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The fatty acid composition and contents of fat and fat-soluble vitamins of three salted products prepared
from Icelandic herring were analyzed. The effects of storage on the products over their shelf life, 6
or 12 months, were investigated. The average oil content of salted, gutted herring and salted fillets
in vacuum remained constant, 17 and 12% of wet weight, respectively. In the pickled product the oil
content decreased during the 12 months of storage from 13 to 12%. The composition of the products
was typical for herring, the most abundant fatty acids being oleic (18:1n-9), palmitic (16:0), cetoleic
(22:1n-11), and gadoleic (20:1n-9) acids. Monounsaturated acids constituted clearly the main group
with a proportion of >50% of all fatty acids. Eicosapentaenoic acid (EPA, 20:5n-3) and docosa-
hexaenoic acid (DHA, 22:6n-3) comprised together >12% of all fatty acids. During storage, some
hydrolysis of triacylglycerol (TAG) occurred, causing a slight reduction in practically all esterified fatty
acids. In none of the three products was the loss of polyunsaturated fatty acids from TAG greater
than the loss of saturated ones, indicating that the loss of EPA and DHA was not due to oxidation.
After packing, the average content of vitamins A, D, and E in the products varied between 27 and 87
µg/100 g (wet weight), between 17-28 µg/100 g (wet weight), and between 77-120 µg/100 g (wet
weight), respectively. During storage, the level of vitamin A decreased significantly, whereas no loss
of vitamin D was observed. The content of vitamin E was low in all products and showed wide variation.
When compared to the recommended daily intake, it could be concluded that the products investigated
were good and stable sources of long-chain n-3 fatty acids (EPA, DHA) and vitamin D.
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INTRODUCTION

The nutritional importance of fish is universally acknowl-
edged. Especially fatty fish is rich in polyunsaturated long-chain
n-3 fatty acids (PUFA). The PUFA in fish seem to have a
beneficial effect on health by, for example, decreasing the risk
of stroke, reducing serum triacylglycerol levels, reducing blood
pressure, and insulin resistance and modulating the glucose
metabolism (1). Moreover, fatty fish is an important source of
fat-soluble vitamins, especially vitamin D. The principal physi-
ological function of vitamin D is to maintain calcium concentra-
tions within a physiologically acceptable range (2). In addition,
vitamin D has a role in the activity of many enzymes (3),
proliferation of colon cells (4), and function of the nervous
system (5).

One of the fattiest fish in northern waters is the Atlantic
herring (Clupea harengus) (6). It is caught in the North Atlantic
from Iceland, southern Greenland and northern Norway to

northern Spain and the coastal areas of North America (7). Due
to the large living area and seasonal variation, its lipid content
can exceed 20% or be<8% (8-10). A characteristic feature of
herring oil is the high amount of long-chain polyunsaturated
fatty acids, which makes herring susceptible to oxidation (11)
and may limit processing and storage.

Atlantic herring is not normally consumed as round fish or
fillets as most of the catch is processed before sale. Salting,
spice-salting, and marinating are typical ways to process herring
in Europe (11). The primary purpose of salting is preservation
but, at the same time, the ripening continues, giving the product
its typical taste, odor, and texture (12). Fully matured salted
herring can be used, for example, as a raw material for pickled
products. In Finland,∼1500-1900 tons of salted Atlantic
herring is processed annually. The major amount of herring is
caught and salted in Iceland and imported in barrels to Finland
(13,14). In Finland, the herring is further processed into many
types of semipreserves, the shelf lives of which can be several
months.

The ripening process of herring during salting has been widely
investigated (12,15,16). However, there is a lack of information
concerning the chemical composition of salted and marinated
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herring products. Thus, the aim of this study was to investigate
the fatty acid composition and content of fat-soluble vitamins
in three salted herring products. In addition, the effect of storage
on the products over their shelf lives, 6 and 12 months, was
investigated.

MATERIALS AND METHODS

Sample Collection and Preparation.Three salted herring products
and their raw materials were analyzed. The raw materials (autumn
herring) were caught and placed into barrels in Iceland and further
processed at a local fish factory in Finland (Boyfood Oy, Rymättyla¨).
All of the raw materials had passed a long ripening process (∼6 months)
in barrels and were fully matured. The products were light-salted, gutted
herring in vacuum (raw material: sugar-salted, gutted herring in barrel),
light-salted herring fillets in vacuum (raw material: sugar-salted fillet
in barrel), and pickled herring pieces in glass jars (raw material: spice-
salted fillet in barrel). The salt contents of the products were 7.5, 7.0,
and 7.0%, respectively. The gutted herring was headless but contained
backbone and skin, which are typically removed before eating. The
shelf lives defined by the fish factory were 6 months for gutted herring
and fillets and 12 months for pickled herring. Three batches of each
product were analyzed. Samples were taken from the raw material as
well as from all of the products immediately after packing, at 3 and 6
months (gutted herring and fillets) or at 6 and 12 months (pickled
herring).

Before analyses, the pickle was removed from the products. The
fish were then placed on a sieve, and the fluid was allowed to flow
through. After that, the samples were prehomogenized using a Robot
Coupe R8 (Robot Coupe S.A., Bourgogne, France), and the final
homogenizing was done using a Moulinette (Moulinex, Ecully Cedex,
France) homogenizer. For each product two samples of every batch at
different stages of storage were homogenized. One sample consisted
of 5-10 gutted herring (∼1500-3000 g), 7-20 fillets (∼600-1800
g), or 12 jars of pickled herring (∼1080 g) depending on the samples
available. The homogenized samples were stored at-70 °C (lipid and
vitamin samples) or at-20 °C (moisture samples) until analyzed.

Extraction of Lipids. Lipids were extracted according to the
modified Folch method (17) as described by Aro et al. (18). After
gravimetric quantifying, the extracted lipid fraction was totally dissolved
in hexane containing 0.02% butylated hydroxytoluene. The headspace
volume of the sample vials was replaced with nitrogen, and the vials
were stored at-70 °C for esterification. Two subsamples of each
homogenized sample were extracted. The accuracy of the lipid content
analysis was checked by using a commercial reference material
(Mackerel Paste, Certified Reference Material LGC7101, Laboratory
of the Government Chemists, Teddington, U.K.).

Fatty Acid Analysis. Fatty acid methyl esters were prepared by using
a base-catalyzed transesterification according to that of Christie (19).
For quantitative analysis an internal standard glyceryl trinonadecanoate
(Larodan, Malmö, Sweden) was added to the samples prior to
transesterification. Fatty acid methyl esters were analyzed using a
Perkin-Elmer AutoSystem gas chromatograph (Norwalk, CT) equipped
with a flame ionization detector, a split injector, and a fused silica
capillary column (Supelcowax-10, 30 m× 0.32 mm i.d., 0.25µm film
thickness, Supelco, Bellefonte, PA). The temperature program was 2
min at 120°C, raised at 4°C/min to 200°C, 55 min at 200°C, raised
at 10 °C/min to 240°C, and 10 min at 240°C. The temperatures of

the injector and detector were 225 and 240°C, respectively. Helium
was used as the carrier gas with a split ratio of 40:1, and the flow rate
through the column was 1.2 mL/min. Fatty acids were identified using
mixtures of commercial fatty acid methyl esters (68 D, Nu Chek Prep,
Elysian, MN; and Supelco 37 Component FAME Mix, Supelco,
Bellefonte, PA) and single methyl ester reference compounds (methyl
cis-11-eicosenoate and methylcis-13-docosenoate: Larodan, Malmo¨,
Sweden). To follow the possible hydrolysis of fatty acids from
triacylglycerols (TAG) the fatty acids were also analyzed by the boron
trifluoride method (20) using the same analytical procedure as above.

Moisture Analysis. Moisture was determined by drying homog-
enized fish samples (6 g) at 105°C for 16-18 h.

Vitamin Analysis. Saponification and extraction of vitamins A and
E were performed according to the method of Ollilainen et al. (21).
The determination of vitamin D was performed using internal standard
according to NMKL Method 167 (22). This method includes saponi-
fication, extraction, purification using straight phase HPLC, and finally
separation of vitamin D with reversed-phase HPLC. Standard solutions
were freshly made for each sample set.

Vitamins A and E were determined simultaneously using a Waters
510 HPLC pump (Milford, MA), a Waters 717 autosampler, a Waters
486 UV detector operated at 325 nm, and a Waters 996 fluorescence
detector programmed for excitation at 295 and emission at 330 nm.
Signals from both detectors were recorded by the Waters Empower
chromatographic data system. The chromatographic separation was
performed with a Merck Lichrosorb Si60 column (5µm. 4.6 mm× 25
mm, Merck, Darmstadt, Germany). The solvent consisted ofn-hexane/
2-propanol (97.5:2.5). The flow rate was 1 mL/min.

Vitamin D was determined with a UV detector (Milford, MA) set
at 265 nm. Fractions from a WatersµPoracil normal phase column
(3.9 mm× 300 mm, Milford, MA) were collected with a Gilson FC203
fraction collector (Gilson Medical Electronics, Milwaukee, WI). The
solvent consisted ofn-hexane/2-propanol/tetrahydrofuran (98:1:1). The
flow rate was 1 mL/min. The final separation of vitamin D was
performed using a Vydac TP 201TP54 reversed phase column (4.7 mm
× 250 mm, Grace Vydac, Hesperia, CA) with a solvent consisting of
methanol/water (97:6) and the flow rate set to 1 mL/min.

Intratest reproducibilities calculated as CV% were 4.1 for vitamin
E, 3.3 for vitamin A, and 6.6 for vitamin D. The limits of detection
were 0.04µg/100 g, 20µg/100 g, and 0.2 mg/100 g for vitamins D, A
and E, respectively.

Statistical Analysis.Statistical analysis was performed using SPSS
software, version 10.0. Comparisons of fat content, fatty acid composi-
tions, and moisture content between different stages of storage were
tested using an ANOVA test. The differences in vitamin contents
between unstored and stored products were tested using independent
samplest tests. When the assumptions for the ANOVA test were not
fulfilled, Kruskal-Wallis and Mann-WhitneyU tests were used.

RESULTS AND DISCUSSION

Moisture and Fat Contents. The water content ranged
between 57 and 60% in the gutted herring and pickled product
(Table 1). In fillets, the content was slightly higher,∼62%.
The average fat contents of gutted herring and fillets were 17
and 12% of wet weight, respectively, the contents remaining
quite constant during storage. The contents were similar to those
reported for salted Icelandic herring caught in autumn (12,15).

Table 1. Fat and Moisture Contents in Salted Herring Productsa

gutted herring fillets pickled herring

sample fat (w/w %) moisture (%) fat (w/w %) moisture (%) fat (w/w %) moisture (%)

raw material 16.4 ± 1.0 ab 57.7 ± 1.2 a 12.0 ± 1.4 a 62.2 ± 1.2 a 13.8 ± 0.7 a 57.5 ± 0.6 a
0 months 16.0 ± 0.5 a 58.0 ± 0.8 a 12.0 ± 1.0 a 62.3 ± 0.9 a 13.1 ± 0.6 a 57.0 ± 1.4 ab
3 months 17.2 ± 1.0 b 57.3 ± 1.0 a 11.8 ± 0.3 a 62.1 ± 0.1 a
6 months 17.1 ± 0.6 b 58.3 ± 2.9 a 11.9 ± 0.6 a 62.0 ± 0.8 a 11.8 ± 1.3 b 56.3 ± 0.7 b
12 months 11.5 ± 0.4 b 60.1 ± 0.2 c

a For each parameter, different letters in the same column denote significant differences among samples (p < 0.05).
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In the pickled product, the fat content was∼13% just after
manufacturing but decreased during 12 months of storage to
12%, with some oil possibly being released into the pickling
sauce. Engvang and Nielsen (23) reported that the fat content
of sugar-salted herring decreased from 18.9 to 15.3% during
26 weeks of storage.

In general, the oil content of herring is highly dependent on
the catching area, season, and sexual maturation. Herring stores
large quantities of lipids during the feeding season and uses
these as an energy source when the food supply is at minimum
(24, 25). Usually the lowest oil values occur at spawning time

or thereafter due to the increased consumption of fat reserves
(9, 26, 27). In contrast to lean fishes, which store fat in the
liver, herring stores fat in the flesh and under the skin (28).
This explains the higher fat values measured in gutted herring
compared to other products made from skinless raw material.

Fatty Acid Composition. The composition of esterified fatty
acids of raw materials and the three products are shown in
Tables 2-4.

Raw Materials and Nonstored Products.The most abun-
dant fatty acids were oleic (18:1n-9), palmitic (16:0), cetoleic
(22:1n-11), and gadoleic (20:1n-9) acids. Monounsaturated

Table 2. Fatty Acids in Salted, Gutted Herringa

raw material storage time of the product

sugar-salted, gutted herring 0 months 3 months 6 months

fatty acid g/100 g of fat % of all FAs g/100 g of fat % g/100 g of fat % g/100 g of fat %

14:0 5.3 ± 0.4 a 6.4 5.4 ± 0.4 a 6.5 5.1 ± 0.3 a 6.5 5.2 ± 0.3 a 6.6
16:0 14.3 ± 0.8 a 17.1 14.0 ± 0.9 ab 16.8 13.5 ± 0.6 ab 17.2 13.3 ± 0.7 b 16.8
18:0 1.2 ± 0.1 a 1.4 1.2 ± 0.1 a 1.4 1.1 ± 0.0 ab 1.4 1.1 ± 0.1 b 1.4
others 0.7 ± 0.0 0.8 0.7 ± 0.1 0.8 0.7 ± 0.0 0.8 0.7 ± 0.0 0.8
Σ SAFA 21.5 ± 0.8 a 25.7 21.3 ± 1.3 ab 25.5 20.4 ± 0.8 bc 26.0 20.2 ± 0.8 c 25.7

16:1n−7 4.8 ± 0.3 ab 5.8 4.9 ± 0.3 a 5.8 4.6 ± 0.2 b 5.8 4.5 ± 0.2 c 5.7
18:1n−9 15.0 ± 1.0 a 17.9 15.0 ± 1.0 a 18.0 14.3 ± 0.7 a 18.1 14.6 ± 1.0 a 18.5
18:1n−7 3.0 ± 0.2 a 3.6 2.9 ± 0.2 ab 3.4 2.7 ± 0.1 b 3.4 2.9 ± 0.2 ab 3.6
20:1n−9 7.0 ± 0.9 a 8.4 7.4 ± 0.9 a 8.9 6.7 ± 0.5 a 8.5 7.1 ± 0.6 a 9.0
22:1n−11 10.4 ± 1.3 a 12.4 11.0 ± 1.5 a 13.2 9.9 ± 0.9 a 12.5 10.5 ± 0.9 a 13.3
others 2.3 ± 0.1 2.7 2.3 ± 0.2 2.8 2.1 ± 0.2 2.7 2.2 ± 0.1 2.8
Σ MUFA 42.6 ± 2.0 a 50.9 43.5 ± 2.8 a 52.1 40.2 ± 1.9 b 51.1 41.7 ± 1.0 ab 53.0

18:2n−6 1.1 ± 0.0 a 1.4 1.1 ± 0.1 ab 1.4 1.1 ± 0.1 bc 1.4 1.0 ± 0.0 c 1.3
18:4n−3 2.4 ± 0.3 a 2.9 2.2 ± 0.2 ab 2.6 2.3 ± 0.1 a 2.9 2.0 ± 0.2 b 2.6
20:5n−3 5.8 ± 0.4 a 7.0 5.5 ± 0.4 ab 6.5 5.3 ± 0.2 bc 6.7 5.0 ± 0.3 c 6.3
22:6n−3 6.1 ± 0.5 a 7.3 5.8 ± 0.4 ab 7.0 5.6 ± 0.2 b 7.1 4.9 ± 0.3 c 6.3
others 1.5 ± 0.1 1.8 1.5 ± 0.1 1.8 1.4 ± 0.1 1.8 1.3 ± 0.1 1.7
Σ PUFA 17.1 ± 0.9 a 20.4 16.1 ± 1.1 b 19.3 15.6 ± 0.5 b 19.9 14.3 ± 0.8 c 18.2

unidentified 2.5 ± 0.2 ab 3.0 2.6 ± 0.2 a 3.1 2.4 ± 0.1 b 3.0 2.5 ± 0.1 ab 3.2
Σ all fatty acids 83.7 ± 2.4 a 100 83.6 ± 4.9 a 100 78.7 ± 2.7 b 100 78.7 ± 2.3 b 100
n−3/n−6 ratio 9.4 ± 0.7 a 9.0 ± 0.5 ab 9.2 ± 0.5 a 8.6 ± 0.3 b

a For each parameter, different letters in the same row denote significant differences among samples (p < 0.05).

Table 3. Fatty Acids in Salted Herring Filleta

raw material storage time of the product

sugar-salted fillet 0 months 3 months 6 months

fatty acid g/100 g of fat % of all FAs g/100 g of fat % g/100 g of fat % g/100 g of fat %

14:0 5.4 ± 0.5 ab 6.2 5.5 ± 0.3 a 6.3 5.1 ± 0.4 ab 6.2 5.2 ± 0.2 b 6.5
16:0 14.8 ± 1.5 ab 17.1 15.0 ± 0.8 a 17.2 14.2 ± 1.0 ab 17.2 13.5 ± 0.7 b 17.0
18:0 1.2 ± 0.1 a 1.4 1.2 ± 0.1 a 1.4 1.2 ± 0.0 a 1.4 1.1 ± 0.1 b 1.4
others 0.7 ± 0.1 0.8 0.7 ± 0.0 0.8 0.7 ± 0.0 0.8 0.6 ± 0.0 0.8
Σ SAFA 22.1 ± 2.0 ab 25.6 22.4 ± 1.1 a 25.7 21.2 ± 1.5 ab 25.7 20.4 ± 0.8 b 25.7

16:1n−7 4.9 ± 0.5 a 5.7 5.0 ± 0.3 a 5.7 4.9 ± 0.4 a 5.9 4.7 ± 0.3 a 5.9
18:1n−9 16.4 ± 2.2 a 18.9 16.1 ± 1.3 a 18.4 15.9 ± 0.8 a 19.3 15.1 ± 0.8 a 19.0
18:1n−7 3.2 ± 0.5 ab 3.8 3.2 ± 0.3 a 3.7 3.1 ± 0.2 ab 3.7 2.9 ± 0.2 b 3.6
20:1n−9 7.6 ± 0.7 a 8.8 7.7 ± 0.5 a 8.8 7.3 ± 0.3 a 8.9 7.3 ± 0.4 a 9.2
22:1n−11 11.4 ± 1.2 a 13.3 11.6 ± 0.6 a 13.2 10.9 ± 0.4 a 13.3 11.0 ± 0.7 a 13.9
others 2.4 ± 0.1 2.8 2.4 ± 0.1 2.8 2.3 ± 0.1 2.8 2.3 ± 0.1 2.9
Σ MUFA 45.9 ± 2.8 a 53.3 46.0 ± 2.6 a 52.6 44.4 ± 2.0 ab 53.9 43.2 ± 1.5 b 54.5

18:2n−6 1.1 ± 0.1 ab 1.3 1.1 ± 0.0 b 1.3 1.0 ± 0.1 ac 1.3 1.0 ± 0.0 c 1.3
18:4n−3 2.0 ± 0.3 ab 2.4 2.2 ± 0.2 b 2.5 1.9 ± 0.1 ac 2.2 1.7 ± 0.1 c 2.2
20:5n−3 5.1 ± 0.6 ab 6.0 5.3 ± 0.3 b 6.1 4.8 ± 0.3 ac 5.8 4.4 ± 0.3 d 5.6
22:6n−3 5.7 ± 0.5 a 6.7 6.2 ± 0.3 b 7.2 5.2 ± 0.3 c 6.3 4.8 ± 0.4 c 6.0
others 1.3 ± 0.1 1.5 1.4 ± 0.1 1.6 1.3 ± 0.1 1.5 1.2 ± 0.1 1.5
Σ PUFA 15.3 ± 1.2 a 17.8 16.2 ± 0.7 a 18.6 14.2 ± 0.7 b 17.2 13.1 ± 0.9 c 16.5

unidentified 2.8 ± 0.3 a 3.3 2.7 ± 0.2 ab 3.1 2.6 ± 0.1 ab 3.2 2.6 ± 0.1 b 3.3
Σ all fatty acids 86.1 ± 5.1 ab 100 87.4 ± 4.1 b 100 82.4 ± 4.0 ac 100 79.3 ± 2.6 c 100
n−3/n−6 ratio 9.1 ± 1.0 abc 9.3 ± 0.6 a 8.6 ± 0.4 bc 8.4 ± 0.3 c

a For each parameter, different letters in the same row denote significant differences among samples (p < 0.05).
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acids clearly constituted the main group with proportions of
51-54% of all fatty acids. The high amount of monounsaturated
fatty acids and the especially high level of cetoleic acid are
typical for Atlantic herring (29-33). It has been estimated that
herring obtains 20:1 and 22:1 acids from small zooplanktonic
crustacea, which are rich in the corresponding fatty alcohols in
their wax esters (34-36).

The total amount of polyunsaturated fatty acids was∼17-
20% of all fatty acids. Within this group, the major fatty acids
were eicosapentaenoic acid (EPA, 20:5n-3) and docosa-
hexaenoic acid (DHA, 22:6n-3). According to previous studies,
the proportions of EPA and DHA in fillets of Atlantic herring
may vary from 3.7 to 8.0% and from 3.9-9.6%, respectively
(6, 9, 37). Thus, the proportions (6-7%) measured in this study
fitted well within this range.

In the case of gutted herring and salted fillets, the fatty acid
compositions of raw materials and nonstored products were quite
similar. During the processing of pickled herring the total levels
of fatty acids decreased significantly. Slicing the fillets and
placing them into glass jars seemed to have a significant effect
on fatty acid composition.

Some differences could be noted in the fatty acid composi-
tions among the products. Pickled herring pieces contained less
oleic acid and more cetoleic acid than salted fillets. Both
products were prepared from herring fillets, and the difference
was already observed in the raw material. The total amount of
monounsaturates was slightly lower and polyunsaturates slightly
higher in gutted fish than in the fillets or pickled fish. The same
phenomena have been previously found in Baltic herring (18).
The level of PUFA in herring skin is not higher than in light or
dark muscles (28), but the parts removed during filleting may
be rich in polyunsaturates. Differences may also in part be due
to a natural variation between two raw materials not of the same
lot.

Storage.In all products, the total amount of esterified fatty
acids analyzed decreased during storage. Esterified fatty acids
comprised∼80-87% of total lipids just after packing, but at
the end of the storage the proportion was∼79% in gutted herring

and fillets and∼73% in the pickled herring. In gutted herring
and fillets the change was most pronounced in the group of
polyunsaturated fatty acids: Decreases of 11% in gutted herring
and 19% in fillets were observed when calculated using the
grams per 100 g of fat values. However, these values did not
differ significantly from the corresponding values among the
saturated fatty acids. In the pickled product, again, the decrease
was greatest in saturated fatty acid (10%), whereas the amount
of polyunsaturates decreased by∼7%. When all three products
were compared, no clear trend could be observed in individual
fatty acids. For example, the level of EPA decreased in salted
fillets after 3 months of storage and in gutted herring after 6
months storage, whereas in pickled pieces no decrease was
observed during the entire shelf life. The decrease in the absolute
amounts indicates that some hydrolysis has occurred during
storage. The results of the boron trifluoride method showed that
the total amounts and proportions of fatty acids remained
unchanged throughout the whole 6 or 12 month period. Also,
the amounts of EPA and DHA were quite stable. Hernández-
Herrero et al. (38) found that free fatty acid contents increased
gradually during the ripening of salted anchovies. They stated
that salting did not inhibit the action of lipases responsible for
the liberation of free fatty acids.

Oxidation analyses were not done from the stored products,
and we cannot completely exclude the possibility that some
oxidation of the polyunsaturated fatty acids has occurred. It is
known that salting is an operation which promotes oxidation in
fish (39,40). It is supposed that the pro-oxidant effect of NaCl
is based on its capability to disturb the interactions between
iron ions and proteins and, therefore, to leave more free iron
ions to interact with lipid fraction (41). Metal ions accelerate
lipid oxidation, and the effect of Fe2+ is the highest among them
(39). In herring the iron and other pro-oxidants are especially
concentrated in dark muscle (28). Aubourg and Ugliano (42)
have studied the effect of brine pretreatment on the lipid stability
of frozen horse mackerel and found that the higher the NaCl
content in the brine, the higher the rancidity in fish. On the
other hand, the same study showed that salting inhibited lipid

Table 4. Fatty Acids in Pickled Herringa

raw material storage time of the product

spice-salted fillet 0 months 6 months 12 months

fatty acid g/100 g of fat % of all FAs g/100 g of fat % g/100 g of fat % g/100 g of fat %

14:0 6.3 ± 0.5 a 7.1 5.8 ± 0.5 ab 7.3 5.5 ± 0.5 b 7.2 4.4 ± 0.3 c 6.0
16:0 14.0 ± 1.0 a 16.0 12.5 ± 1.0 bc 15.7 12.4 ± 0.5 b 16.3 11.8 ± 0.5 c 16.1
18:0 1.0 ± 0.1 ac 1.2 0.9 ± 0.1 b 1.2 1.0 ± 0.1 ab 1.3 1.1 ± 0.0 c 1.5
others 0.7 ± 0.1 0.8 0.6 ± 0.1 0.8 0.7 ± 0.0 0.9 0.6 ± 0.0 0.9
Σ SAFA 22.0 ± 1.5 a 25.1 19.9 ± 1.6 b 25.0 19.5 ± 1.6 b 25.5 17.9 ± 0.8 c 24.4

16:1n−7 5.0 ± 0.4 a 5.7 4.5 ± 0.4 b 5.6 4.3 ± 0.1 b 5.7 3.9 ± 0.2 c 5.4
18:1n−9 12.6 ± 1.2 a 14.3 11.0 ± 1.0 b 13.7 12.3 ± 0.6 ab 16.2 13.5 ± 0.6 a 18.4
18:1n−7 2.8 ± 0.2 a 3.2 2.4 ± 0.3 b 3.0 2.3 ± 0.2 b 3.1 2.5 ± 0.1 b 3.4
20:1n−9 9.4 ± 0.7 a 10.7 8.9 ± 1.0 a 11.1 7.7 ± 0.9 b 10.1 7.0 ± 0.2 b 9.5
22:1n−11 15.2 ± 1.5 a 17.3 14.2 ± 1.8 a 17.8 11.9 ± 1.4 b 15.6 10.8 ± 0.4 b 14.8
others 2.5 ± 0.2 2.8 2.3 ± 0.2 2.9 2.1 ± 0.1 2.8 2.1 ± 0.1 2.9
Σ MUFA 47.4 ± 3.5 a 54.0 43.3 ± 3.9 ab 54.1 40.8 ± 1.3 b 53.3 39.8 ± 0.8 b 54.4

18:2n−6 1.1 ± 0.1 a 1.3 1.0 ± 0.1 b 1.2 1.0 ± 0.0 b 1.3 1.0 ± 0.0 b 1.3
18:4n−3 2.2 ± 0.2 a 2.6 2.0 ± 0.2 ab 2.6 2.0 ± 0.2 b 2.6 1.7 ± 0.1 c 2.3
20:5n−3 5.4 ± 0.4 a 6.2 4.9 ± 0.5 ab 6.1 4.4 ± 0.3 b 5.8 4.4 ± 0.1 b 6.0
22:6n−3 5.4 ± 0.4 a 6.2 4.9 ± 0.4 b 6.1 4.8 ± 0.3 b 6.3 4.8 ± 0.3 b 6.5
others 1.3 ± 0.1 1.4 1.2 ± 0.1 1.5 1.3 ± 0.1 1.7 1.2 ± 0.1 1.7
Σ PUFA 15.5 ± 1.1 a 17.6 14.0 ± 1.3 b 17.5 13.5 ± 0.5 b 17.7 13.1 ± 0.5 b 17.9

unidentified 2.9 ± 0.3 a 3.3 2.7 ± 0.3 ab 3.4 2.5 ± 0.1 bc 3.3 2.4 ± 0.1 c 3.2
Σ all fatty acids 87.9 ± 6.1 a 100 79.9 ± 7.0 b 100 76.2 ± 2.3 b 100 73.0 ± 1.9 c 100
n−3/n−6 ratio 9.3 ± 0.4 a 9.1 ± 0.3 a 8.6 ± 0.5 b 8.3 ± 0.2 b

a For each parameter, different letters in the same row denote significant differences among samples (p < 0.05).
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hydrolysis during long-term frozen storage but could not prevent
it. In our investigation, oxidation can by no means be the major
reason for changes in the fatty acids, because typically different
profiles in the disappearance of mono- and polyunsaturates were
not observed.

Vitamins. Vitamin contents were analyzed from the samples
taken after packing and at the end of the shelf life (Table 5).
After packing, the levels of vitamin A ranged from 23 to 159
µg/100 g, and the highest levels were measured in the gutted
herring. During storage, the concentrations decreased signifi-
cantly, being under the limit of determination in most of the
fish samples at the end of the storage period. Vitamin A activity
in food is based on retinoids and carotenoids, which can be
converted into retinol (vitamin A1) or related compounds in the
body. According to the study of Ollilainen et al. (21) the main
retinoids in sugar-salted herring areall-trans-retinol (16.5(
0.4 µg/100 g of fresh weight), 13-cis-retinol (9( 0.7 µg/100
g), and 11-cis-retinol (6 ( 0.6 µg/100 g). Among the many
fish species and fish products, the two latter compounds have
been detected in sugar-salted and marinated herring only.
Compared to the present study, the total amount of the three
retinols,∼30 µg/100 g, was at the same level as that obtained
in salted fillets and pickled herring.

The highest concentrations of vitamin D were also found in
the gutted herring, but the difference between gutted and filleted
fish was not as clear as with vitamin A. The contents in herring
products varied between 12 and 34µg/100 g, being at the same
levels or even slightly higher than previously reported for some
unprocessed fish samples (43, 44). In fish the predominant

compound is cholecalciferol, vitamin D3 (45). Its concentration
varies within different species and also within the same species
caught in different areas (43, 46). This difference is typically
caused by varying dietary factors of fish (47). In the present
investigation, the vitamins were analyzed in pooled herring
samples caught in the same season, and thus it is assumed that
the diet of the fish remained quite constant. According to
previous studies, cooking and storage at home cause only minor
losses of vitamin D (44). In the present study no loss at all of
vitamin D was observed during storage.

In freshly packed products, the vitamin E content varied
between 80 and 295µg/100 g. Many of the results were under
the limit of determination, but the tendency showed clearly that
the concentrations were lower than previously found in raw
herring fillets (8, 48), Baltic herring fillets (49), or Baltic herring
products (45). The effect of storage was not clear, mainly due
to the high variation among the products. The variation could
be related to low values, but according to a previous study, the
predominant vitamin E compound in marine animals,R-toco-
pherol, can show large variation in individual herrings (28). The
variation has been explained by genetic differences or unequal
storage conditions but may also be dependent on the maturation
stage and seasonal variation in oil content (8, 28,50). However,
in our investigation the products were salted, and thus the high
variation as well as low contents of vitamin E could also be
related to the salting process.

Nutritional Aspect. The average compositions of salted fillets
and pickled herring are compared to the nutritional recom-
mendations inTable 6. Gutted herring is not included because
it is normally deboned and skinned before use, after which the
composition is similar to that of the fillet. Recommendations
for the supply of long-chainn-3 fatty acids, EPA and DHA,
vary from 0.3 to 0.5% of daily energy (51,52). The lower limit
can be obtained by eating one meal of herring product, but in
order to obtain the higher dose recommended (0.5% of the daily
energy),>100 g of salted herring should be eaten. Mainly due
to the high salt content, one portion of salted herring is usually
only 15-50 g (53).

During recent years, special attention has been paid to the
ratio of n-3 andn-6 fatty acids because a very high intake of
n-6 acids has been recognized to be less desirable (54).
However, there is no one answer to the question of the optimal
ratio of these acids in the diet. Simopoulos (55) has stated that

Table 5. Vitamins A, D, and E Contentsa in Salted Herring Products

product
storage time

(months) vitamin A vitamin D vitamin E

gutted herring 0 32−159b 26−30 80−157
6 ndc 23−34 nd−230

fillets 0 23−29b 16−17b 89−99
6 nd 21−24 nd−295

pickled herring 0 26−30b 17−19 68−84
12 nd−20 12−25 60−170

a Range of three pooled samples (micrograms per 100 g of wet weight).
b Significant difference between 0 and 6/12 months stored products (p < 0.05).
c Not detected.

Table 6. Recommended Daily Allowances of Polyunsaturated Fatty Acids and Fat-Soluble Vitamins Compared to Average Intake from Salted Herring
Products

content in a meal (15−50 g)a

fillets pickled herring recommendation ref

EPA + DHA 0.19−0.62 g 0.19−0.63 g 0.65 g/day 51
EPA + DHA 0.07−0.22% of energyb 0.07−0.23% of energyb 0.5% of energy 52

0.3% of energy 51

EPA 0.09−0.30 g 0.09−0.31 g minimum 0.22 g/day 51
0.03−0.11% of energyb 0.03−0.11% of energyb 0.1% of energy 51

DHA 0.1−0.33 g 0.1−0.32 g minimum 0.22 g/day 51
0.04−0.12% of energyb 0.04−0.12 of energyb 0.1% of energy 51

n−3 PUFA 0.09−0.30% of energyb 0.09−0.30% of energyb minimum 0.2% of energy 56
n−6 PUFA 0.01−0.04% of energyb 0.01−0.04% of energyb minimum 1.0% of energy 56
PUFA 0.1−0.33 of energyb 0.1−0.33 of energyb 5−10% of energy 57

7.5% of energy 52

vitamin A 2.0−6.7 µg 2.6−8.6 µg 900 µg/day 57
vitamin D 2.9−9.7 µg 2.7−9.1 µg 5 µg/day 57
vitamin E 0.020−0.068 mg 0.013−0.043 mg 10 mg/day 57

a 15−50 g is an average meal of salted herring (53). b Calculated using the daily energy (10 MJ) requirement of a male, 31−60 years old (58).
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the ratio was about 1:1 in ancient times, but increased consump-
tion of animal fat has changed the balance. Nowadays, the intake
of n-6 acids, mainly of linoleic acid, is high, and the ratio of
n-3/n-6 in the Western diet can be less than 1:10. In our salted
products study, the ratio was about 8-9:1 due to the low level
of n-6 acids and high levels of EPA and DHA.

The recommended daily intake of vitamin D for adults is 5
µg, which is easily available from an average meal of herring
products. In our study, the levels of vitamins A and E were
low and the contents in a meal below the recommended daily
intake.

ABBREVIATIONS USED

DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid;
FA, fatty acid; HPLC, high-performance liquid chromatography;
MUFA, monounsaturated fatty acids; PUFA, polyunsaturated
fatty acids; SAFA, saturated fatty acids; TAG, triacylglycerol;
UV, ultraviolet.
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(14) Finnish Game and Fisheries Research Institute. Foreign trade in
fish 2001 (in Finnish).Off. Stat. Finland, Agric., For. Fish.2002,
58.
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