5 - 8.1 

Smoked 

14 
7.1 ±  1.0 7.2 ± 2.5 7.8 ± 0.3 

 
 a Range of results and mean value ± standard deviation characterizing samples from three batches of fish 
 
The results evaluated statistically by analysis of variance (one-way procedure) do not differ significantly 
(p > 0.05). 
 
 
Table 3. Effect of storage at 2oC on the sensory attributes of mackerel hot smoked in mild conditions 
 

Time of 
storage 

Color Gloss Juiciness 
Rancid off-

odour 
Flavor 

acceptability 
Total 

acceptability 

(days) Intensity scores on a 5-point scale Preference scores on a 5-point scale 

1 4.6a  4.1a  4.3a  1.2a  4.1a  4.1a  

7 4.6a  4.2a  3.9a  1.1a  3.9a  3.8a  

14 4.3a  3.9a  3.4b  1.2a  3.7a  3.7a  
 
The values in a particular column followed by different letters differ significantly (p < 0.05)    
 
 

(Table 2). The lysine availability in the smoked samples was similar to that in the raw
material.
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Table 4. The contents of phenols in the meat and skin of hot smoked Atlantic mackerel stored at 2oC 
   

Phenols 
Fish 

Time of 
storage [days] [mg/100 g meat] [mg/100 g skin] 

Thawed 0 0.9 - 3.0 not determined 

  1.9  ± 0.9 not determined 

1 4.8 - 7.6 16.2 - 19.3 

 6.6 ± 1.2 17.8 ± 1.6 

7 4.5 - 9.7 8.8 - 14.9 

 6.7 ± 2.2 11.8 ± 3.1 

14 2.6 - 6.6 11.2 - 13.2 

Smoked 

 5.5 ± 2.1 12.2 ± 1.0 
 

a Range of results and mean value ± standard deviation characterizing samples from three batches of fish 
 
 
Table 5. The sensory quality of smoked mackerela obtained from various producers   
 

Color Gloss Juiciness 
Rancid off-

odour 
Flavor 

acceptability 
Total 

acceptability Producer 

intensity scores on a 5-point scale preference scores on a 5-point scale 

1 4.9 ± 0.3 4.6 ± 0.5  4.4 ± 0.3 1.1 ± 0.3 4.8 ± 0.1 4.7 ± 0.1 
2 4.6 ± 0.3 4.0 ± 0.5  4.1 ± 0.3 1.0 ± 0.3 3.8 ± 0.1 3.8 ± 0.1 

3 3.5 ± 0.2 2.9 ± 0.3 4.3 ± 0.1 1.1 ± 0.1 3.6 ± 0.3 3.6 ± 0.3 

4 2.8 ± 0.3 2.1 ± 0.2 2.4 ± 0.3 1.8 ± 0.1 2.6 ± 0.3 2.6 ± 0.3 
 
 a Stored for one day at 2oC 
    
 

 The contents of phenols in the meat of mackerel hot smoked in mild conditions
were considerably low at 4.8-7.6 mg/100 g (Table 4). The mean value was only about 3.5
times higher than the low background level determined in the thawed fish. This low
concentration of phenols corresponded well to the mild conditions of smoking. The con-
tent of phenols in fish skin was 2.5 times higher than it was in the meat (Table 4). This
concurs with the fact that the majority of the smoke phenols is retained in the skin and
subcutaneous lipid layer in smoked fatty fish, while in lean fish up to about 65% of the
total mass of phenols can diffuse into the deeper tissue layers (Kurko and Mezenova
1985). During storage at 2oC the contents of phenols in the meat did not change signifi-
cantly, while their concentrations in the skin decreased by about 30%. It can be assumed
that the loss of the phenols from the skin without a corresponding significant increase in
concentration in the meat was caused by the low proportion of the mass of the skin to
that of the meat (about 6%) and possibly by interactions of some phenols with muscle
proteins during storage.

Hot smoked mackerel taken directly from various producers different significantly
in sensory quality; the highest quality notes were consistently given to the product manu-
factured by producer 1 according to the flow chart in Figure 1 (Table 5).
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CONCLUDING  REMARKS

The results presented and discussed above as well as those of the authors� earlier
investigations (Ko³odziejska et al. 2002) indicate that hot smoking Atlantic mackerel in a
plant that meets all current requirements regarding good manufacturing practice and HACCP,
in an automatic smokehouse in mild heating conditions at a core temperature not exceeding
60°C, guarantees very good sensory quality, long shelf life of a high quality product, and
only negligible loss in the nutritive value of the smoked fish.
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Table 1. Mean conversion factors (Cf) of cod and the number of inter-calibration experiments (N) 
of national gear types P 20/25 (Poland) and HG 20/25 (Germany)  
 

TV3 #930 vs. P20/25 TV3 #520 vs. HG20/25 Length 
classes [cm] N conversion factor Cf N conversion factor Cf 

16 12 1.38 25 1.17 
18 13 1.64 23 1.21 

20 15 1.12 25 1.04 

22 16 1.23 30 1.18 

24 15 1.27 31 1.08 

26 16 1.55 31 1.07 

28 14 1.82 31 1.30 

30 17 1.70 32 1.26 

32 11 2.42 31 1.10 

34 12 2.02 30 0.95 

36 14 1.72 26 1.13 

38 8 0.98 27 1.25 

40 15 2.81 19 1.06 

42 7 2.18 17 1.36 

44 3 1.61 14 1.15 

46 6 1.68 8 0.87 

48 2 - 4 1.22 

 
Table 2. Estimates of mean fishing power Fp1 and Fp2, and mean conversion factors Cf by national gears 
  

Country Gear Fp1 
Cf (TV3#520, 
national gear) 

Cf (TV3#930, 
national gear) 

Range of  
Fp2 

Mean 
Fp2 

Denmark Granton 0.57  3.76 0.18-0.81 0.34 
Germany HG20/25 0.87 1.13 1.80 0.59-0.93 0.71 

Latvia LBT 0.44 0.73 1.16 0.28-1.28 1.10 

Poland P20/25 0.34 - 1.80 0.46-1.31 0.71 

Russia Hake 4M 0.93 - 1.77 0.46-1.75 0.72 

Sweden  GOV 1.00 - 1.28 0.84-1.20 1.00 

Germany TV3#520 - - 1.59 0.58-1.25 0.81 
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Fig. 1. Mean catches of cod (CPUE-values) at 2-cm length intervals,
based on 20 stations in water deeper than 60 m for Polish and German trawls.

Fig. 2. Mean catches of cod (CPUE-values) at 2-cm length intervals,
based on 8 stations in water deeper than 60 m for Polish and German trawls.
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Table 5. Number of available data sets (no.), mean values (mean) and standard deviations (Sd) of 
the log-transformed quotient CPUE(P20/25)/CPUE(HG20/25) by paired stations presented in Tables 3 and 4 
 

Length Hauls of Table 3 Hauls of Table 4 

[cm] no. mean Sd no. mean Sd 

19 7 0.36 0.22 1 0.39 – 

21 10 0.05 0.31 1 0.74 – 

23 14 0.19 0.52 2 0.18 0.67 

25 17 –0.03 0.63 2 –0.12 1.02 

27 17 0.11 0.36 4 –0.63 0.71 

29 19 –0.04 0.46 3 –0.38 0.55 

31 17 –0.03 0.61 5 –0.19 0.25 

33 19 –0.11 0.43 3 0.07 0.38 
35 16 –0.10 0.37 4 0.24 0.76 

37 16 –0.30 0.42 4 0.41 0.54 

39 10 –0.15 0.63 3 0.31 1.01 

41 10 –0.38 0.56 3 0.79 0.42 

43 9 –0.09 0.67 3 0.61 0.04 

45 6 –0.17 0.74 1 –0.70 – 

47 6 –0.05 0.54 2 –0.39 0.80 

49 7 –0.31 0.55 1 –1.04 – 

51 4 –0.16 1.01 1 –0.30 – 

53 4 0.20 0.48 – – – 
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Fig. 3. Calculated cod stock length distribution based on coefficients F
p1

 and F
p2

in ICES Sub-division 25 in 1997.

Fig. 4. Calculated cod stock length distribution based on coefficients F
p1

 and F
p2

in ICES Sub-division 26 in 1995.
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Fig. 5. Proportion of cod stock abundance indices based on the relation of F
p2

 to F
p1

in ICES Sub-division  25 in 1997.
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Table 1. Prey items expressed as frequency of occurrence (%FO) and weight (%W) of Pacific black halibut 
and Kamchatka flounder collected in the western Bering Sea (WBS) and Pacific waters off the northern 
Kuril Islands and southeastern Kamchatka (NK) in summer–autumn 1997. 
 

Pacific black halibut Kamchatka flounder 

WBS NK WBS NK 

Prey item 

% FO % W % FO % W % FO % W % FO % W 

1 2 3 4 5 6 7 8 9 

SPONGIA – – – – – – 0.3 < 0.1 
COELENTERATA         

Actiniaria 0.2 < 0.1 – – – – – – 

ANNELIDA         

Polychaeta – – – – – – 0.7 0.1 

CRUSTACEA         

Mysidacea         

Mysidacea gen sp. 0.5 < 0.1 – – 0.5 0.1 1.0 0.4 

Gnathophausia gigas 0.2 < 0.1 – – – – – – 

Euphausiacea         

Euphausiidae gen sp. – – 15.1 9.8 – – 3.0 0.7 

Amphipoda         

Amphipoda gen. sp. – – 2.2 0.6 – – 0.7 0.1 

Ampelisca sp. – – 2.2 0.1 – – – – 

Decapoda         

Pandalus goniurus 1.2 < 0.1 – – 1.6 0.1 – – 

P. hypsinotus 0.2 < 0.1 – – 1.1 < 0.1 – – 

Pandalus sp. – – 8.6 8.5 – – 47.7 53.7 

Pandalopsis dispar 0.2 < 0.1 – – – – – – 

Sclerocrangon sp. – – – – – – 0.7 < 0.1 

Pagurus sp. – – – – – – 0.3 < 0.1 

MOLLUSCA         

Gastropoda         

Buccinidae gen. sp. 0.2 < 0.1 – – 0.5 < 0.1 – – 

Cephalopoda         

Teuthidae gen. sp. 1.2 < 0.1 – – 0.5 < 0.1 – – 

Berryteuthis magister 18.0 11.2 62.4 69.4 10.3 11.9 19.1 17.2 

Galyteuthis phyllura – – 1.1 1.3 – – – – 

Gonatopsis borealis – – – – – – 0.3 < 0.1 

Octopoda gen sp. 0.7 1.9 1.1 3.0 1.1 0.8 1.0 1.4 

OSTEICHTHYES         

Clupea pallasii 12.4 8.9 – – 8.7 10.4 – – 

Mallotus villosus – – – – – – 0.3 0.9 

Leuroglossus schmidti 0.2 < 0.1 6.5 3.3 – – 0.3 0.1 

Myctophidae gen sp. 3.2 0.1 3.2 0.3 – – 3.0 2.3 

Stenobrachius leucopsarus 0.5 < 0.1 – – 0.5 0.1 0.3 < 0.1 

S. nannochir 3.4 0.3 – – – – – – 

Theragra chalcogramma 19.2 30.8 1.1 1.9 13.0 15.5 2.3 5.1 

Albatrossia pectoralis 0.5 0.9 – – – – – – 

Coryphaenoides cinereus 0.2 0.1 – – – – – – 
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Table 1. continued 

 
1 2 3 4 5 6 7 8 9 

Leptoclinus maculatus – – – – – – 1.0 0.9 
Lumpenella longirostris – – – – 1.1 0.7 – – 

Zoarcidae gen. sp. – – – – – – 0.3 1.2 

Lycodes brevipes 0.2 < 0.1 – – 1.1 1.1 – – 

L. brunneofasciatus – – – – – – 0.3 0.2 

Lycodes concolor – – – – 1.1 1.3 – – 

L. diapterus 0.7 0.2 – – – – – – 

Lycodes sp. 0.5 < 0.1 – – – – 0.3 0.4 

Cottidae gen. sp. – – – – – – 0.7 0.6 

Artediellus sp. – – – – – – 0.3 < 0.1 

Icelus sp. – – – – – – 0.3 0.2 

Triglops scepticus – – – – – – 1.6 2.2 

Dasycottus setiger 0.2 < 0.1 – – – – – – 

Malacocottus zonurus – – – – 1.1 0.7 0.3 0.3 

Sarritor frenatus – – – – – – 0.7 0.1 

Liparidae gen. sp. 0.2 < 0.1 1.1 0.7 – – 0.7 1.2 

Careproctus furcellus 0.2 < 0.1 – – – – – – 

Hippogliossoides elassodon 0.2 0.2 – – – – – – 

Unidentified fish 5.4 0.8 4.3 1.0 14.7 3.6 16.8 10.7 

Fish eggs – – – – – – 0.3 < 0.1 

Fishery offal 43.3 44.4 – – 40.8 53.4 – – 

Unidentified organic material 1.2 < 0.1 – – 5.4 0.2 – – 

Number of stomachs analyzed 589 203 446 1443 
Stomachs with food 411 93 184 300 

Length range, cm 43–102 28–91 37–84 23–78 

Mean length ± SE 69.30 ± 0.43 58.62 ± 0.99 54.83 ± 0.37 49.37 ± 0.25 

Weight range, g 730–14200 140–7700 450–6700 100–6600 

Mean weight ± SE 3537.0 ± 86.2 2385.2 ± 115.1 1828.0 ± 48.5 1452.7 ± 25.4 
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Feeding habits vs. capture depth
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