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1. INTRODUCTION

Dried fish has been a staple food of the Icelanders for centuries. Little information is
available about its functionality and processing but it is mentioned frequently in Icelandic
tales.

In the old days dried fish was the main food in
Iceland and was eaten with butter and sometimes

dulse. There is a tradition for eating dried fish

‘f.::-"""- S - " during the month of Porri, along with other
R e A ( traditional foods. Popularity of dried fish has
& .‘vm“ increased substantially over the last years and it

is widely consumed as a snack in homes and
during holidays. The annual production of dried fish and sales is 200-250 tons, which is
produced from 2.800 — 3.000 tons of gutted fish.
Dried fish is also used as a supplemental food for pets, which is an increasing industry.
The requirement for quality for such production is very strict, especially with regard to
export. Marketing of dried fish abroad has not been very successful.

Dried fish production

Dried fish are miscellaneous products and are produced from catfish, haddock, cod,
pollock, blue whiting and halibut. The most common species are haddock, catfish and
cod. Whole fillet, pieces, blocks and minced fish are used in the production. Over the past
few years there has been great development in the production of dried fish from minced
fish, though the production has decreased in the last year especially because of increased

production costs.

Treatment and production at sea

The raw material for the production of dried fish is always fresh and it is always catched
by line. Such a fishing method is gererally considered as one of the best with regard to the
quality of the raw material and also fullfils the requirements of environmentally friendly
fisheries. The haddock is fished by line using sandlaunce, herring, and saury as a bait.

The haddock is put in slurry ice on board and stored there until filleting the day after.
1



During landing the temperature of the fish is measured and registered. By securing the
best possible hygiene and good manufacturing practices, the original quality of the raw
material is secured.

There are three different processing methods used for the production of dried fish.

Outdoor drying

Before outdoor drying, the fish is filleted by hand, the fillets are trimmed and cleaned and
visible bones and bloodstaines are removed. The fish is prepared by cutting a hole in the
tail before hanging on outdoor stock racks. The fillets are washed in 3,5% brine. The
fillets are hanged on bars (2m*0,5m*0,5m) in the drying station. If the fillets are too
closely adjoined on the bars, the ventilation will not be suffeciently between them.

The Huts (drying houses) are usually
situated near the ocean or other windy
places, to ensure the quickest drying. The

prevailing dry climate in the West Fjord
~ region of Iceland is particularly suitable

ey W

SR SEEC™  for outdoor drying.

Eg. 1. Hut for outdoor drying.
In outdoor drying in flakes the wooden racks with the fishes are ordered on tubs. The tubs
are wheeled to the flakes and the racks are ordered in the flakes.

The fish is only dried in the flakes from September until early May. Outdoor drying
depends on the weather condition and the best temperature for drying is around 0°C. If
the weather condition is unsuitable for outdoor drying, such as rain, snow or high
temperatures, the fish is stored in a freezing compartment until the weather becomes
suitable for drying.

The time of drying in the huts is 4-6 weeks, but the drying time depends on the size of the
fish and weather conditions. If the wind is calm, electrical fans are used to move the air.
A wire gauge is stringed over the fish to protect it from vermin, and sailcloth is tentered
over the flake, to prevent snow, sand, rain and sun from getting in. Weather conditions in
the West fjords region is particularly suitable for outdoor drying of fish, because of the
dry and cold weather during the winter.



Secondary drying:

The dried fish is moved indoors only if the weather is dry, and the moisture content is
then estimated. If the fish is not sufficiently dried, the wooden racks are ordered on tubs,
which are located in the drying station at 10-15 °C., until the right moisture content is
reached and the fish is fully dried. Fans are used to blow the moisture out of the station.
Then the dried fish is put in a special container and

stored at -20°C in a freezer.

Packing
The dried fish is then semimilled or hammered in

special equipment. In the old days, the fish was

hammered manually, which was onerous work.

Fig. 2.Dried fish taken from racks The dried fish is examined in order to exclude all
defectives like damages and bones, which does not regularize the demand of the
consumers and the company about quality. The fish
is then packed.

The packing material is specially made for storing
dried fish. After packing the fish is stored in a

freezing compartment.

Fig. 3. Wrapped dried fish .

Indoor drying, warm:

The treatment of the raw material is the same for indoor drying as for the outdoor drying.
The strength of the brine is 5%, and at the end of the process the fish is frozen and cut
into small pieces and put on racks in a drying cabinet. The warm air heats up the fish and

the remaining water in the fish evaporates causing moisture in the air. Part of the air is



recycled. Indoor drying is carried out at 18-20°C for four days. The fish pieces are dried
at 20-30°C for 36-48 hours. The air velocity in the cabinet is about 3-4 m/sec.

After drying, the fish is packed and stored in a freezing compartment.

Indoor drying, cool:

The treatment of the raw material is the same for indoor drying as for the outdoor drying.

A third method is drying with cool air about -5 — 0°C in the beginning, but the heat is
gradually increased when the moisture content have reached a certain level. The fish is
dried in a controlled cabinet, where the temperature, moisture and air velocity is
controlled in a closed system, as in a warm indoor drying.

Before drying, the fish is put in a 2% brine for 30 minutes or until the salt strength in the
final product reaches 2,5%. After drying, the dried fish is packed and stored in a freezing

compartment.

Health food

Diet greatly affects human health and this has influenced and created for a vast market of
functional foods. The concept “functional foods” originated in Japan and spread from
there to the West 15 years ago. The increased interest in functional foods is due to the
increased expenses in the health services and because the average life span has increased.
Improved knowledge in nutrition has showed how diet can influence human health ©¥.
Today, there exist many different definitions of functional foods, but it always means
food that have special attribution to increase health. ®® 9. In a report from the European
Commission Concerted Action on Functional Food Science in Europe functional food
have to meet the following criteria: “Functional food or medicinal food is any fresh or
processed food claimed to have a health-promoting and/or disease-preventing property
beyond the basic nutritional function of supplying nutrients. Functional foods are
sometimes called nutraceuticals, a blend of the words nutrition and pharmaceutical, and
can include food that has been genetically modified ” ©.

A food supplement is, typically, a nutrient added to a foodstuff which would otherwise
not contain that nutrient. In general, the term is restricted to those additives which are

deemed to be positive for health, growth or well-being © 2.



Fish and health

Numerous researches have shown that fish is good for the health. Based on health results
for the last 40 years, a group of American scientists have concluded that consumption of
fish minimizes the risk of stroke. The group pointed out that it is not enough to look at
the omega-3 fatty acids alone in fish to improve health, one should also consider other
components in fish, such as fish proteins. Proteins are long chains of aminoacids which
form different proteins. At digestion and breakdown of proteins, smaller bioactive
substances are formed, called peptides. They have good effects on the health. . Protein
content in fish is 16-20% of the total weight. According to the regulations protein content
in fresh haddock is about 17-19% but in dried haddock the protein content is about 75-
80% ®,

Seafood contains peptides. Peptides are involved in releasing hormones, controlling the
level of the blood sugar and the metabolism in bones and nerves. By breaking down
protein with fermentation or hydrolysis a peptide is formed ©°.

Seafood contains long chains of omega 3 fatty acids. Many articles have been published
about the importance of omega-3 fatty acids on health, especially on the cardiovascular
system. ®"). The Food and Drug Administration has licenced so-called “Qualified health
claim’s” for traditional food and food supplements which contain omega-3 fatty acids “%.
In 2001 the Consumers’ Association of Iceland carried out a quality study on dried fish
from different producers. The results indicated that there was a difference in the quality
of the dried fish between different producers ®.

To estimate the blood pressure reducing effects it is possible to measure the inhibition of
a substance on angiotensin-1 converting enzyme (ACE). In 1986, ACE inhibitor from
peptides (Val-Tyr) from sardines in Japan was analysed “®. Two years later inhibitor in
tuna fish was analysed ™. ACE inhibition substances were also found in water-soluble
proteins in sardines ®. The viscera silage from tuna fish increased the content of ACE
inhibition 16 times. It also decreased the blood pressure in rats ©. ACE inhibition in

enzymes in krill has also been analyzed 7).



2. RESULTS ON DRIED FISH 1997

In 1997, the Icelandic Fisheries Laboratoies performed out microbial analyses and water
activity measurements on indoor and outdoor dried fish. The fish was measured with and
without the skin.

Microbial analysis

The method used for microbial analysis was according to APHA (1992). Total count was
performed by method using Plate Count Agar (PCA) with 0.5% NaCl and incubated at
22°C for three days. Counting of lactic acid bacteria was done on MRS-S agar with
surface plate method ¥, and incubated at 22°C for three days. Counting of yeasts was
done on Potato Dextrose agar with surface plating, and incubated at 22°C for five days.
Counting of coliform bacteria was done according to MPN method. Preenrichment was
done in LST broth and a confirmation test for total coliforms was done in a BGLB broth
at 35°C and for feacal bacteria in EC broth at 44.5°C. Method for Listeria +/- test was
according to USDA (FSIS) where preenrichment was done in UVM enrichment broth,
then in Fraser broth and stroked on a Modified Oxford Agar (MOX). Counting of
Staphylococcus aureus was done with a streak plate method on a Staphylococcus medium

no.110 at 35°C for three days. Butterfield's buffer was used in all dilutions.

Measurements on water activity

Water activity is defined as the vapour pressure of water divided by that of pure water at
the same temperature, therefore, pure distilled water has a water activity of exactly one.
Water activity was measured by Novasina AW-Center (AWC503 RS-C, Axair AG,

Switzerland) equipment at standard temperature.

Results of measurements of microorganism and water activity

Results from the microbial analyses and water activity measurements in dried fish are
shown in Fig. 4 and 5. Total samples analysed were 65. There was a great difference in

the total average number of bacteria between outdoor and indoor dried fish. Outdoor and
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indoor dried fish showed values of 4 and 7 log cfu/g, respectively. The average number
of lactic acid bacteria, in outdoor- and indoor dried fish showed values of 0.4 and 5.4 log
cfu/g, respectively. Number of yeasts in outdoor dried fish was five times more,
compared to indoor fish. Coliforms were detected in three samples out of 34 in outdoor
dried fish and in 27 samples out of 31 in indoor dried fish. No faecal bacterias were found
in the samples. Listeria was found in one sample out of 65, in outdoor dried haddock
fillets with skin. Staphylococcus aureus was found in sample of indoor dried fillets of

catfish with skin.
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Fig. 5. Number of bacteria and water activity in indoor dried fish.

Despite high number of microorganisms in dried fish, it is not hazardous for people’s
health.

There could be many reasons for the great difference in number of total bacteria between
outdoor and indoor dried fish. Drying conditions could explain the difference. At outdoor
drying conditions concerning temperature, moisture and air velocity are variable.
Conditions for indoor drying are more stable. Temperature at outdoor drying is much
lower and bacteria growth is much slower. In outdoor dried fish, existence of true
psychrophiles should not be considered, because they don’t grow at 22°C. Psychrophiles
have optimum growth temperature of 12-15°C. It should have been preferable to grow the
bacteria in outdoor dried fish at 12-15°C, to compare with growth 22°C.

Average water activity (ay) in outdoor- and indoor dried fish had a value of 0,75 and
0,65, respectively. Generally, there is no microbial growth or toxic formation in food
when the water activity is lower than 0,85. Dried fish products should have water activity
around 0,6. According to rules from FDA from 2001 (http://www-

seafood.ucdavis.edu/haccp/compendium/Chapt04.htm) water activity should be lower

than 0.85 in food that are not stored in a refrigerator.


http://www-seafood.ucdavis.edu/haccp/compendium/Chapt04.htm
http://www-seafood.ucdavis.edu/haccp/compendium/Chapt04.htm

3. OBJECTIVE OF THE PROJECT ,,DRIED FISH AS HEALTH FOOD”

The main objective of this project was to increase the sale and consumption of dried fish

as a health food, both abroad and in Iceland and will focus on:

v" Define and measure primary nutrition- and health factors.

v"Information with regard to the production, characteristics, quality and wholesomeness
of dried fish.

4. MATERIALS AND METHODS

Dried fish samples from different producers were used in this study. The outdoor dried
fish samples were dried for 4 to 6 weeks, and the indoor dried fish samples were dried at
18-22°C or at -1-+2°C for 12 to 20 hours and then at 18-22°C for 20 hours.
The following measurements were performed on the samples:
v’ Protein according to Kjeldahl method 9.
Fat content according to Soxhlet method .
Salt content, NaCl ©.
Ash (16).
TMA @,
TVN @,

Water content 4,

AN N NN Y N N

Trace elements (copper, zinc, arsenic, selen, mercury and lead) were measured
with IPMS after acid treatment. Quantity of the elements were then determined
with ICPMS (Agilent 7500ce, Waldbronn, Germany) and “°Sc, "°Ge, ***In og 2*TI
was used as an internal standard.

v Amino acids composition .

<

Total count of bacteria cultured at 22°C @,

v" Number of Lactic acid bacteria ¥,



5. RESULTS

Following are the results from the measurements of amino acid analyses, chemical- and
trace elements, together with microbial analyses in outdoor and indoor dried fish, 2006.
The results from the measurements of the number of bacteria from 1997 were compared
with the results from 2006.

Protein and amino acid analysis

The results from the amino acids measurements in dried fish are shown in Table 1. The
results were compared with amino acids in eggs (Livsmedelsverket 1996), and the results
showed that dried fish was very rich in amino acids. High quantity of amino acids in
dried fish reflects the high quantity of proteins (77-87 g/100g fish). The quantity of
protein is variable and depends on the drying time of the fish. To enable the comparison
of the samples the quantity of amino acids is calculated as a proportion of nitrogen in
protein (mg/g nitrogen). The results are shown in Table 2.

The quality of protein depends on the amino acids essential in human nutrition in
amounts adequate for human use. Quality wise, an egg nearly fullfils the amount of
proteins needed for human body, second are proteins from milk, fish and meat. Proteins
from plants are poorer. Limiting amino acid is an essential amino acid found in the
shortest supply relative to the amount needed for protein synthesis in the body. Lysine,
methionine, tryptophan or threonine are limiting amino acids in food.

Amino acid scoring evaluates the quality of food proteins by determining its amino acid
composition and comparing it with that of a reference protein. The amino acid
composition of a test protein can be compared with the composition of egg protein, and
amino acid score can be derived to express the theoretical value of the test protein.
Limiting amino acid is found and the amino acid value calculated as a ratio of the amino
acid in a reference protein. In Table 3 the amount of amino acids in dried fish were
calculated as a proportion of amino acids in eggs. The calculation is based on values in
Table 2. One can see that valine is a limiting amino acid, but the proportion is always
above 60 % of the amount of the amino acid in eggs. It can be concluded that protein in
dried fish is of high quality. One can consider that the value of amino acids does not

reflect the efficiency of amino acids in the body, and no information of digestibility of
10



dried fish proteins is available. An excess of one amino acid can create such a demand for
a carrier that it prevents the absorption of another amino acid, leading to a deficiency ¢
Overconsumption of proteins offers no benefits and may pose health risks.

Recommended intakes of proteins for adults is 0,+75 grams per kilogram of healthy body
weight per day. For example, a 70 kg male needs 53 g of proteins per day. To fulfill this
need he has to consume 66 g of dried fish. A 55 kg female needs 41 g of proteins per day,
or 51 g of dried fish.

Generally, there is enough protein in the diet for humans. Some people are looking for
additional protein and others are looking for protein-rich food supplements. Dried fish
could fall in that category, and the results of amino acids in dried fish could help people
to choose a protein-rich food. It is clear that small portions of dried fish can provide the

need of proteins in the body.
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Table 1. Amino acids in dried fish and egg.

Eggs  Haddock fillet Haddock pieces Haddock fillet Haddock pieces Haddock fillet Catfish fillet

Indoor-cold Indoor-cold Indoor-hot Indoor-hot Outdoor Outdoor.

g/100g /1009 g/100g g/100g 9/100g 9/100g g/100g
Essential  amino
acids
Phenylalanine 0,71 3,52 3,613 3,36 3,457 3,44 3,25
Histidine 0,32 2,3 2,419 2,26 2,036 2,65 2,14
Isoleucine 0,73 4,04 4,129 3,87 4,032 3,94 3,77
Leucine 1,15 8,04 8,841 7,85 7,704 7,97 7,48
Lysine 0,99 8,97 9,864 8,86 8,593 9,2 7,82
Methionine 0,44 2,4 2,521 2,34 2,569 2,66 1,96
Tryptophan *) 0,18
Valine 0,95 4,16 4,119 3,96 4,034 4,02 3,82
Threonine 0,61 3,56 3,61 3,36 3,497 3,5 3,48
Total 6,08 36,99 39,12 35,86 35,92 37,38 33,72
Other amino acids
Alanine 0,77 4,94 5,462 4,73 4,531 4,93 4,68
Arginine 0,83 5,42 5,55 5,24 5,318 5,37 5,26
Aspartine acid 1,35 8,32 9,292 8,21 7,998 8,62 8,04
Glutamine acid 1,54 12,31 13,523 12,11 11,78 12,81 11,93
Glycine 0,46 3,68 4,073 3,6 3,384 3,76 3,66
Proline 0,51 2,5 2,772 2,64 2,671 2,76 2,65
Serine 0,99 3,59 3,625 3,39 3,534 3,56 3,45
Taurine **) 0,49 0,414 0,31 0,346 0,47 0,67
Tyrosine 0,56 3,35 3,409 3,22 3,304 3,25 2,98
Total 7,01 44,6 48,12 43,45 42,87 45,53 43,32
Both groups 13,09 81,59 87,236 79,31 78,79 82,91 77,04
Protein 12,6 81,4 84,8 81,1 80,7 81,0 82,7

*) Not analysed.

**) In special circumstances Taurine can be placed as essential amino acid.

12



Table 2. Amino acids in dried fish and egg as a proportion of nitrogen (N).

Haddock Haddock Haddock Haddock Haddock Catfish

Eggs fillets pieces fillets pieces fillets fillets
Indoor-  Indoor- Indoor-  Indoor-
cold cold hot hot Outdoor Outdoor
mg/g N mg/g N mg/g N mg/g N mg/g N mg/g N mg/g N
Essential amino
acids
Phenylalanine 352 270 266 259 268 265 246
Histidine 159 177 178 174 158 204 162
Isoleucine 362 310 304 298 312 304 285
Leucine 570 617 652 605 597 615 565
Lysine 491 689 727 683 666 710 591
Methionine 218 184 186 180 199 205 148
Tryptophan *)
Valine 471 319 304 305 312 310 289
Threonine 303 273 266 259 271 270 263
Total 2927 2840 2883 2764 2782 2884 2548

Other amino acids

Alanine 382 379 403 365 351 380 354
Argenine 412 416 409 404 412 414 398
Aspartine acid 670 639 685 633 619 665 608
Glutamine acid 764 945 997 933 912 988 902
Glycine 228 283 300 277 262 290 277
Proline 253 192 204 203 207 213 200
Serine 491 276 267 261 274 275 261
Taurine **) - 38 31 24 27 36 51
Tyrosine 278 257 251 248 256 251 225
Total 3477 3424 3547 3348 3320 3513 3274
Both groups 6404 6265 6430 6112 6102 6397 5822

*) Not analysed.

**) In special circumstances Taurine can be placed as essential amino acid.
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Tafla 3. Amount of amino acids in dried fish as a proportion of amount of amino acids in egg
(amount of amino acids per gram of nitrogen).

Haddock Haddock Haddock Haddock Haddock Catfish-

Eggs  fillet pieces fillets pieces fillet fillet

Indoor- Indoor- Indoor- Indoor-

cold cold hot hot Outdoor Outdoor
Essential
Amino acids
Phenylalanine 100 77 76 74 76 75 70
Histidine 100 111 112 110 99 129 102
Isoleucine 100 86 84 82 86 84 79
Leucine 100 108 114 106 105 108 99
Lysine 100 140 148 139 136 145 120
Mepionin 100 84 85 83 91 94 68
Tryptophan *)
Valine 100 68 64 65 66 66 61
Threonine 100 90 88 86 90 89 87

Other amino acids

Alanine 100 99 105 95 92 100 93
Arginine 100 101 99 98 100 101 97
Aspartine acid 100 95 102 94 93 99 91
Glutamine acid 100 124 130 122 119 129 118
Glycine 100 124 132 122 115 127 121
Proline 100 76 81 80 82 84 79
Serine 100 56 54 53 56 56 53
Taurine**)

Tyrosine 100 93 90 89 92 90 81

*) Not analysed.
**) |n special circumstances Taurine can be placed as essential amino acid.
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Chemical analysis

Results from the chemical analyses of indoor and outdoor dried fish are shown in table 4.

Table 4. Chemical analysis on indoor and outdoor dried fish.

Fat Salt(NaCl) Ash TMA TVN Water
Sample (%) (%) (%) mgN/100g mg N/100g (%)
Haddock fillets, ind.-cold 0,6 1,6 5,9 18,9 89 14,8
Haddock pieces,ind.-cold 0,8 2,0 6,0 18,4 87 11,3
Haddock fillets, ind.-hot 0,8 3,9 7,1 70,8 150 15,0
Haddock piece, ind.-hot 0,75 4,2 7,5 18,8 81,5 11,3
Haddock fillets, outdoor 0,6 1,2 5,6 22,8 102 15,9

The amount of trimethylamine oxide (TMAOQO) in seafood is 40-120 mg/kg. After death
special microorganisms reoxidate TMAO to trimethylamine (TMA). Total volatile
nitrogen (TVN) contains total amount of volatile nitrogen bases (TMA), together with
nitrogen groups which is synthesised by reaction from proteins. Table 4 shows that total
amount of volatile bases is by far the highest in dried fish from haddock fillets, which
have been dried in hot air indoors. The reason is that by indoor drying at 18-22°C the
drying process takes about 96 hours, and more of volatile nitrogen compounds are formed
than at lower temperature and shorter time. TVN content in indoor dried haddock pieces
is lower, since they are frozen and then dried. Breakdown of nitrogen compounds is less
because of shorter processing time and lower temperature. Generally, salt content for
dried fishproducts is 1,5-2,0%. In indoor hot dried haddock products the salt content is
rather high.

15



Mineral analyses

Minerals may be devided into three categories, according to functionality or importance

for the human body.

v" Elements which are essential for human body. In this category are elements

like iron, copper, zinc, chromium, selenium, calcium, magnesium, lithium, cobalt,

molybdenum, iodine, and fluor.

v' Elements which are nonessential (their function is not fully known). In this

category are elements like tin, nickel, vanadium and manganese.

v' Elements which are toxic in overdose are e.g. cadmium, molybdenum, lead,

mercury, arsenic, borium and tin.

Some of the minerals are essential in small doses, but toxic for the body in overdoses.

Sometimes its function is not known, only that they are essential, e.g. the element

selenium. Prior to 1957 selenium was considered toxic, when its biological function was

discovered. Today there exist biological reactions, where selenium plays important rule

in the process ©®.

Table 5. Mineral analysis on indoor and outdoor dried fish (mg/kg).

Samples Copper  Zinc  Arsenic  Selenium  Cadmium  Mercury Lead

Haddock fillets,ind.-cold 1,58 14,69 23,03 1,51 0,05 0,12 0,04
Haddock piece, ind.-cold 1,05 15,58 31,34 1,93 0,05 0,22 0,02
Hoddack fillets, outdoor 1,05 12,99 21,36 1,98 0,05 0,16 0,03
Haddock fillet ind..hot 1,05 15,84 21,78 1,80 0,05 0,19 0,07
Haddock pieces 1Kkl 1,05 16,24 18,44 1,64 0,05 0,24 0,04
Catfish fillets-outdoor 1,80 46,28 8,52 1,09 0,06 0,36 0,09

It is useful to calculate how large part of RDA comes from 100 grams of dried fish

products. The results are shown in Table 6.
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Table 6. Mineral in 100 grams of dried fish as a ratio (%) of recommended dietary
allowance (RDA).

Tegund synis Kopar Sink Selen
% af RDS % af RDS % af RDS

Haddock fillets, ind.-cold 17% 16 % 3*RDS
Haddock pieces, ind.-cold 12% 17% 3*RDS
Haddock fillets, outdoor 12 % 14 % 3*RDS
Haddock fillets, ind.-hot 12 % 18 % 3*RDS
Haddock pieces, ind.-hot 12% 18 % 3*RDS
Catfish fillets,outdoor 20 % 51 % 3*RDS

Selenium is an essential component of the enzyme glutathione peroxidase, which can be
found in the catalyst glutathione peroxidase, which can be found in red blood cells.
Selenium prevents formation of free radicals which cause ageing, but free radicals are
harmful excreta from cells. Selenium plays the same role as vitamin E, i.e. as an
antioxidant, and minimise the effects of mercury in mammals. RDA for adults varies
between different countries, e.g. in Iceland RDA is 40-50 pgrams per day, but in Finland
the RDA is 110 ugrams per day ©. In dried fish (Table 6) the amount of selenium is
tripled compared to RDA. Since most of selenium compounds from food are water-
soluble, they secrete fast from the body but absorption of selenium in the body is small
®) Because of that there should be no harmful effects from selenium.

Zinc supports the work of numerous proteins in the body. Zinc stabilizes cells
membranes, helping to strengthen their defense against free radical attack. Zinc also
assists in the function of the immune system and in growth and development. It also
participates in the synthesis, storage and release of the hormone insulin in the pancreas,
although it does not appear to play a direct role in insulins action. RDA for adults are 7-9
milligrams per day. The amount of zinc in outdoor dried catfish is higher than in dried
haddock products, or 46 milligrams per kilogram compared to 14-16 milligrams per
kilogram. Thus 100 grams of dried catfish contains half of RDA for zinc.

Arsenic is one of the heavy metals and can be carcinogenic in humans. The amount of
arsenic is three times higher in dried haddock products, than in dried catfish (Table 5),

but still far below dangerous levels.
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Cadmium and mercury are also heavy metals and are related to zinc. Unlike zinc they are
not nutrients and they are harmful. They can react with sulfuric compounds, e.g. in
enzymes and inactivate them and, furthermore they can form toxic organic compounds.
Amount of mercury in dried catfish is higher than in dried haddock, but far below
dangerous level.

Lead was one of the first metals known to be toxic. Children are sensitive towards lead
poisoning. The symtoms are fretfulness, but if the poisoning is serious it can cause
anemia and brain damage. Only nominal amount of cadmium and lead is found in dried
fish, and results show that the amount is far beneth the level of analysis (Table 5). Also, it
can be seen that the amount of mercury is far below the levels that the European Union

have authorised, or 0,5 milligrams per kilogram of fish.

Microbial analyses

Results of microbial analyses in indoor and outdoor dried fish are shown in figure 6. The
number of microorganism is shown on a logarithm scale. There was a great difference in
total number of microorganism in indoor dried (hot air), compared with outdoor dried
fish. The average number of total bacteria in indoor dried fish was 5,4 log cfu/gram and
in outdoor dried fish 3,6 log cfu/gram. The same trend was found in the number of lactic
acid bacteria in indoor dried fish, wheras the number was between 5-6 log cfu/gram, and
beneath 2 log cfu/gram in outdoor dried fish. Both the number of total bacteria and the
number of lactic acid bacteria in indoor dried fish was smaller than in indoor dried
products dried at hotter condition. These results are in correspondence with the results
from 1997. Therefore, number of true phsycrophiles could be higher in outdoor dried
fish, compared to indoor dried fish, but these bacterias do not grow at 22°C .
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Figure 6. Average number of microorganism (in one gram) in indoor and outdoor dried fish. The number
of microorganism is shown above the columns.

6. DISCUSSION AND CONCLUSION

The results indicated that dried fish is a good source of quality protein and also contains
minimal amount of heavy metals, except for selenium.

The results from the project will be useful for all the producers of dried fish in Iceland,
and the restults will be published officially. These results will help the producers of dried
fish to market their products, as the discussion of dried fish will be more positive, and
likely that these products will be more visable in the supermarket.

Export of dried fish considering the popularity of the product domestically. The price of
dried fish is rather high compared with other food products, but not if one considers the
health effects of the food, and that he is dried and only 10% of the original raw material
is commercialized.

The results will give the producers opportunity to increase the marketing abroad, which
could lead to more development in the buisness, especially if one can promote dried fish
as a health food. Furthermore, these results will be available for progressive research on
dried fish and development on this area. It can be meantioned that people at the Tourism

department in Hdlaskoli University are interested in carrying out a marketing research
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and introduce dried fish in relation with tourism and traditional food and are confident
that they can use these results in their research.

The main market for dried fish is domestic, and its sale is highest around borri and during
summer holidays. Results of this research may increase the domestic sale, and stabilze it
over the whole year. Incresing knowledge of dried fish as a health food will, hopefully
open up foreign markets and lead to increasing development to adjust this traditional food
product to those markets. People from Asia and many western countries which
traditionally eat dried seafood products could be very interesting target market for

Icelandic producers of dried fish products.

7. ACKNOWLEDGEMENTS

We will give our special thanks to all of the dried fish producers who were partners in
this project and showed a lot of enthusiasm and cooperation.
We will like to thank AVS-research Fund and the employees of chemical- and

microbiological departments at Matis for their contribution in the project.

20



8. REFERENCES

10.

11.

12.

13.

14,

15.

16.

17.

18.

American Public Health Association (APHA) 1992: Compendium of methods for the
microbiological examination of foods, 3. ed. 1992

AOAC 17" ed. 2000 no. 920.03.

AOAC 17" ed. 2000 no. 976.18. Measurement of salt in fishmeal-Titrino.

AOCS Official method BA and application note Tecator no. AN 301, 1997.

Alexander J., Borch-lohnsen B., Frey H., Kumpulainen J., Meltzer H.M., Grawé Petersen K.,
Petterson R., Rylander R., Sandstrém B., Aro A., Hansen E., Jéhannesson T. 1995. Report of
Nordic project group. Risk evaluation of essential trace elements-essential versus toxic levels of
intake. Ed. Oskarsson A., Nord 1995: 18.

Arnheidur Eyporsdottir og Hjorleifur Einarsson. 2005. Lifvirk efni i islenskum sjavarlifverum;
Forsendur og moguleikar a nytingu (érverur og hryggleysingjar). Skyrsla til AVS. Haskélinn &
Akureyri, 20 bls.

Commission Directive 98/64EC of 3 September 1998 with modifications.

Evrépusambandid, 2003. The basics. Backgrounds on functional foods. Heimasioa
www.org/en/quickfacts/functional _foods.htm.

Fuji M, Matsumura N, Mito K, Shimizu T, Kuwahara M, Sugano SW, Karaki H. 1993.
Antihypertensive peptides in autolysate of bonito bowels on spontaneously hypertensive rats.
Biosci. Biotechnol. Biochem. 57: 2186-2188.

Hasler C.M. 1998. Functional Food: Their role in disease prevention and health promotion,.
Scientific Status Summary. Food Technology, 52 (11): 63-70.

Helga Gunnlaugsdéttir, Margrét Geirsdottir, Arnheidur Eyporsdottir, Hjorleifur Einarsson og
Gudjon borkelsson. 2005. Lifvirk efni i islensku sjavarfangi: Samantekt. Rannsoknarstofnun
fiskidnaoarins, Verkefnisskyrsla Rf, 5-05: 1-15.

Innanhisfréttir Rf. 2004. Fiskneysla dregur Gr heattu & heilablédfalli. Innanhisfréttir Rf
26.07.2004.

International Journal of Food Microbiology 1987. deMan, Rogosa and Sharpe agar with sorbic
acid (MRS-S agar). Volume 5: 230-232.

ISO 6491999. Methyod for analysing the water content in fish and fishmeal.

ISO 5984-2002 (E) Method for analysing ash in fishmeal and feed.

ISO 5983-2:2005. Method for analysing protein in fish or fishmeal.

Kawamura Y, Sugimoto T, Takane T, Satake M. 1992. Physiologically active peptide motification
in proteins, peptide inhibitor of ACE from the hydrolysates of antarctic krill muscle protein. Jarg-
Japan Agricultural Research Quarterly 26 (3): 210-213.

Kawamura Y, Sugimoto T, Takane T, Satake M. 1989. Biologically active peptide form

foodproteins (1), Angiotensin I-converting enzyme inhibiting peptides from water soluble protein
of sardine muscle. Biryo eiyousokenkyu, 6: 117-121.

21


http://www.org/en/quickfacts/functional_foods.htm

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Kohama Y, Matsumoto S, Oka H, Terramoto T, Okabe M, Mimura T. Isolation of angiotensin-
converting enzyme inhibitor from tuna muscle. Biochem. Biophys. Res. Comm. 1988, 155: 332-
337.

Laufey Steingrimsdottir. 2000. Markfadi og fedubdtarefni — hollusta eda auglysingaskrum. |
Manneldi & nyrri 6ld. (Ritstj. Inga Pérsdottir og Bjérn S. Gunnarsson, bls.69-77. Rannsoknarstofa
i neeringarfraedi. Haskéladtgafa, Reykjavik).

Livsmedelverket,1996. Livsmedelstabell — Amynosyror. ISBN 91 7714 0737.

Malle, P and Pommeyrol, M. 1989. A new chemical criterion for the quality control of fish:
Trimethylamine/Total volatile basic nitrogen (%). Journal of Food protection, vol 52, no.6, pp
419-423.

Neytendasamtokin, 2001. Hardfiskur eflir iprdtt og fjér. Neytendabladid, oktober 2001.

Olafur Reykdal, Zulema Sullca Porta. 2003. Getur lambakjét ordid markfadi - Greinagerd, Matra
skyrsla nr. 03:12, Desember 2003.

Olafur Reykdal. 1993. Neringargildi matvaela. Neeringarefnatoflur. 4. Gtgafa. Namsgagnastofnun,
Rannsdknarstofnun landbunadarins.
Philanto-Leppéld A. 2001. Bioactive peptides derived from bovine whey proteins: opioid and ace-

inhibitory peptides. Trends in Food Science and Technology 11: 347-356.

Shaidi F. 1998. Functional seafood lipids and proteins. I: Functional foods. Biochemical &
processing aspects, G.Mazza (ritstj.), Technometic Publishing, Lancaster, 381-401.

Sigridur Jénsdéttir, 2004. Hvad eru snefilefni. http://www.visindavefur.hi.is

Suetsuna, K. and Osajima, K. 1986. The inhibitory activities against angiotensin | convertin
enzyme of basic peptides originating from sardine and hair tail meat. Nippon suisangakkaishi 52:
1981-1984.

Whitney, E.N., Cataldo, C.B. og Rolfes, S.R. 2002. Understanding normal and clinical nutrition.
6. Utg. Wadsworth, Australia.

9. OTHER REFERENCES

o~ E

Finnbogi Jénasson, 2006-7. Hardfiskverkun Finnboga J. Jonassonar. Isafirdi.
Gudrdn Palsdottir, 2006-7. Fiskverkun E.G. Flateyri.

Omar Helgason, 2006-2007. Vestfiskur hf. Stdavik.

Gardar Hinriksson, 2006. Vestfirska Hardfisksalan. Reykjavik.

Halldér Halldérsson, 2006-2007. Gullfiskur, Fisksoluskrifstofan ehf. Hafnarfirdi.
Sigurdur Gunnarsson, 2006-2007. Stigandi, hardfiskverkun. Olafsfirdi.

22


http://www.visindavefur.hi.is/

