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Summary

Zusammenfassung

Ausgabe fur imr:livelyzachary

Max Rubner-Institute, Federal Research Institute of Nutrition and Food,
Department of Safety and Quality of Milk and Fish Products, Hamburg

Double freezing of redfish (Sebastes spp.)
fillets and minces: influence on sensory,
physically and chemically assessed quality
attributes of coated portions

Doppelgefrieren von Filet und Farce aus Rotbarsch (Sebastes spp.): Einfluss auf mit
sensorischen, physikalischen und chemischen Methoden bewertete Qualitatsparameter
panierter Portionen

Reinhard Schubring

The quality of coated portions produced by a German processor from both single
(SF) and double frozen (DF) redfish (Sebastes spp.) fillets and minced material was
compared at distinct intervals during storage. Fillets and minces have been pro-
cessed pre and post rigor on board a research vessel and stored frozen at —24 °C
for one year. Sensory, physical and chemical methods were used with the aim

to differentiate between SF and DF if possible. In sensory evaluation, a clear
distinction between SF and DF samples was only possible for portions from
mince, pre rigor, using a Paired Comparison Test (PCT). Measuring tensile strength
on fish portions revealed some potential for distinguishing once and twice frozen
redfish products. It can be stated, that at least when using redfish as base material
for the production of coated portions, the different methods of preparing the fillet
blocks (SF or DF) will not significantly affect the quality of the final products.

Keywords: fish, fillet, mince, double freezing, quality

Ein Vergleich der Qualitat panierter Portionsstiicke, die bei einem deutschen Ver-
arbeiter aus einfach (SF)- und doppelgefrorenen (DF) Rotbarschfilets bzw. Rot-
barschfarce hergestellt wurden, erfolgte nach definierten Gefrierlagerzeiten. Filets
und Farce wurden aus Rohware im prae rigor und post rigor an Bord eines Fisch-
ereiforschungschiffes hergestellt und bei =24 °C Uber ein Jahr gefriergelagert.
Sensorische, physikalische und chemische Methoden wurden mit dem Ziel ange-
wendet, moglicherweise bestehende Unterschiede zwischen SF- und DF-Portions-
stlicken nachzuweisen. Mittels Sensorik bei Anwendung einer Paarweisen Unter-
schiedsprifung konnte lediglich an den aus Fischfarce, prae rigor, hergestellten
Portionsstiicken ein signifikanter Unterschied zwischen SF und DF nachgewiesen
werden. Die Bestimmung der Zerreifestigkeit zeigte generell ein gutes Potential,
SF- und DF- Portionen zu unterscheiden. In allen anderen untersuchten Qualitats-
parametern ergaben sich dagegen keine signifikanten Unterschiede zwischen ein-
fach- und doppelgefrorenen Portionsstlicken. Daher kann geschlussfolgert werden,
dass bei Verwendung von Rotbarsch als Rohware fur die Herstellung von panierten
Portionsstlcken die Unterschiede in der Herstellung der Filetblocke (SF und DF)
die Qualitat der Enderzeugnisse nicht signifikant beeinflussen.

Schliisselworter: Fisch, Filet, Farce, Doppelgefrieren, Qualitat
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Introduction

Double frozen blocks of fish fillet are produced ashore by
thawing the frozen round or gutted fish and refreezing
them after filleting and skinning. Besides blocks of frozen
fish produced on board fish processing trawlers, the inter-
national trade in double frozen blocks of fish fillet has
become more and more common (Anonymous, 2008).
Current German food regulations do not require labelling
of these different processing techniques for the production
of deep-frozen blocks of fish fillet that are to be used as raw
material for fish fingers and other types of coated fish
products. No information is available for the consumer as
to whether the final product is produced from sea-frozen
fillet or from double frozen fish. This was the reason for
investigating the effect of different processing techniques
of the raw material on the quality of frozen final products.

The German fish processing industry is considered to be
one of the most important processors of frozen coated
portions of fish fillet worldwide and is highly depending on
the import of raw material. For instance, approximately
270 000 t mostly of frozen, lean fish fillets were imported in
2006, an increase of approximately 8 % compared to 2005.
The production of deep-frozen fish products, including fish
fingers and other battered and breaded products, increased
by 0.7 % in 2006 compared with 2005 and amounted to
219 284 t. Deep-frozen products had a market share of
approximately 36 % in 2006 and were therefore the most
popular fish products in Germany (BMELYV, 2008).

Previous results on both saithe and cod fillets, as well as
on commercially processed samples from cod and Alaska
pollack (Theragra chalcogramma) revealed differences in
quality attributes (e. g. sensory, texture, colour, water hol-
ding capacity, chemical composition, electrophoretic pat-
tern of sarcoplasmic proteins) depending on refreezing and
rigor states (Schubring, 1999a, 1999b, 2000a, 2001a, 2002).
The quality attributes influenced differed between species
and even within the same species (saithe) when sampling
was done under almost comparable conditions (catching
ground, season and protocol) but in different years
(Schubring, 1999a, 2000a, 2001a). For example, for had-
dock drip loss after cooking was greatly influenced by
double freezing, whereas for saithe almost no influence was
detected (Schubring, 2001b). However, all the effects
measured did not allow a clear differentiation between sin-
gle and double frozen products. Even the thermoanalytical
behaviour of SF samples was not distinct from DF samples,
when measured by differential scanning calorimetry (Schu-
bring, 1999c). These results lead to the conclusion that at
least when using the above mentioned species as raw
material for processing coated portions, the different styles
for preparing the fillet blocks will, if at all, not significantly
affect the quality of the final products.

The aim of this study was to monitor the effect of double
freezing on the quality of coated portions of redfish fillets
which were prepared in pre and post rigor states. Knowing
that freeze denaturation causes much greater alterations in
minced fish flesh compared to fillet, portions were also
prepared from single and double frozen mince blocks
produced from skin-on fillet, pre as well as post rigor. The
investigation of fish mince made from fillets is also of
commercial importance, as the guidelines of the German
Food Code allow the inclusion of 25 % of fish mince
prepared from V-cuts when producing fish fingers. In the
present study, mince prepared from skin-on fillet was used

as a model for mince prepared from V-cuts. Redfish can be
seen as commercially important and are found throughout
the North Atlantic from the coast of Norway to Georges
Bank at relevant depth and/or temperatures. In 2006, ap-
proximately 5 % of fish used in Germany for processing fro-
zen products was redfish and it was thus the fourth most im-
portant fish species after Alaska pollock, hake and saithe.
Despite the economic importance, a survey of the lite-
rature makes it clear that only few papers have been
published dealing with quality and technological aspects of
quality of redfish (Rehbein and Oehlenschliger, 1983;
Ochlenschldger, 1989; Ravesi and Krzynowek, 1991; Reh-
bein et al., 1994; Magnusson and Martinsdottir, 1995).
There appears to be a lack especially on the influence of
freezing on quality parameters of products processed from
redfish (Dyer et al., 1956; MacCallum et al., 1967; Lauder
et al., 1970; Hsieh and Regenstein, 1989). Therefore, the
present paper deals with the influence of repeated freezing
on the quality of frozen coated portions made from fillets
and minces. Particular attention was paid to quality attri-
butes evaluated by sensory, physical and chemical methods.

Material and Methods

Sample preparation
The blocks of frozen fish were produced on board the FRV
“Walther Herwig I11” during the 232" cruise in the autumn
of 2001 using redfish (Sebastes marinus) caught west of the
Shetland Islands. The length of fish used ranged from 40 to
80 cm, the majority varied from 65 to 70 cm.
Measurements were made on SF and DF batches of fish
samples in two stages of rigor, i. e. in pre and post rigor. The
preparation of the samples explained in detail earlier
(Schubring, 1999a, 2001a) is shown in Figure 1. In addition,
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FIGURE 1: Flow diagram of sample preparation.

Die Inhalte sind urheberrechtlich geschitzt. Eine Weitergabe an unberechtigte Dritte ist untersagt.



Ausgabe fur imr:livelyzachary

Die Inhalte sind urheberrechtlich geschitzt. Eine Weitergabe an unberechtigte Dritte ist untersagt.

Archiv flr Lebensmittelhygiene 61, Heft 1 (2010), Seiten 1-36

Ausgabe fur imr:livelyzachary

blocks of minced material were made from skin-on pre and
post rigor fillet using a Baader 694 bone separator (Baader,
Liibeck) and frozen under conditions comparable to those
for the fillets. The intermediate products subjected to
double freezing were stored frozen for ten days at —30 °C.
Sea water was used for immersion thawing. After twelve
weeks of frozen storage, coated portions of both fish fillet
and mince were prepared by a German processor using
both SF and DF blocks. These portions were packaged in
cardboard boxes and stored at —24 °C until analysis after
different times of frozen storage (0, 6, 12 months).

Methods

The sensory evaluation of the quality of fried portions
prepared under standardised conditions as described
earlier (Schubring, 1996) was performed as Quantitative
Descriptive Analysis (QDA) by estimating the intensity of
the parameters (0 — very small or nothing, 100 — very
strong). The flavour parameters (fresh, stale, fishy, rancid,
strange), as well as the texture parameters (firm, flaky,
springy, fibrous, cohesive, gummy, watery, juicy) were
evaluated in duplicate by a sensory panel consisting of nine
trained assessors using two coated portions of the same
type for each assessor, the parameters being defined in
detail elsewhere (Schubring, 2000b). Additionally, a Paired
Comparison Test (PCT) in combination with a Paired
Preference Test was applied to determine differences of the
different coated portions for particular sensory characte-
ristics, e. g. stale/fishy and firm according to the German
standard method (Schubring, 2001b). Colour was measured
on the homogenate prepared from the thawed product
after removing coating, a tristimulus colorimeter Chroma
Meter CR 300 (Minolta, Ahrensburg, Germany) being
used as previously described (Schubring, 2002). The colour
differences AE*, i. e. the square root of (AL*? + Aa*? +
Ab*?), between SF and DF samples were computed. The
texture was instrumentally evaluated by measuring both
the tensile strength and the force needed to penetrate
coated portions of fillets and mince using a TA.XT 2/25
Texture Analyser (Stable Micro Systems, Godalming,
England) (Schubring 2000b, 2001b). The tensile force
measurements using a modified Pizza Tensile Rig and a test
speed of 1.2 mm/s were repeated 15 times. The penetration
force was measured on homogenised portions after their
coating had been removed prior to comminution at a test
speed of 0.8 mm/s and applying a strain of 80 % using a
Spiked Aeration Plunger equipped with eight small cylin-
ders (@ 3 mm) which are arranged in two different squares
and was repeated ten times. Furthermore, instrumental
Texture Profile Analysis (TPA) was also made using a
cylindrical flat-ended probe of 5.0 cm diameter with a test
speed of 0.8 mm/s (Schubring, 2001a), the measurement
being repeated 15 times. Water holding capacity (WHC)
was measured a similar number of times with slight modi-
fications (Schubring et al., 2003) according to the filter
paper press method described by Detienne and Wicker
(1999). Samples were pressed between paired filter sheets
(Schleicher & Schuell 2043 A, 7 x 7 cm; Schleicher &
Schuell, Dassel) and parallel plates using the above men-
tioned texture analyser TA.XT2. A 25 kg load cell with a
crosshead speed of 1.7 mm/s was used. Samples were pres-
sed to 75 % deformation and held at that point for 15 s.
WHC was defined as the expressible moisture, calculated
as % = 100 (initial weight — final weight) / initial weight.
Formaldehyde content and pH values as well as TVB-N

TABLE 1: Trimethylamine oxide-N (mg/100 g) content me-
asured on coated portions of redfish fillet and
mince as a function of rigor state and refreezing.

Sample Storage time (months)
0 6 12

Fillet, pre rigor 1272 92.0 107.5
Fillet, pre rigor, DF 9.7 398 843
Fillet, post rigor 116.6 76.8 103.0
Fillet, post rigor, DF 99.9 %9 9.2
Mince, pre rigor 87.6 62.7 784
Mince, pre rigor, DF 82.0 70.5 744
Mince, post rigor 1109 75.6 929
Mince, post rigor, DF 1019 76.2 91.5

TABLE 2: pH values measured on coated portions of red-
fish fillet and mince as a function of rigor state
and refreezing.

Sample Storage time (months)

0 6 12
Fillet, pre rigor 6.74(0.01) 6.73(0.01) 6.62 (0.01)
Fillet, pre rigor, DF 6.75(0.05) 6.70(0.01) 6.73
Fillet, post rigor 6.60(0.01) 6.67(0.02) 6.56
Fillet, post rigor, DF 6.58 6.69 (0.01) 6.62(0.01)
Mince, pre rigor 6.99 6.96(0.01) 6.90 (0.01)
Mince, pre rigor, DF 6.85 6.80(0.02) 6.80 (0.01)
Mince, post rigor 6.64(0.01) 6.59 6.56 (0.01)
Mince, post rigor, DF 6.70(0.01) 6.61(0.01) 6.59(0.01)

() standard deviations.

(total volatile nitrogen), DMA-N (dimethylamine nitro-
gen) and TMAO-N (trimethylamine-N-oxide) were mea-
sured twice according to Oetjen and Karl (1999).

The results were statistically evaluated by applying
STATISTICA (StatSoft Inc. (1996), Tulsa, OK, USA).

Results and Discussion

Chemical composition

The proximate composition (% ) for protein (16.2 + 0.4), fat
(3.0 £ 0.6) and water (79.7 + 0.8) was in the normal range
for redfish (Sidwell, 1981). The TVB-N content (mg/100 g)
in fresh muscle was found to be 9.36 + 0.9 and lay therefore
at the lower end of the entire range of TVBN from 8.5 to
23.1 for freshly caught redfish (Oehlenschliager, 1989).
According to Oehlenschldger (1989) the TVB-N values of
freshly caught redfish vary over a broad range and can be
influenced by catching area and other parameters. TMAO-
N contents were found to be close to 100 mg/100 g, this
value changing little as a result of refreezing and during
frozen storage (Tab. 1). This is in agreement with earlier
observations (Oehlenschliger, 1989), when it was found
that the TMAO-N content in S. marinus was just under
100 mg/100 g, while that of S. mentella, living at greater
depth, was above 100 mg/100 g. Furthermore, initial
TMAO-N values of 87.9 to 96.5 mg/100 g for S. marinus
were reported (Magnusson and Martinsdottir, 1995) with-
out any breakdown during frozen storage. The DMA-N
content was found in agreement with Oehlenschldger
(1989) to be very low with < 0.3 mg/100 g, no changes being
observed during refreezing and frozen storage. Since red-
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fish does not possess TMAO de- TABLE 3: Sensory flavour attributes assessed on fried portions of redfish fillet (F)

methylase it is therefore unable and mince (M) as a function of rigor state (PR, pre rigor; PO, post rigor)
to break down the TMAO enzy- and refreezing (DF).

matically to DMA and formalde-  ‘agtribute Storage time FPR FPR FPO  FPO  MPR MPR MPO MPO
hyde (Rehbein and Schreiber, (months) DF DF DF DF
1984). So, naturally no formalde- s, 0 658 659 6.1 507 652 64 546 552

hyde could be detected in redfish

. 6 633 57.6 619 522 604 81 487 486
muscle after the fish were caught.
The pH values (Tab. 2) were 12 65.6 59.4 538 465 585 437 451 491
found to be slightly influenced by  stale 0 208 214 74 28 176 2010 216 25.0°
refreezing. HOWGVGI’, prolonged 6 224 238 26.12 29.0¢8 16.0? 36.5¢ 345 393&1
frozen storage appears to result 1 23 /4 RS BE 02 4P M Q:
mainly in a slight decrease in pH. -
This agrees well with earlier fishy 0 173 213 13.20 179 92 18.6° 17.8° 193
findings (Lauder et al., 1970), 6 14.1 173 e 161 5.9 1722 143 29
which observed decreasing pH 12 169 265 302° 294 157 34 83 270
values with increasing time of .4, 0 24 140 114 182 94 160 198 19
frozen storage. Compared with s e
unfrozen fish, pH was generally 6 1 136 143 14.2 32 177 133 212
lower in frozen samples. 12 16.8 219 186 26.7 770% 0 26.1%% 233 244

strange 0 73 69 8.2 75 74 114 10.9 7.1

Sensory assessment 6 6.2 95 48 82 6.5* 16.0%* 88 10.9
Sensory evaluated flavour and 1 80 1 73 167 103 16 136 14

texture attributes are displayed in
Tables 3 and 4, respectively. # different superscripts indicate significant (p < 0.05) differences between storage time; *, ** different numbers of asterisks indicate significant

Double freezing appears to be (p < 0.05) differences between single and double frozen portions.

without any significant (p > 0.05)  TABLE 4: Sensory texture attributes assessed on fried portions of redfish fillet (F)

inﬂuenf:e on flavour attributes. and mince (M) as a function of rigor state (PR, pre rigor; PO, post rigor)
Exceptions were found for “ran- and refreezing (DF).

cid” in samples processed from

. . . Attribute Storage time FPR FPR FPO FPO MPR MPR MPO MPO
mince, pre rigor, after six and

twelve months of frozen storage (months) DF DF DF DF
: « » & firm 0 464 4822 557 483 340%  558%F 474 495
(increase), and for “strange” in
those after six months of frozen 6 494 49 42 519 2977 455 408 408
storage (increase). However., the 12 45 401 450 485 314* SAS* 413 438
duration of storage at 24 °Citself 3 0 618 581 569 50 41§ 352 415 427
influenced more pronouncedly
some of the flavour attributes, e. 6 517 588 570 527 492  335%% 366 347
g “stale” (Tab. 3). The attribute 12 610 597 585 483 53%C 397 A4 M7
“fresh” was significantly lowered ‘ N " N m
(p < 0.05) in portions processed springy 0 08 395 487F  348**  258% 470 375 36.7
from both fillet and mince post 6 456 40.5 441 47.0 347 485 402 432
rigor. As for “fishy”, assessors 1 59 M1 460 463 267 97 836 414
found a significant increase for - 0 510 4716 2% 504 499 497 507 51¥
stale” when samples from the
beginning of frozen Storage were 6 477 428 46@‘ 56.3** 358b 35.7 4.7* 33.1e%*
compared to those stored twelve 12 525 471 80 546 540 455 531 548
months at -24 “C. Surprisingly, .0 0 BT 405 487 BET NI+ 0% 352 360
trends were not consistent. Por-
tions analysed after six months of 6 399 366 428 549t 304 443 376 408
frozen storage were often evalua- 12 457 134 437 4900 269*  522%% 412 408
ted to be equal to or even better . o o o ; ;
than those at the beginning of the gummy 0 212 172 56 229 138 316" & 218
trial. This leads to the conclusion 6 185 B4 198 302 B3y 01 By BT
that frozen storage of half a year 12 288 266 298 315 1860 454%+ 378 389
at —24 °C did not invoke a lowe- .., 0 72 M4 483 494 549 519 560t 502+
ring of the quality of coated fish
samples when sensory assessed by 6 N0 399 44 B8 413 452 M) 464
flavour attributes. 12 452 44.9 474 426 524 495 440 41.0
Inregard to texture (Tab. 4), it ;.. 0 03 498 492 8B5S  LF M1 S 389
becomes obvious that only . !
portions processed from mince, 6 56.8 518 496 468 481 445 M7 443
pre rigor, were affected by double 12 50.1 132 484 441 4860 432 333 366

freezing. The intensity of the 2. different superscripts indicate significant (p < 0.05) differences between storage time; *, ** different numbers of asterisks indicate significant
texture attributes firm, cohesive  (p<0.05) differences between single and double frozen portions.
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frozen before and during rigor
and later processed and refrozen,
maintained a very acceptable
quality up to 28-34 weeks. No in-

TABLE 5: Sensory assessment (%) by paired comparison of fried coated portions
processed from single (SF) and double frozen (DF) redfish fillet and
mince.

Item Storage time  preference stale/fishy firm
(months) SF DF SF DF SF DF fluence of both thawing procedu-
ﬁ”et, 0 25 575 50.0 50.0 450 55.0 res (water as well as dielectric
ore rigor 6 58 472 56 444 g4 36  thawingwas compared) and state
of rigor at freezing was noticed.
12 5 WS B0 50 S5 45 DF samples were equal in quality
fillet, 0 575 425 4338 56.2 60.0 40.0 to samples frozen once. Further-
post rigor 6 55.6 444 472 528 218 727 {nore, ther: are reports on Efi?d
ong-term frozen storage ability
‘ ? 57‘5*“ 42'5*“ 42'5“ 57'5*1 40'0*” 60'0M of redfish (Dyer et al., 1956;
mince, 0 8007 200 o™ 2007 07 807 Lauder et al.,, 1970). Redfish fil-
pre rigor 6 833" 111" ns 1Y 2720 N8 lets stored at —12 °C remained in
1 7500 250 125° 875" 75" Q5™ good condition for 17 to 22
mince 0 500 500 163 537 188 ) weeks, but became unacceptable
' . . in seven months, while when
post rigor 6 722 278 306 69.4 333 66.7 stored at 23 °C, this applied after
12 400 600 575 425 425 515 30 to 80 weeks (Dyer et al., 1956).

The effect of various periods of
pre-freeze storage for iced, whole
redfish on the shelf life (at -23
°C) of the fillets were reported
(Lauder et al., 1970). Fish iced for
two days, then processed and fro-

w4 D <0001, ** p<0.01, *p<0.05.

TABLE 6: Colour values measured on untreated and fried (f) portions of redfish
fillet (F) and mince (M) as a function of rigor state (PR, pre rigor; PO,
post rigor) and refreezing (DF).

Attribute Storagetime FPR FPR FPO FPO MPR MPR MPO MPO
(months) DF DF DF DF zen, were of acceptable quality
5 0 e N2 BE 50 82X 664" 73y 7y for 83-94 weeks; those iced for
6 ur B UE BT 519 67 NE N3 twelve days, then f{lleted and fro-
zen, had a storage life to unaccep-
1 4097 763 51T 588% 6377 6897 7047 tability of 51 weeks. Fish iced 15
a 0 002 -0.01 087 071" 38 154" 060" 095" days were unacceptable for free-
6 103" 012" 033 0.19 341 179" 058 076" zing. Freshly caught redfish fillets
1 08 003 04 00 34 141" 09 qepr “ere semsory evaluated on board
- - - - ship within 24 hours after capture
b 0 6.75 6.98 9.03¢ 993" 113 9.55 10.12 10.12 (Oehlenschliger, 1984). The re-
6 785 784 779 843" 107" 976" 927" 102" sults were compared favourably
1 877 696" 773 7237 107" 869" 89 913  to those evaluated after five
[t 0 Tt s 70 778 100 716 Jodar jage  months of frozen storage at —30
.. °C. Frozen samples were scored
6 75.60*  74da** T76b*  79.20** 69.3b*  70.30** T6.a* 747 significantly poorer in quality
12 T73¢* 754b** 802¢*  788c**  694c  TAOCY* T7.1b* 767 than fresh ones. Differences in
at 0 094 032" 018 -1007 325 145" 070" 042" appearance were comparably
6 080 068" 031 133 306" 133 76 gy small, while those in odour and
" O 02 090 085 35 150% 057 -0 taste were pronounced. Texture
became mushy and soft after fro-
bf 0 9.65¢ 1L 1200 1210 148 1357 134 136 zen storage. A further negative
6 12,00 1325 124 1267 177 152 147 147 influence on quality of the diffe-
12 11.0¢ 114 10.2¢ 10.5¢ 15.1¢ 13.0¢ 13.0¢ 122 rent pI‘OCSSSil’lg styles can be Spe-

culated as result from an increase
in free fatty acids (FFA). The
increase in FFA was found to be

ab.< different superscripts indicate significant (p < 0.05) differences between storage time; *, ** different numbers of asterisks indicate significant
(p < 0.05) differences between single and double frozen portions.
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and gummy increased irrespective of storage time. On the
other hand, the duration of storage appears to be of minor
importance for all textural attributes evaluated. The only
tendency to be seen was an increase in “gummy” with pro-
longed storage time irrespective of processing style.

No significant differences between SF and DF samples
were found by PCT except for those processed from mince,
pre rigor, irrespective of the duration of frozen storage
(Tab. 5). There is no explanation for this exception so far.
For all other portions, the assessors were unable to discri-
minate between SF and DF samples.

These sensory results agree well with earlier findings
(MacCallum et al., 1967). They found that redfish, similarly

more pronounced in redfish mince compared to intact
fillets and appeared to be inversely correlated to storage
temperature (Fricke and Oehlenschliger, 1983; Ochlen-
schldger and Schreiber, 1988). When frozen/thawed and
unfrozen redfish fillets were sensory evaluated during iced
storage it became obvious that at the beginning of storage
unfrozen fillets had significantly higher scores and maintai-
ned higher scores throughout most of the storage period
(Magnusson and Martinsdottir, 1995).

Colour measurement
Results of colour measurements taken on homogenised
thawed as well as fried samples and colour differences AE*
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TABLE 7: Colour differences (AE*) between single and
double frozen untreated and fried portions of red-
fish fillet and mince as a function of rigor state.

Sample Storage time (months)
0 6 12
Untreated Fillet, pre rigor 05 1.1 25
Fillet, post rigor 13 18 14
Mince, pre rigor 8.7 9.0 5.7
Mince, post rigor 04 1.0 15
Fried Fillet, pre rigor 25 17 20
Fillet, post rigor 11 19 15
Mince, pre rigor 27 32 54
Mince, post rigor 16 19 11

cially in L*, when applied to other fish species such as cod,
saithe or haddock (Schubring, 2000a, 2001a, 2001b, 2002).

Instrumental texture measurements

Instrumentally evaluated texture parameters of coated
portions of fillets and mince as affected by rigor state,
refreezing and length of storage time are shown in Table 8.
Post rigor samples were mostly harder and chewier compa-
red to portions from pre rigor raw material irrespective of
storage time and pre-processing. For cohesiveness and
springiness, the same trends could be observed, although
few exceptions were found, e. g. for cohesiveness (fillet,
12 months) and for springiness (fillet, 0 and 12 months).
Adhesiveness of fillet portions measured on post rigor
samples was slightly lower compared to pre rigor portions,

TABLE 8: Texture parameters measured by Texture Profile Analysis on fried portions of redfish fillet (F) and mince (M)
as a function of rigor state (PR, pre rigor; PO, post rigor) and refreezing (DF).

Attribute  Storage time FPR FPR FPO FPO MPR MPR MPO MPO
(months) DF DF DF DF
Hardness 0 54.1 49,07 447 60.9" 705 157 154 745
N) 6 61.8 61.0% 51.3%" 73.0° 65.9 66.4 85.5" 743
12 60.3 51.9° 726 733 726" 76.2> 89.5° 84.7°
Chewiness 0 121 12.9 16.9 273 19.9" 203+ 34.2° 338
6 15.2 20.2% 21.0 36.1 199" 196 409~ 34 5+
12 145 15.6° 202 21.8 202 35,9 436 40.1°
Cohesiveness 0 0.4% 0.539 0.664° 0693 0.530 0.4% 0675 0.704"
6 0538 0.583 0.694%" 0.731%" 0.545 0.546 0 0.7M
12 0.559 0573 0.670° 0.715¢ 0522 0532 0703 0.704
Springiness 0 0633 0.671° 0.787 0.782 0.627 0.629 0.79% 0.805
6 0615 0.687%  0.789 0.795 0.650 0.641 0.808 0.804
12 0.646 0.640? 0.775 0777 0638 0.660 0.801 0.7%
Adhesiveness 0 048" 032" 02 -0.18 -0.40 -0.40° -0.28 -0.24
(Ns) 6 -0.38 -0.25 -0.14 -0.14 037 -042° -0.15° -0.200
12 033 02 -0.29 -0.33 -0.29' =011 =019 0,140
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=< ifferent superscripts indicate significant (p < 0.05) differences between storage time; *, ** different numbers. of asterisks indicate significant (p < 0.05) differences between single and double frozen portions.

between SF and DF samples are
shown in Tables 6 and 7, respecti-
vely. Colour differences caused
by double freezing were com- Storage time  FPR
paratively low, except for those | (months)

portions from mince, pre rigor, 231"

TABLE 9: Tensile force (N) measured on fried portions of redfish fillet (F) and
mince (M) as a function of rigor state (PR, pre rigor; PO, post rigor)
and refreezing (DF).

FPR FPO FPO MPR MPR MPO MPO
DF DF DF DF

346" 224 2.52° 416" 7.23" 385 443"

where AE* was very high for ther- 6 189'

289" 1.51 158 37 5.4 2707 329

mally untreated samples and high -
for fried samples. However, no 12 218

377 161 2220 331 5.4 3 372

clear influence of storage time on
AE* was detectable. Almost all
measurements taken on DF fried
samples were significantly different (p < 0.05) compared to
those taken on SF ones, irrespective of the colour value
(L*, a*, b*). For thermally untreated samples, the most sig-
nificant differences between SF and DF were found for fil-
let, post rigor, and mince, pre rigor. However, differences
were small and the tendencies of changes were variable.
Also, the duration of storage did not clearly influence the
colour values. These findings support the conclusion that
the samples, although quite different in processing (refree-
zing and storage time) did not differ markedly in colour.
These results were surprising since double freezing was
mainly connected with remarkable changes in colour, espe-

»5 different superscripts indicate significant (p < 0.05) differences between storage time; *, ** different numbers of asterisks indicate significant
(p < 0.05) differences between single and double frozen portions.

while almost no difference was obvious between the same
two types of mince portions. As with sensory assessment,
on mince portions, pre rigor, the influence of refreezing
became most obvious. Hardness, chewiness and cohesive-
ness increased significantly (p < 0.05) after refreezing. In
almost all other cases refreezing did not cause significant
differences in these texture attributes (Tab. 8). Surprisingly,
one year of frozen storage at —24 °C did not cause clear
tendencies in changes of the different texture attributes.
However, trends indicating increases in both hardness and
chewiness with increasing storage time were observed on
mince portions. Adhesiveness measured on fillet portions
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TABLE 10: Penetration force (N) measured on untreated and cooked portions of
fillet (F) and mince (M) as a function of rigor state (PR, pre rigor; PO,

post rigor) and refreezing (DF).

sults displayed in Table 11 that re-
freezing does not cause detrimen-
tal alterations in water binding. It
should, however, be taken into ac-

Storage time  FPR FPR FPO FPO MPR MPR MPO MPO
(months) DE DF DE DF count that prolonged storage ap-
untreated 0 175 1197 169° 1517 2917 1507 2307 178" Eears to be mainly aCCOI?tl)l;)amed
b e X ) . - . - y an increase in expressible mo-
6 3‘47* 274 ) 3,13* 3.01 ) 7'04, 459 ) 475 , 3.60 " isture (decrease in WHC), which
12 275 1607 2267 2767 4987 2997 2267 25X agrees with most observations re-
fried 0 160 682" 1117 855" 3287 383" 588 536" ported in the literature (Mackie,
6 144 8.66> 8.07v" 7240 3570 4620 401 4670 1993; Hurling and McArthur,
0 15 13 T 54T A0k 405 51 493 1996; Anese and Gormley, 1996).

ab.< different superscripts indicate significant (p < 0.05) differences between storage time; *, ** different numbers of asterisks indicate significant

(p < 0.05) differences between single and double frozen portions.

TABLE 11: Expressible moisture (%) measured on portions of fillet (F) and mince
(M) as a function of rigor state (PR, pre rigor; PO, post rigor) and re-

freezing (DF).

In a comparison of expressible
moisture during frozen storage of
minced cod and redfish, higher
values were found for cod (Hsieh
and Regenstein, 1989).

Storage time FPR FPR FPO FPO MPR MPR MPO MPO .

(months) DF DF DF DF Conclusion

0 126 126 122¢ 978" 169" 17" 1042 103 The quality of coated portions
6 1317 197 136" 104" 132 107" 1128 1.0 prepared from both SF and DF
12 135 124 14.8” 109« 159" 16" 12.7¢ 116" redfish fillet und mince processed

ab.< different superscripts indicate significant (p< 0.05) differences between storage time; *, ** different numbers of asterisks indicate significant

(p < 0.05) differences between single and double frozen portions.

was remarkably higher compared to that of mince samples
and decreased with increasing storage time. The changes in
adhesiveness in mince samples were not so well defined.

Hsieh and Regenstein (1989) compared textural chan-
ges of both cod and redfish minces by TPA. They found that
frozen minced cod degenerated faster than minced redfish,
especially at higher storage temperatures.

The tensile strength of DF samples was significantly
(p <0.05) higher, except for post rigor fillet, when com-
pared to those of SF samples (Tab. 9). This indicates a
marked increase in toughness caused by refreezing. How-
ever, with increasing frozen time storage, tensile strength
appears to decrease. This decrease was already at its maxi-
mum after six months and was followed by an increase after
a further storage of six months at —24 °C.

In penetration force, the differences between SF and DF
samples were significant (p < 0.05). Except for portions
processed from fried mince, pre rigor, double freezing is
connected with a decrease in penetration force (Tab. 10).
However, the duration of frozen storage did not clearly
influence penetration force. The penetration force measu-
red on untreated samples after six months was highest. The
increase in the penetration force observed in DF samples
is not surprising and can be attributed to a slight freeze-
induced hardening (Sikorski et al., 1976; Santos-Yap, 1996)
of the double frozen samples. The same results were obtai-
ned when using cod fillet as raw material (Schubring, 2002).

Water holding capacity

WHC measured by expressible moisture (Tab. 11) appears
to be influenced by refreezing. However, only for portions
prepared from fillet, post rigor, as well as mince, pre rigor,
differences were significant (p < 0.05). Surprisingly, DF cau-
sed a decrease in expressible moisture; this trend appears
not to be influenced by time of frozen storage. However,
possible changes in the total moisture content during tha-
wing on board due to some drip loss have not been taken
into account. In general, it can be concluded from the re-

pre and post rigor and stored fro-
zen at —24 °C for one year was
compared at distinct lengths of
storage time. Sensory, physical and chemical methods were
used with the aim to differentiate between SF and DF. Sen-
sory evaluated flavour attributes did not show significant
differences between SF and DF portions. Only the sensory
assessed texture of mince portions, pre rigor, was signifi-
cantly influenced by refreezing. The reason for this remains
unclear. Good long-term frozen storage capability as repor-
ted in the literature was also found for portions from both
redfish fillets and minces irrespective of rigor state. Surpri-
singly, colour differences between SF and DF samples, pro-
nounced in other fish species investigated so far, were wi-
thout significance for redfish. Double freezing was not
connected with a decrease in WHC as revealed by measu-
ring expressible moisture. However, prolonged frozen sto-
rage lead to a reduction in WHC. Instrumentally measured
texture by tensile force revealed significant differences bet-
ween SF and DF samples except for fillet portions, post
rigor. On the other hand, differences in texture measured by
penetration force as well as TPA were not consistent in their
tendencies. Further research is needed for clarification of
the pronounced quality changes in mince portions, pre rigor.
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