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Fish oils extracted from marinated herring (frozen and unfrozen) byproducts and maatjes herring
byproducts were evaluated on their chemical and sensory properties. The obtained crude oils had
very low content of copper (<0.1 mg/kg oil), and iron values were 0.8, 0.1, and 0.03 mg/kg oll,
respectively, for oil from maatjes and frozen and fresh byproducts. For the maatjes oil, a much lower
value was found for a-tocopherol compared to the other oils. Storage stability results showed that
the oils behave differently. Secondary oxidation products were measured for fresh oil, while for the
maatjes and frozen byproducts’ oil, tertiary oxidation products were detected. Over storage time, the
maatjes and frozen byproducts’ oils became more intense in odor, correlating positively at the end
with sensory attributes of train-oil, acidic, marine and fishy. The best correlation between sensory
and chemical analyses was found for FFA and fishy off-odor (r = 0.781).

KEYWORDS: Byproducts; crude oil; fresh; frozen herring; maatjes; marinated production; oxidation
status; sensory evaluation

INTRODUCTION the filleting operation; therefore, the salts do not come in contact
Fish and fish oils contain high concentrations of3 with the byproducts itself. This is in contrast to the maatjes
polyunsaturated fatty acids (PUFAs]<4). These PUFAs production, where brine is added to the whole fish, as described
receive intense interest in the scientific and industrial com- earlier (14). Both storage h|§tory and the presence Of.‘?’alt are
munities because of their positive role in human hedth). rele\_/ant to_whether Itis possmle_ to keep constant st_ab|I|_ty_ and
As awareness of their nutritional importance has risen, attention &%?g;yccgnci!isneﬁrigfdJ;%rgtigesn;?_% %’8 'chgc;‘:’é '!322; Itlipgldes’

for their supply has increased. Presently, most of the fish oil gnerq ! P

available on the market is produced by pressing/heating of Wholeto oxidation following successive degradatidn It is known

pelagic fish to release the oil mainly concentrated in the flesh that Iipi(_j oxidation takes place iq fatty ﬁSh. species dl_Jring
of the fish (10—12). However, fish oil can also be produced processing anq storage, th.e herring fat being susceptible to
from byproducts from the proéessing industry (13—16) oxidation both in situ in the tissue and when extracted out from

) . . . the tissue 18—20). To follow the degree of oxidation, use can
In The Netherlands the main fatty fish species that is ; . S
S . be made of different chemical measurements. The oxidation
processed for human consumption is herri@pea harengys . .
X . products formed affect sensory properties of the oil adversely.
mostly caught at the North Sea. It is estimated that the three . . .
; . . . Therefore, sensory assessment remains the most direct quality
major Dutch fish processing companies produced an amount .~ - . . . :
. criteria for edible oil and its shelf life.
of about 27 000 tons/year of herring byproducts. These byprod- The aim of this study is to investigate the quality and stabili
ucts derived from the production of two popular products: y Y quality Yy

marinated and maatjes herring. Marinating herring has tradition- of crude oil extracted from maatjes hering byproducts and from

. . . fresh and pre-frozen marinated herring byproducts. To follow
ally been applied as a conservation method, using fresh or frozen,. . S ) X
lipid oxidation progress, primary, secondary, and tertiary

herring as raw material. For this process, brines are added afteroxidation products were measured. The lossabcopherol

To wh p tould be add s add and the change in the free fatty acids content were also followed
0 whom corresponaence shou e addressea. urrent adadress: H H H
Campina Innovation, Nieuwe Kanaal 7C, 6709 PA Wageningen, The OVE' time. Sensory assessment of the oil was evaluated with
Netherlands. E-mail: i.aidos@campina.com. Tet31 317 467 641. Fax:  SiX aroma attributes for freshly produced oils as well as for

+3T1N3eltZeﬁ;7n gg?hsm te for Fisheries Research (RIVO) various storage times of the oils. Multivariate data analysis was
*\Wageningen Univlérsity. ’ used to distinguish chemically and sensorial changes and to
8 Friesland Coberco Dairy Foods Corporate Research. identify correlations between the measured parameters.
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MATERIAL AND METHODS Table 1. Initial Compositional Data of the Three Herring Oils Extracted
from Herring (Clupea harengus) Byproducts Originated from Different

Experimental Procedures. Fish oil was extracted from filleting Processing Methods

byproducts originating from fresh and prefrozen unsalted herring
(Clupea harengusjhat was to be used for marinating herring. The

maatjes frozen fresh
herring from the frozen and fresh production were respectively caught J
in June and October 1999, off 60.50 N 02.50 W and 51.20 N 02.60 E, “aC:ee(';’Sﬁgtsof ol 08501 01400 0030+ 0006
with average weight of 144 1 and 138+t 23 g, length of 26+ 1 and Cu (mglkg of oil) <01 <01 <01

24 + 1 cm, and maturity stage Ill and V (in both casess 19). The oxidation status
oil produced from byproducts coming from the frozen herring used in PV (meq. perox.kg of lipids)® ~ 3.0£0.3  30£02  0.65£0.17

the marinated process is referred to as “frozen byproducts’ oil”, whereas  ayb 89+05 62+0.3 0.36 +0.06
the oil produced from byproducts of fresh herring was called “fresh FFA (%) 3104 20+0.3 0.60 £0.01
byproducts’ oil”. For the production of the maatjes oil, the herring was fatty acids

caught in May 99 and was frozen until processing. This type of oil EPA (g/kg of lipid)® 99£13 95 581
(further referred as “maatjes byproducts’ oil") was extracted from salted g%li/%/rfga?ﬂr”eﬁfgz 257’% f éé ;(1) f 52 122 f é
herring byproducts as described earlier (14). a-tocopherol (mg/100 g lipid)? 28401 98400 81+04

Equipment. Three production runs of1000 kg each of herring
byproducts (heads, frames, skin, viscera, etc.) generated from the
different processing and storage of herring were minced. Immediately,
they were pumped to an insulated scraped-surface heat exchange
indirectly heated by steam and separated in a three phase decanter int
a high solids phase (referred to as protein phase), a water phase
(stickwater), and lipid phase (oil) using the same conditions and system
as described earlier (14). possible carry-over effects between the samples. The panel rated all

Sampling Setup.In all storage experiments, the oil was blanketed aftributes for each sample on separate 10-cm unstructured scales using
with nitrogen and kept in closed dark containers at room temperature the Compusense Five Program (Compusense Inc., Canada), where 0
(~ 20°C). Two oil samples were taken, at regular intervals, from the indicated no intensity or presence and 10 a high intensity or presence
different oils and analyzed for levels of oxidation products, FFA Of the attribute to the oil. _ _
formation, o-tocopherol content, and odorants. Sampling was discon- ~ Fatty Acid Composition. Fatty acid methyl esters (FAMEs) of oil
tinued when the oils developed a strong off-odor; therefore, different Samples were prepared according to the AO@H (Official method
maximum storage times resulted (155, 92, and 57 days for fresh, Ce 1b-89 and analyzed with regard to the amount of individual fatty
maatjes, and frozen oil, respectively). All samples were kept&Q acids. On each occasion= 3 anda = 1. The different FAMEs were
°C freezer until being analyzed. Prior to the analysis, the oil samples Separated from each other with gas chromatography (GC) and identified
were thawed at room temperature for 30 min. Averages of the two oil using the conditions described previously (14).

an =2, a= 2, results are given as mean value + (max — min)/2. For each
Pf the two samples, a = 2. Mean values from these two analyses were used to
Sstablish sample variation. ' n = 3, a = 1, results are given as mean value + std.

samples measurements were used for further interpretation. Analysis of Copper (Cu). The copper content present in the oil
Chemical Analyses.The level of free fatty acids (FFA) was samples was determined with a Perkin-Elmer 5100 graphite furnace
determined by titration according to the AOCSL] Official Method atomic absorption spectrometer (AAS) with Zeeman background

Ca 5a-40. The peroxide value (PV) was determined according to the €onditions (26) as described previousbaj (h = 2, a = 2). Results
AOCS (21) Official Method Cd-8b-90. Determination of the anisidine &€ expressed as mg/kg of oil. The limits of detection were 0.1 mg/kg.
value (AV) was carried out according to the AOCRY Official Method The repeatability of the method was 6.0%. ) _

Cd 18-90.a-Tocopherol was analyzed according to the slightly modified ~ Analysis of Iron (Fe). The oil samples were diluted with xylene
method of Lie et al.22) as described earliet4) using reversed phase and immediately m(-_zasured with a graphite furnace qtomlc absorptlon
HPLC and fluorescence detection. The UV absorbance at 270 nm SPectrometer (Perkin-Elmer 5100; Norwalk, CT) using a deuterium
(conjugated trienes, CT) of the oil samples were measured using flow Packground correctior2) (n = 2, a = 2). Results are expressed as
injection analysis (FIA) as described by Undeland et2g).(The results mglkg of oil. The limits of detection were 0.01 mg/kg, and the
were expressed as peak area units per microgram of lipid. The 'éPeatability of the method was 10.0%. _
repeatability of the method was 4.3% 1, a = 6). Total lipid soluble Internal or certified reference mat(_erlals were analyzed together with
fluorescent lipid oxidation products (FP) with an excitation (ex) the Samples, except for the fatty acids analysis. -

maximum at 367 nm and an emission (em) maximum at 420 nm were Statistical AnaIyS|s.Data} from thea-_tocopherol, s_tabl_llty measure-
measured in the oil samples using FIA as described by Undeland et al. Ments, and sensory analysis were subjected to multivariate data analyses.
(23). Results were expressed as peak area units per picogram of lipid.The chemical and sensory data sets were evaluated separately by
The repeatability was 7.0% & 1, a = 6). On each occasion, two oil principal componen.t analysis (PCA). The dlﬁerenf:gs in thg sensory
samples (n= 2) have been analyzed once#al). score levels of the different assessors and each individual attribute were
first evaluated by PCA. Differences in how assessors scale sensory
scores are a recognized problem in sensory assessment, and the problem
occurs despite intensive training of panelig8)( Partial least squares
(PLS) regression was performed on the data in order to relate chemical
and sensory measurements: chemical data was usédaagbles and
sensory data agvariables. In all analyses, all variables were weighed
by 1/standard deviation, full cross validation and the Jack-knifing
principle were employed.

Sensory Analysis Eight assessors were selected for the panel. The
assessors were trained during 17 sessions on profiling fisB4ilior
to evaluation of our herring oil samples. Measuring odor rather than
flavor is viewed as a sensory task less likely to fatigue panelists
considering that oil samples are difficult to clear from the mo@s) (
For each profiling of fish oil, the following attributes were evaluated:
fishy, train-oil, musty, green/vegetable, acidic/sour, and marine. To
liberate volatiles from the oils, prior to serving, the samples (blanketed
in nitrogen) were heated in a water bath at°&l) for 6 min. Before
each session, the panel was calibrated by presenting freshly prepared®®ESULTS AND DISCUSSION

reference oil to each assessor. The reference sample contained refined | the first part of this section, a characterization of the initial
menhaden oil. Fish oil (0.5 mL, dispersed in glass pels, mm) crude oils is presented. In the second part, the stability of the
was presented to the panelists in small opaque, glass flasks (120 mL)diﬁerent oils during storage is compared and discussed.

with a black lid. The panelists evaluated six different samples per iyt . L
session. Tap water was provided for oral rinsing at the beginning of  Crude Composition. The data shown ifable 1 indicate

the sessions and between oil samples. A complete block design andthe properties of the different extracted crude herring oils. In
triplicate samples were used for sensory assessment. The order ofill cases, the concentrations of iron were much higher than the

presentation of samples to the panelist was balanced to minimize copper concentrations (the latter below the detection limit). The



Chemical and Sensory Evaluation of Crude Herring Oil J. Agric. Food Chem., Vol. 51, No. 7, 2003 1899

12 , 12
Frozen Oil 12 Fresh Oil
10
Maatjes Oil
L J o PV

R BAV

AFC
L L ' OFFA

6 ® o-Tocop.
oCT

4 LY .. o ® R L Y . ] .

Y o .
L ]
o 0P o0 0 0 Fal 0 O >
2 L]
&
o PN o 5 ‘et LK d
0 S e—m—— R o
0 40 80 120 160 0 20 40 60 80 100
Time (Days) Time (Days)

Time (Days)

Figure 1. Trend lines and values determined for crude oil extracted from frozen, fresh, and maatjes herring byproducts, stored under nitrogen and dark
condition (20 °C). a-Tocopherol is expressed as mg/100 g of lipids; PV is expressed as meq perox/kg of oil, CT is expressed as area units per
nanogram of lipids, FC is expressed as area units per picogram, and FFA is expressed in percentage as oleic acid.

metal contents, in particular copper, are known to be important obtained from the PCA evaluation. The first two PCs, PC1, and
as a catalyst for the oxidation of oils and fa29(30). For the PC2 described 52% of variance ¥iand 30% variance irY.

iron content, it can be observed that the maatjes byproducts’ The bi-plot of PC1 and PC2 showed that oil produced from
oil presented a value eight and almost 27 times higher than thefrozen and maatjes herring had positive values for PC1, whereas
frozen and fresh byproducts’ oil, respectively. This is in oil samples from fresh herring had negative values for PC1.
accordance with what should be expected, since for the maatjesThis means that PC1 describes the difference between oil
production salt is used in the brine before the filleting operation produced from frozen and fresh herring. On the other hand,
and byproducts’ collection. It is known that salt may contain samples produced from unsalted byproducts (frozen) had

inorganic substances such as copper and i2fh 81, 32). negative values for PC2, whereas oil samples with salt had
Nevertheless, the values determined for the studied oils fulfill positive value for PC2 (maatjes). Thus, PC2 mainly describes
the quality guidelines as reported in the literatu2,30) for differences between oil samples obtained from byproducts
crude fish oils. processed with or without salt.

The maatjes byproducts’ oil presented the highest initial
oxidation values as well as FFA content. In contrast, fresh
herring oil had the lowest values. It is worth noticing that oil
produced from fresh raw material presented lower oxidation
values and iron and FFA levels than the oil from frozen raw
material. Frozen byproducts’ oil presented lower iron and FFA
levels and initial oxidation products than the maatjes byproducts’
oil.

Different amounts of EPA, DHA, and total PUFAs were
determined in the oilsT@able 1). It can be observed that the
fresh oil presented the lowest value in all cases. However, the
differences in fatty acids content are more likely to be related
to the seasonal cycld®, 33, 34) than to the herring processing
method employed or to the prior storage of the herriFaple
1 also shows that the initiat-tocopherol content found in the
maatjes oil is much lower~!/3) than the content of the frozen
and fresh oil. Possibly, the reduced levels of this endogenous
antioxidant resulted from the oxidation of the oils. That means . X X 4
that the consumption af-tocopherol occurred in an early stage | ¢ FC increased during storage time of maatjes and frozen
probably already in the raw material itself. byproducts’ oil. a-Tocophero_I decreased durlng, storage of

Oxidative Stability. For evaluation of the oxidative stability ~ f0Zen and to some extent with fresh byproducts’ oil.
of the oils, first the chemical changes inherent in the stages o-Tocopherol. It is known that antioxidants act by being
that can be discerned in the oxidation process are described an@xidized in preference to the 0il8§, 37); therefore, the level
assessed. Second, the sensory changes are presented apfio-tocopherol as a whole can provide useful information on
discussed. Finally, the relation between chemical and sensorythe progress of oxidation. The value is dependent on the

In the same plotKigure 2), the variance of the different
chemical variables is shown. During storage of the oils different
behaviors were found. The variables describing AV, FFA, and
CT presented a positive value of PC1, whereas FC had a positive
value for PC2. The AV and FFA measured variables were close
to each other and were located far to the right. Hence, these
variables correlate with each other to a high degree 0.914)
and were of high significance. The correlation found between
FFA measurements with lipid oxidation products such as AV
is in accordance with the theory of the influence of lipid
hydrolysis on lipid oxidation35). AV and FFA are positively
related to frozen and negatively related to fresh byproducts’
oil. The frozen byproducts’ oil moved from left to right with
progressive storage time. Thus, frozen byproducts’ oil stored
for 50 days was located far to the right, indicating that this oil
presented the highest levels of AV and FFA. Furthermore, CT
seemed to correlate quite well with the frozen byproducts’ oil.

data is evaluated. handling and storage of the raw materials and the recovered
Chemical AnalysesThe chemical variables measured during oils as well. Thea-tocopherol was consumed significantly in
storage of the three studied oils-220 °C are shown irFigure fresh and frozen oil, and this consumption occurs faster in the

1. To evaluate what storage and process background that hadrozen than in the fresh byproducts’ oil. Surprisingly, no
the greatest effect on oxidative changes in the extracted oils, significant change was found in the maatjes oil. The reduced
all of the data were subjected to a multivariate data analysis. amount ofo-tocopherol present in this oil cannot prevent the
Figure 2 shows three distinct clusters (maatjes, frozen and fresh) progress of the autoxidation process. Therefore, permitting a
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Figure 2. Scores and loading plots from principal component analysis (PCA) for the data from the chemical analyses. The number after the hyphen in
the variable name refers to the storage time in days.
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Figure 3. Scores and loading plots from PCA for the data from the sensory analysis. Abbreviations used are the following: FH, fresh oil; MA, maatjes
oil; FR, frozen oil. The letters i, M, and F refers to initial, middle, and final storage time, whereas 0, 71, 155; 0, 49, 92; and 0, 27, 57 refer to days for
fresh, maatjes, and frozen oil, respectively.

rapid degradation of the primary oxidation products favoring  Primary Oxidation Products. The primary oxidation prod-
the formation of secondary and tertiary oxidation products.  ucts were measured as hydroperoxides presented by the PV and
FFA. The results shows that the level of FFA presented in by the conjugated trienes analyses. During the autoxidation
the maatjes and fresh oil was low and remained almost constantprocess, hydroperoxides are produced. This is shown for the
during storage for these oils, in particular for the fresh fresh oil, where PV increased significantly over time, as can be
byproducts’ oil. For the frozen byproducts’ oil, a significant seen inFigures 1and2. In contrast, for the maatjes oil, the PV
and consistent increase in time was determined for the FFA remained low; in fact a significant decrease was detected. This
formation. This suggests that significant hydrolysis of the oil suggests that the degradation of hydroperoxides was faster than
occurred during the storage period, probably due to the iron its generation. Degradation of hydroperoxides of the maatjes
content. Nambudiry (38) and Hsieh and Kinseltd ) showed oil, however, did not increase the formation of a higher level
that with an increase in the salt content, the rate of FFA CT. However, for the fresh oil, a significant development of
production in sardine muscle tissue decreases. In addition, inCT was found. It has been reported that a 270 nm not only CT
crude capelin oil, Notevarp and Chahirg9) found a positive hydroperoxides but also various bifunctional oxidation products,
correlation between iron content and FFA: oils with low iron such as ethylenic diketones and oxodienes, are dete8fed (
contents tend to have low FFA values. Therefore, the salt content40, 41). The results confirm our previous findings that the CT
present in the flesh and byproducts of the maatjes productionmeasured are related to the formation of secondary oxidation
and the very low initial iron content for the fresh oil would products containing a conjugated triene system (14).
explain, as suggested previoush4], the nonincrease of FFA Secondary Oxidation Products.The secondary oxidation
over time in contrast to the increase trend developed for the stage is characterized by the further degradation of lipids through
frozen oil. a radical oxidation process initiated by the hydroperoxides,
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Figure 4. Correlation scores plot from the PLS regression on the studied chemical and sensory measurements of the different oils.
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Figure 5. Correlation loading plot from the PLS regression on the studied chemical and sensory measurements of the different oils. The designed
chemical variables were used as X-data, and the sensory variables were used as Y-data.

which generates the level of off-flavors and off-odod2). A results were first analyzed by PCA in order to find the main
possible way to quantify the oxidation process is by measuring quality variation among the oil samples as well as to find the
the AV. Following the same tendency as the CT formation, the relation between the attributes. Triplicate samples were used
AV measurements increased significantly for the frozen and but for matter of clarity, only average values are shown in
fresh oils. In fact, for frozen oil, the formation of secondary Figure 3. Middle and final storage times of the frozen and
oxidation products was faster than for the fresh herring. Slightly maatjes oils presented positive PC1 values, whereas initial frozen
lower values were obtained for the maatjes oil. and maatjes oil had negative values. Therefore, it can be
Tertiary Oxidation Products. The measurement of FC has concluded that PC1, explaining 83% of the data variance, is
been successfully applied to marine oilst(43—45). As can related to storage time of the oil. The odor of the fresh
be seen inFigures 1 and 2, the reaction from secondary to  byproducts’ oil was evaluated as strongly musty when initially
tertiary oxidation products clearly takes place for the maatjes extracted, but surprisingly, during storage, distinct differences
and for the frozen byproducts’ oils. In both cases, FC presentedfrom musty in odor intensity were observed. It is likely that
a significant positive increase over time. This indicates that the the musty attribute is associated with the natural odor of the
tertiary oxidation stage was reached. In contrast, the fresh oil fresh oil, which may intensify at early storage periods. This
presented a stable value for the FC, which showed that theattribute diminished rapidly and was largely replaced by other
formation of tertiary oxidation products was not yet important. type of odors. The typical sensory attributes identified at later
Possibly, a termination reaction is favored above a propagationstorage times of the fresh oil were identical to the attributes for
reaction, resulting in a stable value of the FC measurements.injtial maatjes and frozen oil. These latter oils were negatively
These results suggest that the FC analysis can be successfullgorrelated with train-oil, acidic, marine, and fishy sensory
applied for oils in a later stage of degradation and/or produced attributes. In contrast, the odors of maatjes and frozen oils
from frozen raw material while for the fresh oil early oxidation became increasingly more intense over storage period; both oils
quality parameters such as PV, CT, and AV should be employed.correlated positively with the train, acidic, marine, and fishy
Sensory AnalysisIn each of the experiments, seven trained attributes. In frozen fatty fish species, the principal changes in
panelists sniffed fresh and stored oil samples and then ratedodor resulted from alteration in lipid componen#6). The
their odor intensity of various attributes on the intensity scale. panelists could clearly distinguish between fresh and stored
During evaluation of the data, the attribute green/vegetable wasfrozen and maatjes oil samples, since they were placed in
removed from further calculations because there was disagree-ifferent quadrants. However, discrimination between middle
ment between the panelists in the score of this attribute. The and final storage time could not be well performed. Nevertheless,
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the final maatjes oil's samples correlated strongly with train CONCLUDING REMARKS

and acidic off-odors attributes. The fresh oil samples moved 1,6 \whole organization of the supply and processing chain
from the first to the third quadrant during storage time. The .4 4 large effect on the properties of fish oil, and the way it
;amples from the init.ial frozen anq maatjes oiIslappeared alsodevelops over time. Using freshly caught herring yielded oil
in this quadrant. During storage time, the maatjes and frozen 4 was in the beginning of the oxidation process, since only
oils moved further to the fourth quadrant. Flavor and odor nhiimary and secondary oxidation products were detected, and
deterioration has'been attributed mainly to the formation of 5 ych lower decrease oftocopherol level occurred. Freezing
secondary oxidation products from the polyunsaturated fatty {he herring immediately after the catch caused the extracted oil
acids (42), which make up $&8% of the total fatty acids in 5 yeach the secondary and tertiary oxidation stage, favoring
herring oil. The results confirmed that because of the higher 5 er time the development of off-odors such as train oil, fishy,
proportion and degree of unsaturation of the fatty acid(e acidic and marine. FFA enhances the odor changes in the oils.
1), the more prone the oil is to oxidation. When the byproducts were in contact with transition metals ions,
During storage, maatjes and frozen oils, both processed fromsuch as from the maatjes production, oil with more oxidation
frozen herring, were found to be less stable than fresh oil. The products and less-tocopherol levels was extracted. The facts
differences should be explained by the effects of variations found suggest that the oil obtained from byproducts of fresh herring
of the starting raw material quality, since the conditions during production is different from the ones produced from frozen raw
production of the oils were identical. material. Furthermore, within the frozen raw material, different
Chemical versus Sensory DataData from analyses of PV oils are obtained depending of the prior treatment of the herring.
and AV did not indicate that the maatjes were oxidized further As expected, the use of salt accelerates the oxidation process.
than the frozen oil samples. However, the sensory data revealedr'his leads to the conclusion that the best oil is obtained when
a stronger off-odor for the maatjes than for the frozen byprod- extraction is made from fresh and unsalted herring byproducts.

ucts’ oil. Nevertheless, all oils present a relatively good chemical and
For clear comparison between the chemical and sensory data€Ven sensory stability over time, which suggests that it is
partial least square (PLS) regression was perforrfeglites 4 possible to upgrade the byproducts from the different processes

and5). PC1 explained 42% and PC2 21% of the variance in ©f the herring industry into fish oil.

the X variables and 32 and 18% of the variance in the

variables, respectively. Hence the two components explainedABBREVIATIONS USED

63% of the variance in th¥ variables and 50% of the variance EPA, 5,8,11,14,17-eicosapentaenoic acid; DHA, 4,7,10,13,-
in the Y variables. The score plotsigure 4) supply information 16,19-docosahexaenoic acid; FFA, free fatty acids; PV, peroxide
about the relationship between the objects, whereas the loadingvalue; AV, anisidine value; FC, lipid soluble fluorescent
plot (Figure 5) gives information over the relationship between oxidation products; CT, conjugated trienésyo nm absorbance
the original variables. The fresh oil presented a negative PC1 measured at 270 nm; PUFAs, polyunsaturated fatty acids; SD,
value. In contrast, all samples from the maatjes and frozen oils standard deviationa, number of analyses of each sample
presented positive PC1 values, increasing over storage time. Inpreparation; PCA, principal component analysis; PC, principal
the loading plot, it is clear that the longer the oils were stored, component; PLS, partial least-squares regression; fresh oil, oil
the higher the FFA levels and, to a lesser extent, the develop-extracted from fresh unsalted herring byproducts; maatjes oil,
ment of acidity, fishy, and marine off-odors. This is in oil extracted from salted byproducts originated from frozen
accordance with the PCA results obtained for the chemical andherring; frozen oil, oil extracted from unsalted byproducts
sensory data. Apart from the musty attribute, all the other originated from frozen herring.

attributes were located close to each other. This indicates a

certain degree of interdependency (in all cases0.88). The ACKNOWLEDGMENT
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