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Effects of Dairy Ingredients on some Chemical,
Physico-chemical and Functional Properties of Minced
Fish during Freezing and Frozen Storage

M. Anese* and R. Gormley

Teagasc. The National Food Centre, Dunsinea, Castleknock, Dublin 15 (Ireland)
(Received April 24, 1995; accepred June 13, 1995)

A mumber of dairy ingrcdierm have heen selecied based on their potential 1o act as crvoproteciants and have been added 1o four

different fish mince types in order 1o slow undesired changes in the fish due to freczefthaw cvcles. Changes in fish chemical

compaosition, colour. pH. water-holding capacitv (WHC) and 1exwure of fish gels, due 1o the added dairy ingredients, were
investigated. The addition of the dairv ingredients affected the pH and the colour of the fish minces. For almaost al! of the fish types
‘wdied, the lower the fish WHC values, the greater the 1exiure values for the gels.
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Introdnction

Freezing and frozen storage are used extensively for the

-+ preservation of fish and fishery ‘products. Although

microbial growih and almost all chemical reactions can
be temporarily slowed by low temperature, freezing
and frozen storage may be responsible for many

~chemical and physical changes in fish. which cin affeet

the functional and sensory properties of the products

(1) These changes are mainly caused by alterations in

~fish mvofibrillar proteins during {rozen storage as a
resultof the formation of intermolecular cross-linkages,

and conscyuently the aggregation and denaturation of

actomyosin (2-5), During freczing. the decrease in the
2. amount of liquid water available 10 the proteins, as well

1s the increase in clectrolyle concentration and

*mechanical damage of muscle structures. caused by ice

- cryoprotectant effect of some nonfish proteins. for

example milk protein derivatives and egg. white, in
surimi and fish-based products has been reported by
several authors (9-15). Although the study on the
functional and physico-chemical properties of nonfish

© proteins proved useful in some cases for predicting gel-

forming ability and other functional properties of fish-
based products, a good -cryoprotectant effect can be
obtained only when a synergism between nonfish and

~fish proteins has been established (10-12).

The objective of the current study was 10 investizale a
number of dairy ingredients. selected on the basis of
their potential o act as cryoproleclants. as improvers of
the quality of frozen fish mince. Cod and haddock were
chosen as examples of low-fat white fish, and salmon
and spent salmon as examples of ﬁsh with different fat
and moisture contents. :

crvstal growth are considered to be the main causes of

~ protein denaturation in frozen fish (6-8). The retention
.of functional properties, in particular gel-forming abil-
ity and water-holding capacity (WHC). is tmpondm {or -
‘manufacturing fish-based products.

"Extension of shelf-life of fish during frozen storaﬂe can

be achieved by the incorporation of ingredients (e.g.

_ crvoprotectants) that are able 10 prevent ice crystal
+- growth and the migration of water molecules from the

protein, thus stabilizing the protein in its native form

" during frozen storage (6). Some cryvoprotectants, such

- as'mono- and disaccharides, glycerol. sorbitol, some

" - salts. acorbic acid, citric acid, carboxymethy! cellulose,
-+ gums or their combinations, are satisfactorily used to
- {reeze-preserve fish, and a]sq'fruil and poultry (6). The

" *To 'whom correspondence should be addressed. Present address:
Dipartimento di Scienze degli- Alimenti, Um\ersm of Udine. Via

Marancom 97, 311()(1 Udine (ltaly). -
0023-6438/96/010151 + 07818. 00/0

Matcrials and Methods -

‘Preparation of minced fish - R '

Frozen fillets of cod (Gadus morhua). haddoyi\ (Gaa‘us
aeglefinus). salmon and spent salmon (Salmo salar).
obtained from fish processors, were used as starting
material. Fish fillets were skinned and minced (the
drum having Smm diameter perforations {Kenwood]). -

- To the minced fish, 80g/kg of dairv ingredients were

added on a weight basis. The ingredients were powders

- of lactose (LLAC), skim milk {SKI), 90% demineralized -
whey (DEM). milk protein isolate (MPI), whey
(WHE),
" 815g/kg whey protein concentrate {W80), sprav-dried -
" calcium caseinate (CCA) and spray-dried sodium case-
- inate (NCA), all obtained from l\erry Inszredlems

355¢fkg whey protein concentrate (W35).

©1996 Acad::mlc Press I_m'mcd
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" Yable 1 Moisture and total protein content of ingredients
- added to minced fish

Total protein

Ingredient® Moisture

(g/ke} (g'kg)
LAC 06 4
SKI 338 377
DEM 154 137
MPI 453 565
WHE 10.2 142
W35 3.0 355
W80 304 815
CCA 409 931
NCA 440 916
s AC = lactose: SKI = skim milk: DEM = 9%

demineralized whey; MPI = milk protein isolate: WHE =
whey; W35 -= whey protein concentrate. (355g/kg): W80 =
whey protein concentrate (815g/kg): CCA = calcium
caseinate: NCA = sodium caseinate. :

(Listowel, Co. Kerry. Ireland). Tuble 1 shows the
moisture and protein conient of the ingredients used.
Each mixture was blended in a Kenwood blender for 3

- 'min at constant rate. The prepured samples were
packaged in plastic bags (each package containing

about 3{{) g) and gently pressed in order to obtain low-

* . thickness samples and exclude air bubbles. Samples

.- Gels were prepared according to the modified method -
.- of Hastings (16). Thawed minced samples were mixed
. with 30 g/kg NaCl in a food blender (Kenwood) for 3
-min. Mixtures were then packed into 40 mm diameter

without dairy ingredients were used as controls (CON).

--Samples were subjected to three freeze/thaw-cycles .
. Aaccelerated tests). Each freeze/thaw cycle was carried

- out by freezing samples in an air blast freezer at =35°C -
.for.ahc)ut 2-h and thawing at 3 °C overnight. Freezing -
-and thawing rates were recorded using a:Granl-Sq&irrel'
Datalogger (Grant Instruments Ltd. Barrington, Cam-

bridge.. UK.). Data were then transferred to an

-'.expanslon -unit (Epson HX 20, Epson Corporat:on
Japan) and plotted. .

Preparation of gc'ls‘

polyvinylidene chioride (PVDC) casings. using a hand

“‘sausage stuffer. Sausages (about 20 cm long) were
--cooked in a water-bath at 90 °C for 40 min and cooled

Far conteni
AOCAC Official Merthod of Analvsis (17) was used tg
determine the fat content of the fish. Analyses wers
performed in duplicate for each sampie, and the
difference in results between two determinations cay-
ried out on the same sample did not exceed 50 g/kp
fat.

- Total protein

Total protein was determined in duplicate using the

‘well-known Leco FP-428 Determinator System (Leco

Corporation, St. Joseph. ML US.A.). This is a micro-
processor-based. software-controlled instrument for the
determination of nitrogen in a variety of materials.

‘Carefully weighed samples (averaging 0.4 to 0.5 g) were

combusted in a hot furnace {950 °C) in the presence of
pure oxvegen. The gases of combustion were passed
through a thermoelectric cooler to remove most of the
water. A 10 mL aliquot of the sample mixture was
passed through hot copper to remove oxygen, then
through Lecosorb (NaOH on non-fibrous silicate car-

- rier} and Anhydrone (MgClQ,) columns (Leco Cor
poration, St. Joseph. MI. US.A.} to remove carbon

dioxide and water. respectively. The remaining nitrogen

‘was measured by a thermal conductivity cell. Before
-analysis, the instrument wascalibrated using EDTA as
~standard (95.9 -g/kg nitrogen). The final result -was

expressed as g protein per kg initial sample, using a
conversion- facmr of 6.25 for fish and 6.38 for milk--

~-derivatives. Measurements were made in duplicate, and -

the difference. in Tesults between two determinations
carried out on the same bampie did not exceed 10. g/kg
protem

pH ' :
The pH of the mmced samples was estlmated accordmg

to the method of Sych er al. (18). Samples (5 g) were

mixed with 10 mlL deionized water (single analysis).
The pH was measured with a pH-meter (PHM 82 -
Standard pH-meter. Radiometer, Copenhagen, Den-

*_mark) at room temperature.

- in cold running water for 10 min. Samples were stored 7

- 'at 2 °C overnight and were then allowed to equlhbrate
. at room temperature before analysm

SRR _Mo:srure coment - -
" Samples were dried at 70 °C and 74.7 mPa (for about

R 15 h)in a vacuum oven {Edwards High Vacuum B 240,

- Manor Royal Crawley, Sussex, UK.) to constant
- weight. The moisture content was determined by weight
. difference and expressed as g/hkg of initial sample
.7 weight. Measurements were made in duplicate, and the ~
- difference in results between two determinations car-
.'ried out on the same sample did not exceed .50 g/kg"
. moisture. S :

Colaur e

* Colour. measurements were camed out on mmced s
. samples using a Hunterlab model D25 Colour Differ- -

" -ence Meter (Hunter Associates Laboratory, Inc, Fair-

fax, VA, US.A.). The instrument was standardized g
against a white tile before each measurement. Colour
was expressed in L, 2 and b Hunter scale parameters,

‘and'the a and b parameters were used to compute the
~hue angle (tan™ b/a) (19,20). Measurements on each
-sample . were made in duplicate, and the difference in -
results between two determinations carried out on the

same sample did not exceed 10% for all the Hunter :

' parameters.
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Water-holding capacity (WHC)

WHC was determined following the modified method
of Gormley ez al. (21). About 3 to 5 g of thawed minced
samples was carefully weighed into prepared centrifuge
tubes containing approximately 2 cm of glass beads; the
beads were supported by a cup-shaped filter-paper
thimble. Samples were then centrifuged at 1500 rpm for
10 min at 10 °C (MSE Mistral 3000). The presence of
beads altowed the drainage of fluid from each sample
during centrifugation. After centrifugation, the samples
were removed and reweighed. WHC was expressed as
follows:

Egn [1)
W

where w/ is the weight loss (g) after centrifugation and
wi the initial weight of the sample.

“Measurements were made in triplicate. The coefficients

of variation. expressed as the percentage ratio between

- the standard deviation and the mean value, were less

.. Elasticity index was calculated as the percentage ratio - -
- of recompression and compression values.

than 5%. :

‘Compression/recompression and puncture fests
“Compression and punclure tests were made on gels
- following the methods of Hastings (16) and Gormley er -
.. al.(22). The fish sausage samples were cut into 20 mm
:lengths. and the evlinders were compressed by 40% of - -

“their height ‘using a shear press (ramspeed 4.38 mm/s) -~
‘fitted with- a proving ring and connected. via an -
-~ amplifier: to a recorder (Philips, mod. PM-8100). The -

- samples were subjected to recompression immediately
<‘after :compression. -Compression ' and .recompression -
* values were expressed in Newtons (N). The cylinders . -

were subsequenily puncture-lesied using a flat-end

probe 12 mm in diameter. The  breaking force. -

-expressed in Ns, was measured at the point of rupture -

-of the samples. Five measurements were carried out on -
i each sample. The coefficients of variation were less than

10% for both the compression and puncture tests.

."_Calbrimé!ry'-‘f_.'.,."" R AT SRR
“Differential scanning ‘calorimetry - (DSC). was per -

.. formed on a Mettler DSC 30 (Mettler, Greifensee,

~.(approximately 12 mg) and sealed in sample pans. An

Switzerland). : Samples were -accurately weighed

" empty sample pan was used as a reference. Duplicate

.- samples were annealed in order to allow ice crystalliza-

- tion (23): samples were cooled to -50 °C, heated to
-25°C at 5 °C/min, cooled to =50 °C at 10 °C/min. and -

. then scanned from —50 °C to +30 °C at a heating rate
of 5 °C/min. Enthalpies (AH), expressed as Jig,

.7 agsociated with the melting of water were determined

by integrating the area under the DSC curve, using

| software for thermal analysis (Mettler, Switzerland), -
- --and dividing this area by the weight of the sample. A

sigmoidal baseline was used to calculate peak areas to
compensate for the change in the specific heat (C,) that
occurs when water passes from the solid state to
liquid.

Statistical analysis

Analysis of variance was carried out for each variable
for the four fish types. The least significant difference
(LSD) was calculated as follows: LSD =s.ed X 2
where s.e.d. is the standard error of the difference
between two ireatment means.

Results and Discussion

Average moisture, total protein, fat content and pH
values for the four types of fish studied are shown in
Table 2. Compared with cod and haddock species. the
two types of salmon contained a higher amount of fat,
although the content in the spent salmon was only one

‘third that of the high-quality salmon (Table 2); the

- 100
©- 80
‘80
70
- 60
"7‘:4_0' .

WHC (%)

WHC (%)

" Fig. 1 Water-holding capacity (WHC) values-for cod (M) and
haddock ([J). ‘with and without added dairy ingredients. =~ -

" CON =control; LAC =lactose; SK1=skim milk; DEM=90%
demineralized whey; WHE =whey, MPl =milk protein iso- = -

_late; W35 =whey protein concentrate (355-g/kg), W80 =whey

- protein concentrate (815 .g/kg); CCA =calcium caseinate:

NCA =sodium cascinate. Differences are statistically sig-
nificant if the difference bétween the means are greater than.

-the Jeast significant difference (LSD =2.4)
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higher fat content was balanced by a lower moisture  Fable 2 Prosimate composition and pH lor minces of coq )

content. . haddock (Had). spent salmon (88) and salmon (S)
After addition of the dairy _dcriv;tli\'cs. average mois- Moisture  Total protein Fat
ture ranged from 752.5 to 763.1 g/kg for cod. from 758.4  Fish 1vpe (g/kg) (g/kg) (¢/kg)  pH
to 768.7 g/kg for hu-ddock.ﬂfrmn 729510 5.7 gk for - 204 773 316 s 68
spent salmon and from 673.2 1o 696.2 g/kg for salmon. gy 7814 213 5 65
sS 781.6 197 21 6.7
23 25
100 S 7231 25 61 6.6

WHC (%)
en
o

_ ' | _
305‘ ' Depending on their protein content. the dairy ingre.
o 70 - { dients influenced the protein content of the fish sampleg
o 60 - _ i to a different degree. The minimum and maximum total
‘ : i protein values for dairy ingredient-incorporated cod,
. b haddock. spent salmon and salmon were 177 and 219,
1 _ 40 1 177 and 220. 165 and 224, and 174 and 222 gikg
; . _ 30+ | respectively.

' gl ‘ © Addition of dairy ingredients signiticantly m‘ccted the
| : ) ’ . pH of the four fish types (7 <0.001). However. differ-
SR 10.2-* ' : ences in fish pH for the different treatments were small,

oL B . . o

so.may not be of practical importance. The minimum
and maximum pH values for cod. haddock and spent

s - [ —_
{ \ 133; i e silmon were obscrved for the W80 and NCA treat-
i | ! Pl , ‘ments. respectively, and in th case. of \dimun for the
SRR IR R i - WR0 and SKL
: 701 ! .~ Tableé 3 shows Hunter L and hue angle values of the
~ &0 P RN four fish types studied. The results for L and hue angle
A Pl - showed that the areatment cffects vn cach-of the four
E 50 | b - lish vau. were significant (P<U(ltll} Considering the
LB o0 gl ity s elfect of the addition of the ingredients.on cod and
a0 IER R F1y o haddock separately from that onsalmon (hecause of -
40 '_;‘_ . 2 : - 7 the different colour of their Aesh). a sigaificant inter-
1 f v L _action between. fish and treaument was found
PR 4_; Pliiid (P <000, _ e
0 ”g] D e ;.;.‘l.‘_."‘ el - Figures 1 and 2 show the WHC values for cod and
a C S g 5 '_g : E = g § = E s chaddeck. and salmon. and spent salmeon; -respectively..
T C s IR T _ Cono U The addition of s the dairy ingredients  significantly

" Fig. 2 Water huldhw capacity ('“-H( } values for spent salmon ~affeeted: the WHC ‘_vzlluc.*_: for 1hc_s:nnp[c.\: (Pc:{l.()(l'l).
(M) and salmon (2 )wnh and without added ds ury m“n.du,nls Cod showed the highest and lowest WHC values with
'(Su. Fl;,. l lor .1hhrc\muuns) . . . CCA and W80 f{:\pLClIVLI\’ In lht. cise of }mddocl\ the

" Tahle 3 Hunlu‘ L dnd hm. dn--h. v.lluu Ior cod. hdddnc.k (H:ld) spz.nl “salmon (SS) and \dh’ﬂ()[l (5} \r\llh and \\uhuut added
' dalrv ingredients

. N L\'a]uc'" : Hue angle

- Treatment* -+ Cod - Had 88 -8 Cod Had SS. 5
_ - CON . 396 © 578 477 .- 90 930 - L1 58N -49.0
: “LAC - 557 365 . 464 445 93 ok 373 453
CSKE L L 609 o614 514 To457 - 48 04 5T e
~DEM.. - 5760 0 377 0 480 - 455 o 9620 0 999 569 . T
SOUMPE L S B30 el o 504 U800 0 988 0 953 0 T 589 309
; JOWHE o o 5T 5720 492 - 456 0 - 998 10200 570 0 6
CUW3S o U589 . 605 0 485 448 o954 0 1010 - 569 478
| W80 e .- 582 00389 - 478 479 - 927 0 916 0 585 508
LUCCA T Y e US89 0 576 0 499 505 93] 9730 533 S 470
SNCA 605 T 538 489 492 - <950 - 938 529 - 448

- 4CON = control; LAC = lactose: SKI = skim milk: DEM = 90% demiineralized whey; MPI = milk. protein isolate: WHE =
© .- whey: W35.= whey protein concentrate. (355 glk gy W80 = whey protem concentrate (815 efkg) CCA = c:tlcaum caseinate;
. . NCA = sodium caseinate. _ _ _ :

" bLSD: T=0.90, F/T=1.81.

LSD: T=1.88. FIT=38. = : : DRy AR L
" The differences are statistically s:gmﬁc..ml lf th dlfferencc bLiWLLI’l the means are ureater thdn thc l“'dsl S]L,nlfl ant difference
- (L‘;D) for each factor ie T*lrcatrm.nt FT:mu.mcmm huwucn llsh and treadment. ‘ ‘

- }':._.-154_'
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110 - - - —

100 -

Force (N} _

Zz L0 O = == &8 & g =5 =
S S 5 2% £ 2 FE = 9

Fig. 3 Compression (0). recompression (73) and puncture (M)
~values for cod gels with and without added dairy ingredients.
Gels prepared- from fish after three freezefthaw cvcles.
~CON =control. LAC =lactose. SKI =skim milk. DEM = 40%

demitieralized whey, WHE = whev, MPL=milk protein iso-

ate, W3S =-whey protein concentrate (355 g/kg), WSO = whey -

- protein . concentrate {815 gkgl CCA = calcium caseinate:
NCA = sodium cascinate. Differences are statistically sig-
- nificant-il the difference between the means is greated than
S The deast significant difference {1510 DS 2
" -osion mul 1me]1|u\:un 1\!)~tl?‘ lor punclure. -

: '.--h'i«".h;.sl WHC avalues were-lound. Ilm"'('(‘/\. ;\'r' N(;/\-

Sooctremments (LSD < 2.4y and the Towest for WSH or W35
© restments (1S <2.4). Both ‘types of satmon pre-
Casented the owest - WHC  value - when nn ingredients

~were added. -while the highest. values were obtained. -

‘with the incorporation of SKLor WHE (LSD<2.4) in

1

Foree tNY

R

Fig. 5 Compression (O3, recompression () and puncl.un: (R)

~values -for spent salmon gels with and without added dairy

ingredients. Gels prcp.m.d from fish afier three frun./lh.m
L\du (See Fig. 3 Iur abbreviations)

- the case of the spent salmon. and LAC. DEM MPI ar .
W {LSD < 2.4) for salmon. :
3Afor mmpru.- - ‘Figures 3, 4. 5
~and- puncture data lor the fish-based gels
- greater compression, recompression and-puncture val-
Cues thansdid cod incthe case of added LAC SKI DEM.
- MPL and'NCA:(Figs 3 and 4). Comparing Figs
< ireanbe observed that the foree values for salmon werce
“higher than those for spent salmon. This can b
cattributed cto the - different quality of the -starting
“materials, For cach-of the four fish iypesconsidered. the
‘WiO-incorporiited fish gels broke at signifieantly higher -

S.and 6-show compression. rc.r.umpru\:un
Haddock had

S and 6. .

(F'<0.001) compressive forces than did the control fish.

R P TR

: Fig. 4 Compression (1), recompression ({7).and puncture (M) - -
2 Cvalues for haddock  gels with -and withow added  dairy -
.. ingredients. Gels pr(,pan.d from_fish after three Ireuv..lt!mw .
. “evcles. (See Fig. 3 :

lor. abbrev muun\)

7100 ;- 100+ ' '_ : T
T 904 ol . R . o
. 3“!-1‘ - = A, I R U . i - ) ‘\\ . FH] ' L
0 Ay i (S e § o : -E o
Lz € 6o || N N NININT
=5 € 30T % X
N\ sl 5 NN |
N 20 N R R I
N N B R R R
N ¢ 10 EX B X BN BN
et N B B R :
. g N IBY [BY Y RN I8
2 2 £ B8 5 5

K \'ch.s (Sec Fig. 3

Fig. 6 Compression (0), fé::ﬁﬁipi'c:minn () and puncture (M) -

values for -salmon pels with and withont -added  dairy
mun.dn.nh Gels pn,p.lrr_d from fish after three fru_/cflh.lw
for-abbreviations)
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Table 4 Elasticity index values, expressed as the ratio of

recompression and compression values x 100, for fish-based
gels. For cach measurement, the standard deviation values
are reported in parentheses

Treatment? Elasticity index (%)
Cod? Had?  Ss¢- sh

CON 81.5ad(4.5) 81.0a (4.2} 86.5a(2.1) d7.52(2.1)
LAC R3.0ac(0.8) 73.5b {0.7) 92.0b(0.2) 9LSb{O.7)
SKi 82.02c(1.5) 76.0c {0.2) 92.5B(0.7) 9L0b(0.D)
DEM 86.0b €0.3) 70.5d ¢2.1) 9L.3W0.7)  90.0b(1.4)
MPI 81.0ad(0.2) 70.5d (2.1) 81.0c(2.8) 94.0c(2.8)
WHE §2.5ac(0.5) 73.0b (14) 913b(0.7)  95.0c(2.8)
W33 84.0be(0.6) 76.0c (0.2) 92.56(0.7) 93.5¢(0.7)
wso 81.1ad(0.9) 79.0a (1.4) 91.5b(1.0} 94.0c(0.2) .
CCA 79.0de(0.2) 71.0bd(1.4) 80.5¢(0.7) ¥9.3a(0.7)
NCA T7.0e (4.7) 72.5bd(2.1) 72.5¢(4.8) 83.5d(3.5)

lactose: SKI = skim milk: DEM =
90% demineralized whey: MPI = milk protein isolate: WHE
= whey: W33 = whey protein concentrate, (355 g/kg): W8l =

~whev protein  concentrate (815 o/kg) CCA = caleium
caseinate: NCA = sodium caseinate.

-PHad = haddock: S8 = spent salmon: S = salmaon,

Mcans with the same letter  within a column are not

signilitzmt]y_diffcrcm (P>0.05). .

-gels. The NCA-added cod, haddock and salmon gels
‘and the CCA-incorporated spent sulmon gels required
-significantly lower forces to break than did the control

" gel (P <0.004). The force reguired for-recompression of

~santples showed a trend similar to that of compressiveé

. foree. #Also. - the forcd required for. penctration of

\

= NCAS

. 2CON = control: SKI = skim milk: DEM = demineralized
© " whey (90%); MPI = milk protein isolate; W80 = whey protein”
.~ concentrate (815 g/kg): CCA = calcium casemate NCA
- “.sodium caseinate. : e

-7, PRunk order.

- samiples was  significantly
. AP <OLOT). “The “lowest breaking force was for the -
- NCA=incorporated gels, and. the highest-for the.DEM- ..
- -added-gel indhe case of cod and haddock, and Tor the
U WS-incorperated gel in-the case of both salmon types.
-i Table dshows'the-elasticity index vaiues tor the various
- gels. They were computed as the percentage ratio of
- recompresston and wmprussmn va[uu and shnw the ©
* springiness of the gels. : -
From these results, it seems that. tor atmost all the hsh '
types studied. the lower, the fish WHC values, the
~greater the compressive and penetration forces for the-
"-gels. The reason may be that ingredients giving a low

- W80

affected by

. Tuble's™ -Enlhalpies’ (Jrg). percc.ﬁtaée of unfrozen water and’
‘percentage of water available for hydration of ingredient-
- incorporated cod samples. For enthalpy measurements, the -

standard deviation values are reported in.parentheses

‘treatments.

~ingredients (e

T . .Enthalpy ~ Unfrozen Hydration
o Treatment? - (Jfg) water (%) - . water (%)
- “CON. 2299(49) . 89 40,1 (Tth)?
“ooe SKI S 1986(1.3) - 128 46.1 (5th)
"DEM- 1903(53) ° 151 . 542{3rd) .-
MPI: 1946 (15 14 D509 (dih)
_ ©1992(2.5) 126 - 453 (6thy
CCA c169.7(3.8) 215 o 775 (Ist)
1744(57) - 201 - ' '726(2nd) -

fish WHC could facilitate extensive cross-linking of
proteins. thereby leading to a firmer gel (14.24).
Conversely, proleins. Le. caseinates, with a very good
WHC. when incorporated into fish, may distribute so

“fincly throughout the matrix that they cause a dilution

of minced fish. resulting in a weakening -of the gel
(10.12.14). The dilution effect of some of the dairy
ingredients studied - can be attributed to a strong

. protein-water interaction due to the hyvdration ability

of these materials. Table 5 shows the enthalpies (I/g) of
melting of water, the percentage of unfrozen water

surrounding the proteins and the percentage of water

available for hydration of fish proteins of ingredient-
incorporated mincéd ¢od. The caseinates gave a much
higher hydration value than did MPIL. SKI. DEM or
‘W80, which in turn had higher hydration values than
the control sample. Moreover, it must be pointed out
that. among the dairy ingredients studied. W80 had the

Jowest hydration value (as well as the lowest WHC

value and the highest compression value).
The formation of protein—ingredient complexes. mainly

" through the formation of hvdrogen bonds. could help to

prevent fish protein aggregation and. thereby inhibit

" denaturation during freezing and frozen storage (25)

in addition. the results suggest that water for hydration,
linked 1o the fish—dairy ingredient matrix. contributes
10 both the formation of an unfrozen zene surrounding

“the proteins (6.26) and-the prevention ol the migration

ol witer molecules from: the proteins, According 1o this

hypathesis and the experimental evidence, the protee-
“tinn-of fishiproteins:against freezing damage can likely
“hecattributed to arervoprotective effect of some of the

ingredients studied; for example cascinates (27.28).

“Conclusions

The addition of dairy ingredicnts significantly affected -
the chemical composition. pH. colour. WHC and the

el texture: of the four fsh types In particular, a
relationship between WHC, compression and penetra-
tion forces and the amount of unfrozen water surround-

ing fish proteins® was found. In general. the dairy
caseinates) that gave the lowest -
compression values had the highest WHC and hydra-
tion vajues. and vice versa. This can be attributed to the

formation of a protein-ingredient complex. through

hydrogen bonds, that may prevent protein-protein
aggregation and the migration of water from the

- proteins during freezing and frozen storage.

. Although more research is needed, a possible applica-
" tion of those dairy ingredients that are effective in
. preventing protein denaturation could be their addition

to formulated fish-based. produc;s as. 1mprovers of thﬂ -

'quahty of the frozen fish.
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