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- o h bstract

"Live Atlantic cod Gadus mori e s:cclim:ted.ut 0°C or 10°C for at least three)
weeks- ﬁndsstudied as well as cod fish held at ambient water temperature to determine,
the effect_of habitat temperature on the;keeping qualities of fish du;ing lov{ temperature

storage.” Cod fillets were stored In"ice (0 + 0.2°C) or partially frozen (-3 + 0.1°C) for

" various time intervals &: evaluate the effectiveness of the two méthods in preserving fish

'lreshnm The criteria ployed I‘or the jon of bioch mical deteriorati were |

changes in (i) extrachble protem, (n) free Ammo nc|ds, (iii) 'extrnellular nren' (iv)

levels'sf TMAO-N, TMA:N, and'DMA-N, (v) free drip and (vi) cell fragility. 5

Freezing . point aﬁd xr{elting point measurements of the muscle fluids or blood
plasma derived from cod fish acclimated to cold temperature (0°C) or from cod. fish

caught in the winter months d rated thermal is, unlike_similar. pl

. derived from cod fish scclimated to warm temp (107 or o ik maintain rat———

ambient water temperature caught in the summer’ lnon!hs This finding unplles that

- antifreeze promns are present in the muscle fluid - of cod fish when the habnst

tEmperstnre is Iow, but absent when the'habitat tempernure is lngh

N " Partial freezing provéd to-be a more effective method of minimizing biochemical X
dlmnge' than ice storage as judggd by the capacity of the partially frozen samples (i):to

retain relatively hiéher levels of extractable protein, (i) to exhibit less depletion of free

* amino ‘acids, (iii) .to form relgtiveiy lower levels of TMA and DMA, (iv) less increase in' .-

extracellular area, and (v) to maintain better consumer .acceptability during sensory
¢ D ! - : ;

. evaluation studies. ] . .
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AFP = antifreeze polypeptide

5 ;| 3
AFGP =%antifreeze glycopmtelﬁ i

. . g X ’
Co. \~-
# g ASWF ‘= ambient sea Water fish

.= colony fofming uriits

CTAF = cold temprature acclimited fish ;
; L ] AR . r
DMA = dimethylarnine =

DMA-N = dimethylamiqe nitrogen .

. EP = extractable protein . d N T -

FAA = [ree amino acids

FIFA = free fatty acid .

© FP = freézing point

/ -’ ) -
/. RD = relative dimage
'SF = surimer fish . \

TAPG = total plate count l




TH= thermal hysteresis
s ak
TPC = total plate count
Y ¢
TMA = trimethylamine
2

TMA-N = trimethylamine nitrogen

“ TMAO = trimethylamine oxide "

WF = winter fish
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Chapter 1

: Introduction
1.1. B;ck_grol-md T . ’
"The switch from a nomadic .Iifeqtyle to a more sedentary one revolutionalized
xlfﬂ'n"s‘methodvbf‘ food acquisition. While nomadic man obtained his food from the wild, :
lh‘e“ formation of settlements made it essential to cultivate as well as preserve and store
semonlnll surpluses of food. The choice of sites for Qeu.lements lpp‘enrs to have been

mﬂuenced by the availability of water and of salt. As such, most eirly seulengnu were

Iocal.ed nelmers, lakes, Ingoons and oceans which provide food mnemls such as fish,

. crustacea, gastropods, to mention a few. Fish provides man with food for both pleasure

and nutritive sustainancé. Fish consisls‘primnrily of water (86 - 84%), protein (15 -24)%,
lipid (0.1 - 22%) and mineral substances (0.8 - 2%) ( Mnhu;nolo 1979 ). Although ﬁah
can provide a-useful addition to man's calorific, mineral and vllumn nqmremmu, its

most valuable conmbunon to human diet is that of Ingh qunhty protem

Early man was able to develop vnrious methods to improve ih: keeping qualities of
. i \
his food. Pre-Neolithic man (possibly 250,000 years ago), discovered that heat and smoke

from fire could aid food preurvnion and also cause desirable changes in the edting

quality, nnd the Paleolithic 'food technologist' di d the i of sun-dr; \ing
as a'means ol preserving food as elrly as 18 000 B.C. (Slewnrt lnd Amerine, 1082). \



1.2. General Methods of Fish Preservation
v

schnol d

Even though modern food has pi upon the simple

r
processes which evolved -with ancient man, the underlying principles of the 'new’ _

have ined jall, hanged. Most of the known methods of fish

preservation i.. salting, drying, freezing, freeze drying, chilling, gas storage, storage
s B \

.
under vacuum (hyp:

storage), irradiation and the application of antibacter | 1
substances. especially antibiotics are mmed primarily at reducing or eliminating the
"effects of spollnge bacteria. Chemical, blochelmcal and physieal processes also contnbulc
to the deterioration ‘in-food quality. .Chilling, storage at roughly 0°C, js a’ widely usod\‘

9 method and this can be done in various ways. Usually the fish is stored in melting fresh‘\
wster ice which: can achieve a temperature as low as 0°C or slightly below. Sea water ice|
which hu a lower melnng point has been used with little success (Memn IBBS) Chllled]
sea water at-1°C ls'_used ina lm‘med number of cases notably _m»lhe halibut and salmon
;isheriesA Storage unv:ier mixtures of cn;-bon dioxide and othv;‘\i" gas 'is used commercially
(Lee and Toledo, lGéd). The use of the nntii)iotie tetracyeline in melting ice has given
some imf)rovement in keeping time'an extra 1 to 3 days for co;i and hlddock after 14
days stornge in meltmg ice although its approval for use in Canada has been

discontinued (Dusow ]97&)



- 1.2.1. Superchilling oF Partial freesing.
Fresh fish norl;xnlly h.as beem, :nd continues to be, the consumer's primary choice
in seafood. Fresh fish is usually stored in_fresh water ice until sold. Although different
\ species vary in their shelt-life, the limit for shelt-life of fish stored in ice is usually less
than a week (Lee al’!d"'l"olet‘lo2 1084i. For: long-term storage; fish is llsll‘lll!y'dried,,
fermented, cured or frozen. A fréquent problem of freezing fish. is that of texture and
flavour detér‘ioration during smrag&‘i‘husrsinc; qu;;lity deterioration remains an
unsolved problem in the fishing ind&}'y, s’uparchilling conditions then;lore became

. % 4 M i
attractive to evaluate as a possible method for holding fresh fish.

Supercliilling or partial !reezmg is a process whereby fish are hel§ "3t temperae\lres
just below the. point’ where the fish ‘flesh begins to freeze. The superchilling
temper;;tl;res are slightly lower than those obtainable in ice and are in the range of -4°C )
and -1°C. : i #

Several decndes ago, superch\lhng ‘was observed to extend the shelf life of cod and
haddock (Reay, 1930) As early as 1935, 12teresc in the commercml use of superchilling
was expressed in a trade Jonrnal 'Flshmg Gazette® (Anon. 1935). The article gave a

of a i ion p ulled the Bellefon-Falliot process. In thls

pro‘cess, 110 ib of .\wbole r:uh were- packed in ‘individual gulvqpiied “.woled iron boxes
which could be hermatically sealed by means of a rubber gasket.and metal clasps. A
continuous stru{\t o[ brine maintained at -2"6 to -3°C was pumped over the cloéefi
boxes stacked on ;heives in a v:&sel‘s ‘hold, or at a shore side installation. The ;n;cle

claimed that the quality of the fish remained essentially the same, after 30 to 40 days of

/ ”




storage,vas when the fish were first caught. The reasons given for this high pmduct
quality were exclusion of air in !he sealed boxes, muntennnce ol‘n regular refrigerated
temperature at -2 to -3°C, no sweatmg, no evaporunon, no damage I‘rom excessive fish

handling, no bruising from ice (smce no ice was used) nnd no freezing of the ﬁsh flesh.

Apart from this m Iéno dditional published information was found ing the us
of the Bellefon-Fsllmt process and it was therefore assumed that-the pmcess did not
meet with, unjversal uccepnnce. X : . *

5 = .

The use ol’ superchilling to preserve fish remained in the hackgmund unul 1963
When Ranken 11963] bneﬂy menhoned that a system had been developed\n Portugal I’or
holding fish aboard a fishing vessel nt about -1°C (30°F) Follcwmg this, in 1964, new
mterest and acnvny were generated in the superchxllm{pmcess for fish, refrigeration.
Scarlatti (1965) gave.a detmled\descnpuon of superchlllmg on bonrd ship .and this

lated o d i

a P! igation of the process (Anon., 1967). However, until

recently there has been relntwely little spplxcmon of superchill storage nnd this appenrs

to be due to the problems involved, as described in the next section. *

- 1.2.1,1. Problems of Snperchllllng

- Superchilled fish hnve a shell-life extending fromtwo to three weeks beyond that ng 1

normally ice-stored fish (Anon., 1967; Gillespie, 19,68} Before the tenthor eleventh day

"the superchilled fish is considered ilo have a poorer quality’ compared to ice-stored fish -

(Merritt et al., 1086; Waterman and Taylor, 1967; Power et al/ 1969). After this perit‘)d,‘»

the rate of deterioration in superchilled fish is lower from 9 to 26 or 32 days (Power et -

al,, 1960) and also bnc‘terinl‘activity is greatly retarded /(Power and Morton, 1965;

Tomlinson et al., 1085).. .



According to various

h hill are’in the range where

n‘nxnmn.l endogenous biochemical damage occurs; l.lml. is the most . rnpld glycolysu
(Sharp, 1035), lipid hydrolysu (Lovern snd Olley, /1962), protein msolubllnshon (L.ove
and Elerian, 1984) and nucleohde dcgradat)on (anlnn and Dyer, 1989) This

8 nccelented hlochemlnnl dnmnge is prohnhly the Peason’ why” superchilled fish thay be

- rnled lower thsn\lceswred fish during the” fxrsQ ten or eleven days. After this storage -

time bacterial spoilage in ice: .d fish becomes p i and proceeds more rapidly
. ¢ .

7. in the dormally iced fish than in the superchilled fish (Roach et al." 1966). ’ s
; o . r
The texture of superchilled fish has been the most criticised (Partmann, 1965;
Power and Morton, 1065; Merfitt et al, 1065). . This has. been deseribed as dry dnd
" tough for haddock (Carlson, 1967), mushy, soft, and fragile for pacific cod"and halibut
(Roach et al.,-1968): Objective tesﬁng such as protein inso'lubi'lizacion and free }att}' Scid
formation have shown sifnflar results to those of the taste panel. Merritt, (1685) ang -
Love (1%5:), on the other hand found .almost no change in cell I‘ragiiity or sensory
e -———values- in cod sul;erchilled up to }D dgys between -1° and -3°C (cit’ed‘il; Love, 1066b ;

Merritt, 1085). . '

Severnl systems had been used to superchlll fish but with all of these syslqms the

hsh flesh is indisputably partially or”shallow-f , -and this is evxdenced by .gaping
myutomes nnd large ice crysnzrts(thut produce conslderahle thaw-drip (Merrit, 1965
‘Roach et al., _1988, Carlson, 1067), and' by bnochemxcnl proof of cellular disruption
(Gould, 1070). Such Ylesh i is indeed eonmdered frozen nlthough purually (Merrit, 1985;

Partmann, 1985; Power and Morton, 1065 Cnrlson, 1987) ¢ nud therefore mny not be
considered fresh in'this respect. .




Another eritical factor in superchilling is the temperature control:(Merritt, 1965;
Carlson, 1967). According to Watermann and Taylor (1967) a change of about ore

degree l9wer than -2°C makes the fish unsuitable» for filleting or smoking due to ice

formation; . E A

"Some fish species are more sﬁccessfully superchilled than others; large sized fish
w:t\t firm texture fare better than small Tish (Anon., 1967). In salmo,- superchlllmg not
only returds bacteml growth it;also delays 'belly-burn' ) .-

1.2.1.2, Present St:_tns of S\lperchllllng

$i|perchi]ling: has been done using either refrj ed sea Water (RSW) (Tomlinson

et al; 1065) of refr‘igerate}i ethylene giycﬁl solution (Uchiyama and Kato, 1974; Kato et
al,, 1974; Nowlan et al., 19\75) and it has been practi;:ed successfully-in some countries for
several ym's.(s'cmlnui 1065; Anon., 1067). ~Presently several fish processisg plants are
usmg this process In Japan it is éxteuswely used as a means of preservlng several types
ol‘ fish (Uchiyama et al., 1078 ; Aleman et al., 1982 5 Kakuda et al., 1984 ; Kakuda and
Uchiyama, 1983). l;; China superchilling has also been effectively used to’ prevent
bacterial spoilageioi fish and also to suppress e;lzymgtic sigcompés.ipicn (‘Mip‘g,i 1981). ‘In
New Zealand, several pr‘ocessing plants have sta.r'ted using ‘ilge method (Lee and Taledo,
. 1984). In Canada, the method is currently used by Fishery Products International u:: hold
fresh: fish for longer periods (personal communication :with Tom Morse, Fishery Product

International, St? John's).
X 5

* However, further study is needed to undefstand the type and extent of

"+ deterioration which occurs during storage of different species of fish and to learn how




I‘roz

intraspecific -factors influence "detefioration during storage of fish’ muscle at partial ~

freezing temperatures. i . .

ln summary, it nppears Irom previous studies that superchilling lo

of fish more 80 than 0°C sbornge during the early suges of storsge beca
endogenom blochemlcnl renctlons " However, because superchlllmg retards bncteml

action, more so- clmn 0°C storage, it nppeam to extend the edible storage life cousldexsb[y :

- longer than 0°C storage.

1.2.1 3. Ice Form-tlon in Superchilled Flah Musr,le
Ice I'ormation normally begins 'm i sh muscle at Lemperatnreé of about -1°C and” *
mcreases as the temperamre drops, so that at -4°C" nbom‘. 15% of the water in the fish is

1 (Dyer, 1968): Freezing of water in b.alog.cu\nssue prdEas i two stéps, siatisly

nucleation and crystal gtowth, and these steps occur.w a reﬁxlt of heat removal from the”

“fish, During the first stage of ,?low freezing, the temperature falls rairly rapidly to just

“below 0°C, the freezing point of water. During the second stage the temperature remains . - |

essentially constant for a period of time and this stage is known a-‘-;‘the"per‘idc_l of

thermal arrest®. ‘Approximately 75% of thg water is turiied into ice during t‘u‘ second .

“'stage. The temperature again begins to fall during the third stnge of freezing where the.

rest of the water [reezes. As the water in the fish I'reezes out-as pure. erystals ol i ice, the
cancentrmon of sulu nnd other compounds in the remaining unfrozen water lucreases e

subslanlully




- L3, Fnctora Gtﬁreml\ Fish Spoilagc

The process of l'|sh spmlaze is very complex. and is influenced by a number of )
ractors including ﬁsh species, catching method nshmg ground season, nnture and lond of
bactenal contammatmn .as well as posb-harvesc physncal or chemxul changes. Above the 6.
freezing point of ﬁsh, bacgennal action is by far the most lmportagt factor in producing
‘the unégsimble alterations in the flavour, odour; and appearance of the fish. However in

" frozen fish severe alterati(‘)ns of protein. stru‘cture, usually termed denutnr‘uion, occurs
and thns results m a significant detennranon of the texmre of the ﬁsh or product.

Another ‘important detenorahve reactlon wluch is |mponant in. certmn species of fish

during iced or frozen storage is hydmlysls and /[ or ox|dstmn of !nL
g 5 . “ -
v 1.3.1. Prouln Denxtur-tion of Fish Mnacle during Fro:en Storage
The term protein denntumuon' has ‘been defined by Slkorskl et'al. (1976), as
“the complex phenomenon m\'olvmg the alterahons of the secondary and tertiary
structures ol pmtems d\le to brenkxge of the bonds that contnbute to lhe s!ablilty of the
native protem con!ormnlon without rnphre of the covalent linkages between mrbon‘

atoms in the polypepude ‘chains®. Protein dennturnmn in frozen fish muscle alters the

protein so it is ne longer', soluble or extrnciahle by salt snlulmns under conditions.'in

‘which the native protein is soluble or extractsble_((}owne and Mackie, 1988).




demonstrated that isolated fish myosin lmeg;ta ilpon incubation in frozen solution

(Connell 1959, 1960, 1082, 1963). Aleman et al. (1082) found that the molecules of cod
myosi'n in solution l;gepu upon standing especially rapidly when frozen. Myosin from
nnmmnlnn and avian' muscles appears to be much less nucepnble to demenuuon
dunng I’rezen storage (Hultin;"1985).

i ° 5
The factors that appear to contribute to this protein denal\lntion ‘can be grouped

as : factors related to changes in fish molslnre, factors related to changes in’ fish |Ipld!,'

from tri. ylami oxlde

lnd the enzymic formation of

d

to protein d ion. Iee o may lead to damage

by f ion and ion of ice crystals, or by dehydration of the

sarcoplasm and an increase in concentration of salt and other solute.

Tlsue damage as a result ‘Q{ ice crystal formation is well documented. For
instance, it has been xhown that lreezmg at a slow rate causes the I‘ormmon of mter«

and intracellular ice crystals which -léad to brenhge of the cells, rupturing of

membranes, and disordering of the -ultrastructure of the cells and tissuesAccording to, ,

. Love (1968), the size and Iocqtioi: of ice crystals found in frozen fish are influenced by
the physiological status of the fish, the freezing rate, the storage time, and temperature
fluctuations. * During frozen storage of food, the small ice crystals hiave a tendency to

~melt and’ aggregate to form larger ones. Kent (1975) showed that there is a ‘rndmil

accretion ol’ ice in the lro:en (ice) system at the expense of the unl’ro:en (bonnd m"a

liquid) wn!er fraction.

3 - ; X
duction in the free water content of frozen fish appears to create an"

o
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Fluctuation in food storage temperature, even at low freezing temperatures,

accelerates the growth in the ize of the ice c{ﬁta!s. According to Dyer and Dingle
e R . : =

(1961), the effect Zg-gi/ perature fluctuation’on ice accretion is more prominent in the
critical freezing zone of -0.8°C ‘to -5°C. Also, storage at temperatures below freezing
results in a continuous pressure being exerted upon the cellular ultrastructure by the ice

 crystals, causing a disruption in the orientation and ization of the pl;

or:ganeiles. - . 5

Vi . 5 i@ U

.~ Proteins are amphipkilic and are built up from hydréphohi;:‘. and Polaraminezacite,
Proteins vary in their residue content'and amino acid sequence.  The, integrity of the
native structure of préteins is il]ﬂlle;l('l!d by a variety of forces, such as hydrophobic
interaﬁons, hydrogen bonding, ionic bon.ding, etc. For example, the stability of the '
three dimensiom’zi structure of ‘protein moleculés’is highly dependent on a new‘vml-k of

" hydrogen bonds, many of which are mediated through water molecules (Shenouds, 1980).
Thus, dehydration of protein molecules through freezing can result in nﬂisruption of the

H-bonding system,’ as we.li as, exposure of the surface regions of the protein molecule,

;nd cnnseqnently,\leévfug these surfaces ilable’ for other i Hydrophobi

hydrophobi Vﬂnd‘ hydrophilic-h i philic i ions could then take place, either within.
the same protein molecule, causing di it 91’ the three di essionsl structure, or
between adjacent , protein lecules, indicati protein-protein i i and

consequently nggregationTSikorski et al., 1978).
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. Incrnu in Salt Concentntlon

Durmg the slow rreezmg ol fssh muscle part of the water becomes nnavalhble asa

solvenl but a considerable portion. mny remam unfrozen, even at temperamres well

*, below l.he initial freezmg pomt Accordmg lo Kent (1975), more. than 90% of the

momture rreezes out at common tre mg temperatures (-lD"C to -20°C ), aud thxs causes
nbom B3 tenfold increase ‘in the concentratlon of soluble solutes in the remaining f l'ree ¢
water. A.n increase in san concentranon is known m al!ect cell pe}mesbxhty and proteln

propemes ‘Cnlcmm and msgnesxum hnve ‘the ability to'form i ionic cross-hnkages between

vpolypeptlde chains.and the increase m lheu- concentratmn has been; shown to cause the

-of muscle. '; i i "with ATP spliuing (Briskey and Fukazawa.;

1971). Both ions are involved in the hydrol, h in the tissues,

ysis ol the orgamc
as well as, polymerization of actin and myosin, Cnlcmm ions,enhance the:| polymenzatlon
of G-actin to F—actm, thus bvounng protein |n!eracuons Sodlum and calclum chloride

may also. be mdlrectly involved in p:ozem chnnges by ‘activating the hydrolysls ol‘ lipids.

* Furthergore, i morgumc ;alh can alter the conformanon of protems by, partmpnhng in

!
the l‘ormnuon of hpldepmtem complexes

1.3.1.3. The Influence of Llplds nnd Fatty Aclda

The effect of lipids on protein durmg I'rozen storage of 1'|sh vanes accordmg to the
state of the lipids. Intact fsts and, phosphohplds (unhydmlyzed uot o:hdlzed) d|ﬂer ln ,'
their renctmty with protein from thenr hydrolyzed and/or oxidized products "Also l‘{ee'
fatty nﬂds (FFA) ‘influence protems differently, from the oxidised mty aelds Even
lhongh intact lipids can plny a protective | mle for protems in sltu Athey can nlso Imve a
detrimental "effect on protems by Iormmg hpoprotem complexes which denature thed

protem or make them more hnble to denntunnu Ic sppears that in mty hxh the\neutr\




: ’ . o Ve
triglyceride lipid droplets dissolve thé FFA and thereby néutralize their hydrophobic
efl'ect on pmtem or compete with them for the bmdmg snes on protein. Love and Elensu

. (1965)%in a study‘on the cryoprotemve e[{ecl of glycerol on frozen cod m\lscles .
‘ R 'poshllated that the adr]ed glycerol' might .\ndlrectly protect lhe proleln as'a solvent. by

vlowenng the concentrahon of ell salts I'ormed in the l'rozeh material.

During frozen swrage of whole or | mmced Ilsh the pressure cxerted by ice cfystnls

on the ce]lular structuré ‘and thé breakdcwn in membrunes or deformatxon ih other

can lead to or ion of lipid nnd prolem componenls

= Sr " from natuml companments and open the way_to new l‘orms of contact betwecn Ilpldq ° tel

and pmtems Smce these moleues are dcnved from different locntmns in the cell, thenr o

R mtemctmn can, rorm new lipid protem complexes and this may allecz the texturul qunlny
- of the muscle ussue. - . ¢ g 4 a X
e 5
s . L4
- A '/ lati between d d proteid ‘tabilil and’ the ulation of t

FFA in lt’:zen-smred ussue has bgen observed Polyunsaturated mty acids msalublhzed T
more. ﬁsh myoﬁbnllar promns thun did less unsnturateﬁnes (ng et al J wsﬂ\d )

short cham FFA ‘were more reépnve than long chain FFA. FF/\ are beliéved to interact
1

pnmanly with ‘the myonbnllar protems Aclomyosm was the prime tnrget aceordinig to

- ‘many resenrchers and it i is Iu“gely unexlractlble in salt soluhon after nenctmn wnth FFA.
Accordmg to Sikorski et al. (1975), the FFA .attach zh_emselvu hydraphobipljy or

] e R A B
L gy * hydrophilically to sites o, the protein surface, consequently creating a more hydrophobic

.protéin surface and this can result'in a decrease i 'pn_i_tein ioll.lbility. Lipid axidazioﬁ‘, |:n

S

addition lo'causing rancidity, can result in free r@digalé and, oxidised prqducts that
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: interact with proteins. Therefore, I|p|d oxidation cam cause chanm in the nutritional

prnl:ln nitrogen content ol fish muscle. - > i J ¥
. - o

and lunchdml propertlu of fish protems [Slkorskl et al., 1976).

‘L3.1.4. TMAOase Activity | R .

The Iormsuon of formaldebyde (FrHO) and dlmethylnmn: (DMA) has been

~_ Bsened i, ﬁsh species that aré characterised by poor k}epmg qu:hlns during I’roun

ﬂonxt (shenoua‘.. wso) The fate"of ‘trimethylémiseoxide (TMAO), a ¢ p that

_ocmn in mnnne fish and shtll fish, was, cuelnlly smdied and its degradation i [mzm .

I'i:lf uscle: mw the ucondnry amine DMA " nnd FrHO ipa l 1 molnr ratio was ehlcldlted
¥ nnd \‘amndn, 1965) ‘A positive correlanon belween the formnuon of DMA, and
: rltlnn i hsh texture, pumcularly in the gudmd hmnly, has been -demonstrnted

TM4\Onse nssocuted wnth nulscle cells cntaly;es the following - reaction at freezing °

temperaturs ®
3 |
: ST R
Enzyrn'e('l‘MAOue) G -
(CHy),NO > (CHalzN'H_+ HCHO
(TMAO) .- - (DMA) (FrHO)- *

TMAO is nnllully pusent in most marine snimals and m physlologcll role is

bell!ved to.be lhll ol osmong\llllmn TMAO isa mljor put of the relatively high non «

The deterlommn in qu-hty and lexture of rrozen ntored f:sh momted with tha

k 7 enlymltlc hrnkdnwn of TMAO i8 basically amlbuted to thu formn!lon nl‘ FrHO nther

_uun DMA ‘A proposed mechlnum hy whlch FrHO lffeets pmun\l At the molecuhr

V-Ievel is bmd on the nblhly of FrHO to‘bmd cov;lently to various funchonnj groups m

. . 3, u

-

a1

Lt
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the’ protein and hence cause-a def i ied by cross-linking between the

# - R T K
“ protein peptide chains via methylene bridges. Walker (1964) identified various reaction
- . -

sites of FrHO in pr‘oteinv,molegles and these included smino, amido, guanido, thiol,

phenolir‘:., imidazole, and indolyl residus

B ' -
“ 'fhe extent - to.. whmh each of these different factors contribute to protein
E denaturnuun in frozen hsh is'not complete]y understood at this time.

id Dlstﬂbutlon of Antifreue » ~ e

Vlnny marine ﬁsh mcludmg the Atlanuc cod Gadua morhun may live ‘in ‘_n‘n .

envu-onment that is below the normnl freézing-, poml (FP) of mosl other orgnmsms Flsh

do not survnve lreezmg if protecti Y aré.not taken. One mcx\ns by

'whlch ‘marine orgamsms -protect themselves agamst freezmg’is Lhe formation of pmlems
_that lower the freezmg tempernture of the hlood As early. as 1953, some* slgnlfcnnt ’
‘observations on freezmg resistarice’ were made on the blood sera of various polnr nsh‘
. (Scholander et al., 1053 1957; Gordon. etal, 1982) These nnhfreeze prolelns were found
to'be soluble in tnchlomsceuc acid and were shown ta lower the freezing point-of wnter

to.a greater extent than equimoit jons of NaCl. Scholander- snd Maggért -

N (1971) and Hargens (1072) also cobj'lrmed the presence of the Antlfreeu‘-hku s\lbslunce in

the safffod cod Eleginus gracillis. *
: A}

DeVi'les' and Wohlsc‘hlag ('19139') first reported the existence, of :‘li"nnlilr'eeze

glycoprotem m‘Antnmc‘h:h More recent conhrmuuon of the presence of nnnrreeze has

e been rcported in the wmter l’lounder Paeudnpleuronzclea americanus, (Hew and flp,

* 1078 Fourney et al., 1084).
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The antifreeze proteins can be classified into two groups based on >the ‘presence or |

absence of :arbol:ydnle Antifreeze polypeptides (AFP) with no urbohydute moiety \

) -have been described in the winter flounder F i , |

et al., 1975); Benn; Sea sculpin szuephalua verrucosus, (Duman and DeVns, IWB),

oy Mo hal

sculpm scorpius, (Hew and Yip, 1976); sed raven "\
Hemilripterus americanus, (Hew et al.,'1981; Slaughter et 'al., 1981); and the ocean pout

Macrozoarecs americanus, (Hew ét al., 1984).

Flounder AFP is_the most studied of the lot descnbed above. ‘The molecular
welghts ol' AFP have been reported to be 8000 8000 and 12,/ 000 dnlwns (Raymond et
al,, 1975; Duman and DeVnes, 1976). Hew and Yip (1916) des:nb‘ed AFP of molecular
weight 10,000 dnlv.on; which could fragment into at least seven components with '

molecular weights ranging from 3,300 to 4,500 daltons (Fourney et al., 1984).
o} o — "

Gly:oprolein’nnl‘!freezu (AFGP) have been described in saffron cod Eleyi;ul
. gracilia, polar cod Boreogadus saida, Labrador rock cod Gadus ogac, the tomeod
E‘\ Ml‘rmgndu'lor.neod.‘ and the Atlantic cod Gadus morhua,_ (DeVries gzv al., 1070;
* Hargens, lﬂ'f?;'R:ymond et al., 1975; Van Voorhies et al., 1978; Osuga and Feeney 1978;

. Hew et al. 181; Fletcher et al., 1982). -

“In-contrast to the structural diversity ‘exhibite_d by the AFP, all of the glycoprotein

< antifreezes isolated have similar, if not identical structures in which the basic repeating

unit is a glycotripeptide of alatine-alanine;th ide with a dissacharide linked to the
_thnonina'resldua (Fletcher et al., 1082a). These ifree: gly ins have molecul

wé‘[ili ranging from 2,600 to 33,000 daltons.




1.4.1. Properties of the Antifreeze Glycop and Polypep !

The two classes of antifreeze appear to function in the same way. They drpr‘um
the freezing point in ‘a non-colligative manner, that is they lower the freezin§ point much.
more than what would otherwise be expected based on the osmolality of their solution

and they do not affect the melting pomt (DeVries, 1080). That is, these antifreezes show

.thermnl bysteresia. When the thermal b is of these antifreeze gly ins and

ﬁolypepudes' are plotted agamst the concentration of the antifrecze a convex curve is °
obtained indicating a saturation effect of the thermal hyaléresis at higher_protein
concentrahons Freezing point deprcssmn due to thermal hysterus\s is addmve with that

due to the collxg\ntwe properties o( th= antifreeze proteins.

The noncalligative lowering of the fn-ezing‘lompemlure is unique to the M;lil’reoze
proteins and thi‘s has formed the basis for. their identification, purification and
quantitation in plnsms. The mechanism(s) whereby these antifreeze p.réteins‘.prevem(s)
ige crystal nucleation and growlil is (hre) not well understood. However, it appears that
the antifreeze proteins bind to ice surface and somehow prevent tl;e addition of water
molecules to the ice lnlticg {DeVries, 1080). Recently, it was demonstrated that mixu‘xres
;f various compounds with both low and high molecular weight fractions o! antifreeze
glycoprotein show synergistic depressioln of the freezing temperature in solution (Kerr et

al., 1085; Caple et al,, 1084). . *
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1.4.2. Seasonal Variation'of the Antifreeze Proteins

For certain species of fish, the freezing point depression, thermal hysteresis and
antifreeze protein levels-in the blood plasma have been found to show annual cycling
with the maxima in winter months and minima in the summer months (Fletcher, 1977;
Hew et al., 1980). ’la‘he maxima levels of antifreeze occur during .t,he winter months when
the v;/ater temperature is about -1°C to -2°C and the n‘xinima_ in‘the summer months with
water temperatures of about 10°C to 14°C. Fletcher et al. (1982b) found this seasonal
;hange to occur in. the-antifreeze, sodium and chloride ion levels in the bloodv plasma of‘\

Newfoundland Atlantic cod Gadus morhua. Sodium and chloride fons are also thought|

to-play a role in the low temperature acclimation of some fish species (Umminger, 1976;

Fletcher, 1077). _

1.5. Rationale for Study

" Over the past decade, invéstigators have established that mal‘ly polar and subpolar !

marine. fish possess protein and glycoprotein antifreezes that lower the . freezing :
\ |

¢

temperature of blood\plumfbelow that expected ol; the basis of colligative properties
4(F¢"eney and Yeh, 1978 ; Devries, 1980). It is believed that these antifreeze proteins are a

major means by which such fish are protected from freezing.

The Atlantic ‘cod Gadus-morhua lives in an environment whose temperature
.
periodically falls to subzero levels (-1°C to -2°C). These fish appear to have specialized

means of protecting themselves from freezing (Fletcher et al., 1982b).

According to Love (1968) the-extradellular fluid of muscle has a similar composition

as the blood plasma. Thus the presence of antifreeze in the blood may be indicative of

|
ol
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antifreeze in the muscle tissue. Vnyin;‘ the muscle freezing point may re‘l‘lecl diﬂ!rence;
in susceptibilty of muscle protein to denaturation during partial freezing. It was therefore
hypothuized‘ that freezing point ana the degree of prolein denaturation um{ cellular
damage during frozen storags at the superchilling lempeml’urz of -$°C differ with the
acelimation temperature of Allan¥¥c cod (Gil‘.u morhua). )

- A ) |

N . "
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Chapter 2
Materials .and Methods

2.1, Materials _ ) ) <

2.1.1, Atlantle Cod Gadus morhua

‘At’]sntic_ cod (about iOO) _were caught at Portugal Cove near St. :lohn‘s, -
Newfoundland, (rom' May to August by local fishermen using cod .traps. The fish were
iarought live to the Marine Sciences Research Laboratory and maintained in a 40,000 L
sea vyﬂter aquarium at ambient sea water temperature and photoperiod. The fish were
fed capelin and the average ambient water temperature of the aquarium was recorded
daily and the average computed for each month.

8 L
Some of the fish were transferred from the main aquarium to two 2,500 L aquaris, -

. one maintained at 10°C agd the other at 0°C. These cod were acclirated at 0°C (cold
- temperature acclimated” fish, CTAF) or 10°C (warm temperature acclimated fish,"

WTAF) for a period of three weeks whil;‘ being fed on capelin prior to sacfifice for

studies giq\ed at deciph whether li had . any effect on

parameters such as freezing point (FP) and t‘hermnl hysteresis (TH) :ot plasma and
musele fluld of the fish as well as xrlu;i:'ture and ash composition'of the l'ish'mus_:le. l’l,‘he
rest of the cod fish in the 40,000 L aquarium, refegted to as |‘mbie’nt sea water fish
(ASWF), were studied alongside CTAF and WTAF. The lnﬂﬂrmf/p:r{n? llmzin‘ on

\
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deteriorative reactions related to eating quality were also investigated, The Allantic\ cod
used in the study were about 55cm to 65¢cm long.
2.1.2. Chemicals .

" The éhemicﬁ[g listed below were purchnsed from Sigma Chemical' Company, St.

Lﬁuis, Missouri, US.A.: sodiggh: ehlonde, copper sulphate, sodmm hydroxide,bovine

serum albumm (BSA), !nchlorosceuc acid (TCA), sndmm sulphate trimethylamine

(TMA) HCI, potassium hydroxide and utamqm chloride. ‘

The folla_;ving micals were from Fischer Scientft Compaiiy Ltd:

xylene, ethanol, eosin Y, formaldehyde, toluene, eth;'lene glycol, and picric acid.

The follovLing microbiological reagents’ were obtained from Difco Laboratories,

" Detroit, Michigan, U.S.A.: yeast.extract, tryptone, peptone, dextrose and agar.

», . " B
)y .
Thioglycolate” was: hased from BBL Microbiol. Becton Dickil and Co.,

Cockeystille, MD; U.S.A. BBL-Anaerobic system containing a holding jar, with rack,
palladium catalyst’ and CO, generator envelope and indicator were purchased from

Canlab Division of McGraw Supply Ltd., C;;nqda.

G yein sulphate was p d from Schering Corpomiun;‘kennwonh NJ,

USA Paraplast hssue embeddms medium (parnmn) was purchased from Sherwood

Medical Industries, St. Louis, Missouri, U.S.A. & F

Histoclad and Mtiyer's albumin fixative were purchased from Clay Adams ql sion

of Becton Dickinson.and company (BD), Parsippany, Ne/w}rsy, l).S.A.
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Dimethylamine (DMA) bydrochloride was purchased from J.T. Baker Chemmical

Co., ;lulhp!bfr;, New Jersey, US.A. 5 >

2.2. Methods Used

2.2.1. Treatment of the Cod

_Fish were sacrificed by stunning them on the head with a blow and immediately "

cutting. the jugular vein and tail in order to facilitate blaéding After bleeding, they were
filleted. und skmned From -one fillet, sections of about 10g to 20; each were removed
from the anterior end of the muscle between myotomu 9 to'20 (Appendlx 1) And dipped
in 0:3% gentamycm sulphate sulunon for 2 ‘sec. The excess antibiotic was drnmed off

usifig paper tissue and the muscle sample was then vacuum packed in Kapak heat

sealable pouches (Kapak C ion, Bloomi Mi U.S.A.) and stored at 0°C
fcr- 3, 6; 9, 12,15, 18 or 21 days. The samples were vacuum packed:in order 4o exclude
air from the pouches. The fillet obtained from the other side of the fish was’similarly

sampled and dipped in 0.3% gentamycin sulphate solution (recommended by Dr.

T. Patel, Biochemistry Department, M ial University of Newfoundland) also for 2

sec, vacuum packed, and stored at -3°C + 0.1°C in a Haake's water bath (Fisher
Scientific Co. Ltd., Ottawa, Canada) for 0, 3, 8, 9, 12, 15, 18, or 21 days. The effective
'coneentrntipl; of the gentamycin sulfate on the surface of the fillet after the dip was not

determined. These vacuum packed and sealed samples will be referred to as *muscle

“specimen® throughout the text. After each *muscle specimen® was stored at the-storage

time mdlcated it was nnnlyud for extractnbla protein (EP), pH % drip loss, %
extrncellulnr area, physiological free amino nmd TMAO TMA, nnd DMA For this lnd

or analyses below, were run in dupllcntc

on one fish-and thein repeated with *mauscle ‘spéciinen® from & second fish.
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2.2.2. Measurement of Freesing and Melting Points

X ¢
Freezing and melting points of blood plasma and muscle fluid were measured at

monthly intervals withi cod samples obtained.from the main’ aquarium (40,000L sea water

1) and'from cod acclimated at 10°C or 0°C for three weeks. ~

. The blo;id i)luma was ob‘tained according to the method of l;‘létcher etal|
(1982b).Approxj;r_|ately 25 mL of lvaloodv was' taken from cod. fish caudal blood vessel
using plastic syringes equipped with 21-gauge nee‘dles. The p!;lsmn was sepu‘mﬁd‘n‘ém )
the cells’ by low speed centrifugation (4000xg) a‘nd was. stored at -20°C. Antifrecze’
protem activity was determined by measurmg the plnsma lreezmg nnd melting points
using the method of Slnug{!e/r\and Hew (1981), with a freezing peml osmomolePIModol
3R, Advanced Instruments, Needhnm Heights, MA). Thermal hystercs:s, a measure of

activity, was

-~~~
d from the di between the freezing and melting -
. X

points of the sample (Slaughter and Hey, laSl)..

L . ' «
* About 10g of cod fillet was taken from the anterior end and homogenized for- 30

sec using a Polytron homogenizer (Brinkman model PCU 1, Réxdnle, Ontario, Canadui

“at s.emng number 5. The homogenate was cenlnhu;ed at 8000xg at O“C for .10 min nnd

the supernatant was collected and smred at -ﬂ.C The freezing and nyelting points of
muscle fluid were determmed uslng the method of Sluughter and Hew (1981). About 1

mL of the muscle fluid was dulysed using a 'pectraphor membrane tubing; 8,000 to

- 8,000 mol. wt. cutoff. After dialysis, the increase in volume of the muscle ﬂuld was

diluted with the same amount of water as found” Mter dialysis. The FP for this diluted

muscle fluid was measured as well as the undiluted muscle fluid.
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2.2.3. pH Determinations B
The surface pH of each "muscle speci was d at the respective storage
times using a surface electrode (Fisher Accumet pH Meter Model 140). ~

2.2.4. Free Drlp Mtuur:ments
Free dnp was collected into a, measunng cy]luder from the polyethylene pouches of

ekl Haitissle specimen® alter 1llowmg the samples to thaw at about 23°C for 1. hour. ~

_The *muscle speclmen' from which free drip was collected after 0, 3, 8 9, 12 15, 18, or

2 days, was welghed and the weight Icss used to calculate percentage Iree drip. *

2.2.5. Emm;uon of Exmcltibh Protein (EP)

’.I‘otal ;:rotein in the fish tissue was determined using a modified form of the
procedure by Cowie and Little '{1960), and it involved transferzing 1 g of *muscle
specimen® tai(en from the region of myotomes 9 to 12 quantitativ‘ely with ihe aid of §

mL de-ionized water info a -pyrex test tube and digested using -the standard micro- '

" Kjeldhal technique (ng. 1958) to estimate total protem nitrogen. For estimation of

water extractable protein a sample of *muscle specnmen' taken from near the head of
lhe fish in the region of myotomes 9 fo: 12, was freed from connective tissues
(myocomata) using a scalpel and approximately 1g of this muscle was weighed and
placed into a flask containing .50 mL of cold de-ionized water (~0° to 4°C). The

suspension was homogenized using a Polytron’ (Brinkman model PCU 1) at setting 6 for

1 min, The résulting macerate was’ then centrifuged at 8000xg for 30 min at 4°C. The

clear supernatant was analysed for protein using Snow’s (1850)" modification of the Biuret .

method. *The precipitatée was further macerated in 50 mL of cold 5% NaCl (~0°C’ to
v, ~I°C)A solution adjusted to pH 7.0. with 0.02M NaHCO,. The resulting macerate was
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centrifuged for 30 min at 8,000xg at 0°C"and the clear supernatant was analysed for salt

soluble protein using the method of Snow (1950).

2.2.6. Meu‘:r;ment of *Extracellular Area®* . “ g
- *Extracellular area® of partially frozen and ice stored ®muscle speci'men' was
“measured ucord’ingv ‘to the method of Love (1986¢c); who .described l.h'e space as
'extracellul;:rv ice areas® to measure freezing damage. Howe;er.;ince pént of ll!e study
was, done for iced fish, it ‘was considered appropriste- to dgscrib'é this: aren ‘as
*extracellular -area': Specimens stored at 0°C and 3°C for v‘arions times Vwere first
rapidly frozen in liquid nitrogen. A uniform (5 mm thick) slice of the frozen’ specimen
was then cut transversely with a microtome and plaEed in a Speedivac Pearce ti;asue

dryer (Edwards High Vacuum L!d Manor Royal Sussex, England) and drled undef
vacuum at -30°C for 4 h. The drxed speclmen slices were ‘then embedded m melted
*tissue preparation-paraffin wax* for 60 h. This method is essentially that of Koonz and
Ramsbottom (1939). Transve:rse sections (~16 microns thick) were cut with a roh‘;ry
microtome and ‘mounted on & slide. The tissues on the slides were then ‘washed in a series”
‘al solutions in the following order : i;ylene (5 min), xylene (5 min), 100% elhunel-xyl_ene
* (11, for 5 min), 100% ethanol (2 min), lOD%_‘ethl‘mel (2 min), 95% ethanol (2 min), 70%
ethanol (2 min), 50% ethanol (2 min), 35% ethanol (2 r’nin), excess de—it;nited water (2
min), excess tap water (2 min), haematoxylin (5 min]: rinse in excess wﬂe; ( 2 min), 36%
ethanol (2 min), 50% ethanol (2 min), 70% ethanol (2 min), 05% ethanol (2 min), eosin
(5min), rinse in 95% elhanol (2 min), | 100% ethanol (2 min), 100 % ethanol (2 min), 100%

ethanol-xylene (1:1 for 5 min); xylene (2 min), xylene (2 min).
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! The tissue was then fixed in histoclad solution and the sections were covered with a
cover slip. Each slide was then mounted on a photg microscope and .pictures of the
transverse _sectionngere taken at 180X m.isgnilic‘n'tion(: The relative damage (RD) due to
“extracellular area® was calculated by cutting out th-e extracellular areas and comp‘aring
l.heu weight wizh the welght of the total space Percent relative damage due to-

extrncellular srea was enlcululed as follows: ! s I g

E:euuliuln: ares . ) - &ﬁns!llllilﬂ areagy,, bl

RD °

\/Extrncnllullr aTe8 (s o, iced n-plo). e

For each sample two transverse sections were prepared -and 6 field photomicmgraf’h@for /
each section were examined and used for the calculnt‘ious.‘ * See legend to Tables 3-9

.and 3-10.

2.2.7. Ml:roblologlcll Anulyulu

Approxlmately 10 g of "muscle specirnen® from l‘lsh held at 0"0 prior to sacrifice

' was prtp}nd for total nembxc plate’ counts (TAPC), using sterile 0.1% (w/v) peptone v

yater conmnmg 0.5% NaCl as the diluent. To this_ 'muscle specimer® was added 90 mL

peprone water and the mixture was homogemzed [or 1 min using a Waring Blendor.-

* ‘Serial dilutions were made for. pour plates'from the prepared mixture. Duplicate" samples .

"were incubated at,20°C for 4 days and a volume of 1mL was p]ate&i in duplicate for each

¢ dilution. One mlof the diluted sample was withdrawn i_l:lto sterile petri dish and Difco

e

i . @ |
plate count agar was used as the medium (Gilliland gt al.,, 1976). A <

A " IR
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-

Mnchy (1962).

\ .

' R

For total nnur@xc plate counfs the same humogenue and dlluuons used in the 0
determination of total aercbic plate count was dane on. :h.oglycolm agar plnn
prepared by dlssolvmg 5§ thioglycolate .nd 15g uf Bactb agarin 1 L of dmmed

/

water. The plates were mcubnted at 20°C for 4 days.in an lnlercblc chamiber conmnmg

BBL gas packets and mdlutor (Lt! and qu\edo, 1984) Vs

2.2.8. Cell anlllty Method for Meumrln; Froun Dlﬂll‘?
About 200 mg or‘muscle speeunen' was freed of g.onneihve tissue by using a

do\lble scapel and homonmzed using a polytmn at semng B for 30 sec m 20 mL cold

1. 15% Iormaldehyde solution incubated in an ice bath. The Ajy, am of the homogennles

1 .
were | p h icall usmga K DU8 oph at 2

sec mtervn]s for 20 sec at 10°C. Thls‘melhod was mentmlly that described by Love and

2.2.9. De of"" trogen s Co InGodMlneh)A

Maisture, ash and some mmen.l elements in cod muscle'were delermlned as follows:

2. 2,0.1 Moismﬂ md‘A-h
Mmshm: and uh conunt of cod muscle were deternfted using standard

Focedto g

P in Association of Officfal Agricultural Chemists (Ao.AC, 1980).

For the moisture content determination, wughed *muscle sé:clmen' wit huted to

constant wenghl (for xboul 24 h)ina pomelmn dish -t lOO"C

" The ash content of 'rmucle imen was d ined by ifici ing the drl_ev:l
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* wateh glass. The Be;ker was heated gently for. 3 h then the wntéh glass was remov'ed_

R .
B :
sample, from moisture analysis, in' a I'u(r)na:e at §M°C for 24 h or until constant weight
N ¢ ? 5 » 4
was obtained.
| 2.2.0: 2 Determlnnlnn of*Na, Cl, Mg, Cu, Zn, K, and Ca
Snmplcs o’( nbout 400 .mg were wexghed nccurately into numbered teflon beakers

To gach sample ‘was added 5 mL of nitric acld,m 4 beaker and it was covered with o’

and the acid was ho|led to near dryness The resldue was nken up in 100 mL ot 0.2%

i
mtrlc ncld Inr flame atomic absorptmn nnnly with a "Varian AA-5" ltDm‘lc 'sbsorptlon

speclrophotome}er to measure thg cations listed above.

Chlof®e in the snmple: was sepamtely deterrnined as follows sl (~400 mg)

were ngeumlely welghed mto numbered teflon beakers, then .3 ml of nitric acid” were _

‘-qddid,)o enlh_samp[e which were then covered with watcl} glasses: The beakers were

h l;enled gently for 3, h, then the residue Was made up to 100 mL with wAter for. an’alysi; +
L o : P s

by chl‘micc.m Auto’ Analyzer II, (Envignmental Protection Agency, E.P.A. 1083)..
: ’ K ¢ o W

5 i . . i
fon of Nitrogen C in Cod Muscle

in (’FMAl sethylamine (DMA), and hylamie oxide (TMAO) - B

and physiological free amino Acids in cod muscle were sep'vantely determined as fcllm;vs H

) approximately 10 g or the muscle specimeny, was homogenized in 40 inL of 10% TCA

y lolunon for 30 sec uding a Polytron nz setting 8. The extract was filtered using Whatman.

No. 1 ﬁlter paper. ‘The total volume of the nlzrnte was noted Aliquots of the ﬁlmte

were taken for the follownng analyses ;.
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2.2710.'1. TMA Determination . ks
TMA in‘t;u 10% TCA extracts was_analysed using a modified form of (he' .
vmcedln‘e by D-yer [1045). as described hy Shewan et al. {1971). Appmximnle‘ly ImL of
the extm:t in’ a pyrex tube was dilyted vmh 4mL of de-ionized wnur. nil of 4%

: formaldellyde reagent, followed by 10 mL loluene and 3 mL 45% polnssmm hydroyide
solution. The tube was stoppered and shaken vmorously by hand bout 40 times. Five ¢
mL of the toluene Inyer wu plpelled mto a smnll test tube :onlnmmg nhnul 03 g
lnhydrous sodium sulphlte The tube was ‘hen gently shnkcn afew t|mes lo dry the,

! toluene One mL nllquou of thz dried toll;ene mnxlnre'w.u pnpetted into a tuvolte and l

mlL of 002% picric lcld reagent was added and this was swirled ;ently to mix. The

apsorbance was rud at 410min

sta blank carried through the procedure “One ml.
lhquots of 0 882 mg% TM.A hydrochlonde nAthrd wlutlon -were also carried lhraugh
the lbove pmcedlm of- S ) L
2.2.10,2. MO Dgtermlnltlm "

TMAO was determlned _using a mbdified l‘orm of. the procedure by Bysledl. et.al.
(1959) as described by Yamglu el -.I (1069) Appmxlmnely 2 mL of the l0°\‘1 TCA
extract” whre mixed thh 1 mL of 1% hlxnons thlorlde solution in atest lube The,

“mixture was then heated in a water bath nt Bo"C ror 1.5 min unul the redduh'vwlq\

3 colour of lltnnous ch‘onde soluuon hld fnded IWD}’ A!ter the reduman wq f nished, the *
soluuon was qmckly cooled undéf rnnnmg wner Approxlmnely 1 mL of this mlxtnre
'wu then’ used to det‘rm(ne the tolnl TMA contenl usmg the method desctibed nbove

TMAO content was given by lheﬁllbwmg equnuon )
' M

Tétgl TMA:N mg % - TMA-N mg % P 4

- TMAO:N mg %
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wh;re total Tm—N mg % is the TMA-N mg % obtained by heating the sample solution
with titanous chioride solution and TMA-N mg % is the TMA-N in the sample solution
not reduced. TMAO (18.6% N, Regenstein et al., 1982) was calculated from TMAO-N by
multiplying the latter by a factor 5.38, and TMA (23.7% N, Regenstein et al., 1082) wis

¢ o
calculated from TMA-N by multiplying the latter by af factor 4.21.

2.2.10.3. DMA Determination

DMA was determined using lhe method of Dyer and Mollnsey (1845). This involved
diluting 1 mL aliquot of 10% TCA extract (conmmng 1 ug to 8 ug DMA-] N) to 10 mL
with de—lnmzed water, To this were added 1 mL ol copper-lmmoma ‘reagent 120 g
ammonium” acetate and 02 g copper sulphlte dl;wlved in 30 mL concentrated

ammonium lzydmxnd! I" diluted to 100 mL) and 10 mL of 5% carbon disulphide solution

in benzene. The mixture was heated in a water bath at lbont 45°C for 5 min. The tubes
~

we;e’ then stoppered and shaken rapidly on & Burrel wrist action shaker (Model 75) for 5

" min. Next, 1 mil, of 30% acetic acid was added to the mixture which was shaken about

10 to 20 times until the solution was clear. The .henzene layer wis decmled. dried by

shaking with about 0.4 g anhydrous sodium sulphnte and the yellow-colour of copper
%

dimethyldithiocatb was d in the DUS spectrophotometer at 440 hm -

lpmst a blank made with de-ionized wner mstud ol the nmp(e solution. DMA (31.1%
-

N, wnstem etal, 1082) was caleulated by mulﬁplylng DMA-N by a factor 3,19,
.| o
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2.2.10.4. Physiological Free Amino Acids .
. Approximately 1 mL of the 10% TCA extract was deproteinized with 10%

sulfosalicylic acid and analysed for physiological free amino acids using a Beckman 121

MB amino acid analyzer.

2.2.11. Sensory Evaluation of Commercial Fillets

Sensory quality of commercial fish fillets (purchased from Fish Plaice, St. John's,
Newfoundland) was evaluated by a panel consisting of 20 individuals who' were not
traiued, but were familiar with the taste of cooked cod fish. The fish fillets were vacuum
paeknged and stored on ice or partially frozen for vniou“ intervals nf‘Lilv!e before
cooking and evaluation by the panelists. A'sample of the evaluation chart is provided ns
A’ppendix 2: The panelists wer; asked to evaluate baked cod fish for color, texture,

flbvor and acceptabilit$ on a 5 point scale. Aboyt 3 em® dices of white meat

ually wrapped in aluminium foil-and baked on trays at 180°C for 20 min.

‘weu ind

Analysis of variance and Student's t-test were empl;;ed to analyze the data for

statistical significance.




31

Chapter 3
Results and Discussion .
4 . L
3.1. Fn;eling Point and Thermal Hysteresis of Blo;:d Plasma and
Muscle Fluid of Ambient Sea Water Cod Fish and Cod Fish.
- Acclimated at 0°C or 10°C
The freezing points (FP) of blood plasma from fish taken from the 40,000 L ‘
aquarium at dilereit; s, oLtk year are presented in Fig. 3-1. The results indicate
thnF plasma FP wu;ﬂnimum in February (-1.11°C), the same month in which the
low..tsl ambient water temperature was observed. A similar pattern was observed for:the
the FP of the muscle fluid except that a lower value was found in March (-1.30°C) than
in- February (-l.nﬁ“C). The thermal hysteresis (TH) data presented in Fig 3-2 indicates
that TH was very low from May up to December for both plasma and muscle fluid. The
highest values for both plml?lymd muscle flnid were_ obt;ir;éd in the coldest month
(February). Table 3-1 summ’n;i;u the results of the Ff; and TH of samples derived from
WTAF or CTAF muscle (hlid The freezing point of muscle fluid from CTAF (-l.02°C); ,
was lower than that derived from WTAF (:0.90°C). "l‘nble 3-1 also indicates that the
samples derived from' CTAF showed more tl;ern’ml hvysteresls (0.40°C) than those deriveld
) from WTAF .(0.00"0), Table 3-1 also sho‘ws that dialysed mustle fluid from CTAF and I
WTAF had similar freezing points. Dialysis increased the freezing points of muscle fluid
tderived from both CTAF and WTAF. This finding indl‘cnles that dialyzable components

(< 6,000 daltons) contribute to lhe_ depression of FP of the muscle fluids.
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Figure 3-1: Freezing point of blood plasma and muscle sarcoplasm from cod at
different times of the year

Data presented in Fig. 3-1 are averages of duplicate determinations with each of four

fish.
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Figure 3-2: Thermal hysteresis of blood plasma and muscle sarcoplasm from cod
at different times and different ambient water temperatures of the year

Data presented in Fig 3-2 are averages of duplicate determinations with each of four fish.
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.
3-1: Freezing point-and thermal hysteresis of muscle fliid
from fish acclimated at 0°C or 10°C (mean values with standard
deviations
- i

Sample

Dialyzed Muscle Sarcoplasm Muscle Sarcoplasm

FP! (°C) ) " Ep? °c). ST (°C)

CTAF
. WTAF

0,07 + 001 -1.02 + 003 040 + 0.00

S 0004001 -090+002 - 0.06 + 0.00

! freezing point of dialysed muscle fluid (dialysed against-water. using 8,000 to 81000 mol.

wt. cut off dialysis membranes) ; 2 data for raw muscle fluid (undialysed). Data presented

in Table 3-1 are averages of duplicate determinations with each of four fish:

J
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3.1.1. General Discusslon : Freezing Point and Thermal Hysteresis as a
Function of Season and Temperature Acclimation
‘The study {ndicnies that the most thermal hysteresis occurred in the musele fluid

as well as the blood plasma of the fish during Februnry\the same month in which “the

e W

lowest ambient water temperature of -2°C was observed. This time of year wn}-{bout ¢

,
the same as that whenxanti glycoproteins wifl in blood plasma“of
. e
Atlantic, cod (Fletcher et al, 1982a).. According to Fletcher (1081)‘_ low * water’
temperatures do not bappear to play a role in stimulating antiffeeze production.in ihe '
. B

\winter !Iounde‘r, it might probably be the case for the Atlantic cod. Since the CTAF

ex ted TH (which is indicative of the presen;e of antifreeze glycoproteins), it is not
surp‘rising then to find parallelism in !reezi’ng poi;xt of musele fluid and blood p|asma‘.
since the two have been described to have simﬂnr‘ comp‘osition (Love, 1968). Going by

the I’indin-gs in Fig. 3-2, it may be inferred that antifreeze glycoproteins Were more or less
“absent in the‘period l'rom -July to November for both rﬁ’l‘rlnid and blood plasma.

Fletcher (1977) has also established tl]at the antifreeze glycopmtems dlsappenred l‘rom '

¢od plasma in May and June The CTAFs il gl in as d ined by TH
’ is an indication of ndnp’lauons to resist’ freezing. The disappearance of antifreeze
glycoproteins in WTAF muscle fluid is an indication of the adaptive changes, i.e. such
species (e.g. M‘Innticvcod) syn}hesizes_ these substances when it needs them in the colder
—- months, then rid themselves of it as the-habitat cempern’tu;e ‘warms up.. U:nmng"er’ "
(1978) sugges?ed simil’ adaptations in the killifish- during winter brough‘t éiﬁcut by
increased: levels of glucose. These Jevels Xiﬂmp"ped to mil{lmun{ in the summer. . The study
further indicates that these AFPs are present fello\»;ing' the death of the animal and thus
may play a role in the postmortem chan‘ges of the fish, There is no literature available
for any fish niusc!o fluid antifreeze protein nctivity.
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3.1.2. N genous C d In the Muscle of Fish

Acclimated at 0°C or 10°C

The moisture content measured for *muscle specimen® derived

appears to be slightly lower than that mensured :lor the sample l}om WTAF (Table 3-2).

" By difference, the total solids of AF (18.97%) appears to be only slightly Iugher than
tlm. of WTAF (18.1 M%) Tuble 3—2 further indicates that there appears to be more uh -
nnd hence more mineral elements - in_the samples denved from CTAF (1. 4[%) than
Lhose denvvi from WTAF (1.26%). The difference in the ash content’ could there[ore -~
|mply differences in mmenl content in the ﬁsh nmples and may pnrtly be responsible
for the observed FP depression of CTAF muscle fluid, sjnce statistical nnnlys:g indicated
significant differences in the ash contents derived from CTAF an;i WTAF at the 5%

level.
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Table 3-2: Non-ni g identified iri the muscle of cod fish
ucclimlted.nt 0°C (CTAF) or 10°C (WTAF)
) Comp&nent T 3 ) . CTAF" . F 5 WTAFI E
Moisture (%) ‘ Ty BLE £ 057
r Téul Solids! (%) 1897 + 0.23 1841 + 0.08
. Crude Ash (%) . L41 + 003" © 126+ 009°
. - N "
g Tl " Minera) Elements in mg/100 g tissue
C {0 Caleium . 1222+ 122 ©su + 024
\‘ ropper-——~ © 019+ 003 . 020t 006
" Zine ‘ T o + 001 0.40 + 0.02
Potassium | 327.52 % 25.01 287.25 + 42.43
o Magnesium . 25.33 + 1.20 + 2025 + 2.80
' | Sodium y . 8081 + 270° ’ 51284 L18®
Chloride . 1830 + 205° - 155,50 + 2.16°
=

1 By différﬁce from moisture content. Data presenfed in Table 3-2 are a've;ages of
dnpi‘icn‘te'determinniops with each of four fish. ® values in same fow were significantly

|
different (p<0.05). -

ot
T :l“‘,




3.1.2.1.'Mineral Composition of Muscle l\'on3 CTAF or WTAF
) TPQ result of the mineral composition of the ash derived from myscle samples I‘rom‘.'
both cold and warm temperniurg accli;nated fish samples were similar (Table 3-2). 'Thek
* potassium content was found to be the highest ol‘ the lot measured and this nppeared to

be hgher for CTAF (~330 mg%) than WTAP (~290 mg%). St:ustlcal nnulysls

revealed no’ i e between the jum content of the iwo samples -

(p<0.05). However, L_ere was a slgmllcnnt dlﬁereuce (P<0 05) between lhe wdmm nnd
chloride levels of the two samples nnd these dnfrerenees in sodium and chlorlde levels \1
could be due to seasonnl vannuon which w‘ould reduce the muscle fluid's FP nnd -

’ probably give some measure of lhermal proteetlon Slmllar observations in the plasma of \’ .
cod have been mnde by Eletcher (1077) and Hew et al. (|081) regardmg the sodium and
chloride levels, bemg hlghest in the coldest month and ]owest in the warmer months.

Fletcher (1981). and Fletcher et al. (1982b) has also mdncated that temperature nppcars l .
to be the major environmental factor promoting the chnnges in Nn and Cl

concentrations. Similar observmons bave ben made in studies wlth North Sea cod

(Hnrden-Jones and Schul_l}w, lﬂ14’. I d plgsma el y lyte ions_foll
acelimation to low temperature n‘bpea[s to be th‘e rule in marine fish (Umminger, lﬂfil)).r g
It is also clear t’ror'n ‘Table 3-2 that the ;nifxer\;l! analyzed dotnot i;ccf;unz for all the ash ’
derived from the fish muscles. This is probably because not all the mineral elements ihnt: ¢
make up the ash were Iooked for. For instance, both sulfur, nnd phosphcrous are known

to be pres{nt in sxgmhcnnl. amounts (~200 mg% each) in fish mnscle Aside from P und\ -
S, there are other minor elements sich as Fe, F, Mn, I, -etc. whose levels wereAnot'.

determined. .
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3.13. Cx s Identified in Cod ‘Lunle From Fish

Acclimated at 0°C or 10°C |

‘ |
/’ The influence of ncchmal.mg cod muscle at 0°C or jat 10°¢ on various nitrogenous
components in cod muscle i Is summamed in Tuble 3-3. Jrude prbtem content of muscle o
from CTAF (18 70%) was found to be hxgher than the c&ude protem content of muscle
from WTAF (18:20%). These values were “found to be st\atlstlcnlly different at the 5%

level. The crude protein values were grester than the shm of water and\salt soluble

) protein. Other sources of mtmgen in cod muscle meludl ~ 25% connective tissue

protem (Ang and Haard, 1985); some contractile muscle protem and non-prctem nitrogen .
compounds such as pepudes, TMAO and free amino acids (thtm, 1985). The (ree ammo
acid content of WTAF ‘was found to be lower than that of CTAF (Table 3-3) These
were found to be statistically dmerent at the 5% level. The' TMAG conlent of CTAF

“and WTAF (ru similar prior to storing the samples (Table 3-3)‘ These dﬁ; indicate that

" the concentration of TMAO, a major low molecular welght solute Involved with

osmoregulatmn, does not-appear to vary with temperature adap‘.)on and therefore cannot

. '\nctount for the lower freezmg oint of CTAF. The crude proten? and extractable prolem

from cod ﬁsh li d at lmblent and photop .J‘ d in February and July

were similar to that of CTAF and WTAF respectively. o ‘ ’ '

S
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Table 3-3:  Nitrogenous components identified in cod muscle! from fish )
* acclimated at 0°C ér 10°C

i Simple Crude Protein? EP°  FAA' - T TMAO
. %) - (%) - (mg?%) (mg%) -,
. CTAF ,1‘8‘.‘70 + 0.62* 1270 + 0.45° 500 +2o:~ ~ s ,,A P
WTAF 18.20 + ot 971+ 021° -340 420 _)415‘.91 R
S WF(Feb) - 1825 4 086° 1320 + 0.58¢ ND ND o b w By n
C@ TSPy 16884 050° 08T+ Gl T ND- o oo ND

! Fish muscle was less than 1 h postmortem at_0° 2

determined” by ‘multiplying

Kjeldahl N by 6.25 (includes non-protein N, gee section 2.25.); % sum of water - )

extractable and salt extractable protein; * free amino acids. Data presented in Table 3-3 ' v
s — ”

. -
: averages of d ,"/ d inations of four fish. TM.‘A() values-are &verages of
N
.- duplicate determinations fvith each of two fish: ND = not determifted. Valus with the :
5 T N PO
same superscript are sigpificagitly different (P <0.05). .
) L o . AT
—— )
) *
y / i
- .
[ .
’ p & T
o '
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3.2. Biochemical Indices of ,Cell}llar Damage During Partial Fljeezing

3.2.1. Extractable Protein (EP)

Details of th
Appendix 3 and Fig. 33. Partial freezing of, the fish samples slowed down the procgss of
protein dnmage much mbre thai ice storage, based ‘on the water and salt extract: ubll

protein values for: huth the samples denved from CTAF nnd WTAF. For mstnnce, 21

EP in the course of the storage period are presented in

days storage caded’a loss m‘ﬁ’ in the samples as follows : 15.32% in pa(tlal fmzen

_m’mples derived I’ram CTAF 18.72% in partial frozen s:mples denved from WTAF

20. 41"6 in the iced samples derived l'rolﬂ CTAF ; and 30. 18"6 in the iced samples denved

from WTAF. Values in Apn‘nx 3 I‘urther\-e\geul thnt for water soluble protem, the

md snmplns showed lesser overall dennmrahon compared to their pnmally frozen .

eounterparts However, lhe\salt extractnble protem val\les mdlcate thnt for CTAF llsh

the iced sampleg su".ered less daqnse%m and mchﬂjng ] days of -storage after which

P
mo situation reversed wnh the panmlly frozen snmples showing* Iesser dnmag‘l‘or tl;e o

rcs‘lf of the study. The salt extncluble prolem values for WTAF nlso indicate that the

" .iced samples sul‘{ered less damage up to, and including, 3 days of stotage after which the

damage ‘in the iced nmple} exceedeq that of the partially frozen samples. Previous

studies have indicated that partia‘i.ly»fn‘nen samples ufggrgo greater damage th::i
samples (Gouid A__nd Peters, 10'71L,similur to the situation observed with the~water

extractable protein in' this stuﬂ{.

L]
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e
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Figure 3-3: Changes in total extractable protein as a function of storage
time at 0°C or at -3°C

Data presented in Fig. 3-3 are averages of two experiments analyzed in quadruplicate.
Day O samples were analyzed after approximately 3 h storage at the appropriate

temperature.
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“denaturation,

3 * & -
Power et al. (1969) reported that the EP of cod fillets held at -3°C dropped rapidly
during storage to a value of 25% of the lulal EPN after 37 days storage while the

samples stored on. ice showed essentially no decreue in EPN over the storage period. A

plausible explanation may be the good temperature control (-3 + 0.1°C) of partial

freezing together with the-application of antibiotic in the present study resulted in less

:hio’qhemical dnni:{ge leading to loss of EP. Loss of extractable salt soluble protein is

normnllj attributed to denaturation and aggregaton of these proteins. In gadoid fish,

loss oI‘ EP is n.ssocmk’d with deme!hy]nkmn of TMAO to DMA and formaldehyde the

Intter appears Lo cross-lmk proteins and cause decrease in extractability. [p Atlantic cod,

! rates of glycolysls and ATP 'dephosphorylation and deamination, proce ‘which

. \
increase as pre-rigor fish muscle begins to freeze, have maximum velocities near -3°C

(Nowlan and Dyer, 1974). These reactions also lead to a decrease in protein soiubility. It

“must Hiso be pointed out that work carried out by researchers like Bramstedt (1962) and

Siebert and Schmitt (1981), have implicated endogenous fish muscl; enzymes as
causative agents of spoilage during storage. These changes in the EP values indicate that
protein nggregntion, and hence protein insolubilization occurred in all tl:e samplés. - On
nccount of the folegom;, the sevemy of the damage is presented in the followmg order :

partial IJ)zen snmples from CTAF < partial I'roze\xl samples from WTAF- < med
sn_mples from CTAF < iced samples from WTAF. . Based on the studies carried out by
previous investigators such as Dyer (mé), Dyer and Dingle (1061), Love (1966a,b), and

Cowie and Mackie (1068) the decreases in EP in the samples are indicative of protein

\
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3.2‘.1.1. Extractable Protein for Muscle Specimen with Different Pre-
treatment
The results of the study where the cod fillets were subjected to different
pretreatment are presented in Table 3-4. The slud{“summnrizvd in Table 3-4 indicates
that : (i) the sumi)les from summer (July) fish had:]ess total EP than those from' winter
+(Feb) fish, similar to the findings reported in Appendix 3. These findings are also similar
.lo previous observations made by Bramst;dl (1962), (ii) The samples from summer fish
suffered more damage than those from winter fish in all the different treatments applied;
(iii) Rapid freezing with liquid nitrogen prior to.storage at -3°C caused more damage in
the 'rgmsclz specimen® than ‘partial freezing or iced storage. An important observation
revealed here is the fact that rapidly cooling the fish mascle t6 &veey, low Lemiperatars
(that of Ii(iuid nitrogen) and then bringing the temperature up to -3°C and maintaining
samples at- this temperature (-3“’0) résulu in a drastic loss in ex‘t’ractnble pru!ein, an
indication of severe cellular damage. Ice storage appearéd to cause more denaturation of
““muscle specimen®. protein du‘ring the ten day storage period than partial freezing. The
re;ulls I'orv iced and partially frozen samples are in agreement- with those previously’

observed (A\ppendix 3).

il
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‘Table 3-4: Extractable protein from *muscle specimen*® from cod subjected to
different pretreatment (g/100g tissue) ..

Sample °  Month! Time Water  Control Salt ,Control
(day) 4 EP (%) EP (%)
lﬂ:d Feb 0 342+ 0.12 - '100.00 - 9.78 + 0.46  100.00
. 5 315+ 014 9211 053+ 048  07.44
10 313% 007 9152 9.02+ 055 9223
PF? Feb 0 343+ 030 10000 982+ 053  100.00
5 314% 019 Tusp 019+ 044 9358
10 311+ 028  90¥ 9151022  03.18
PF-LN® Feb 0 2834 022 10000 882+ 043 100.00.

5 2754014 0707 7 81I¥ 035 .0LI5
10 261+ 027 0223 74l 021 8401

Teed July 0 3.23+ 023 100.00 . 6,64 + 036 100.00

5 263+ 014 8142 652+ 023 0810y
e 10 215+ 006 6656 6.20 ¥ 021 9337

(3 . &
PF? July 0 334+ 005 10000 637+ 024 100.00
i 5 288+ 021 - 8623 5 588+ 0.4 0231
A0 2733020 8LT4 549§ 037 18519
PF-LN® July . 0 267 + 0.06 10000 6.08 + 0.28 100.00
© 5 2204 020 . 8577 ° 438% 023 7204
’ 10: 19031010 7453 -348% 030 57.24

'Montl\ ASWF was removed l‘rsm tank for nnnlysls, 4

*partially frozen samples; . o,
3 - -
samples were first rapidly frozen in liquid nitrogen, then
stored at -3°C. ¥
Data presented in Table 3-5 are averages of duphcnte determinations with .
each of four. fish.and are represengnuve of several other determinations, 5
= S} . o . v
s i



. was calculated using the equation: o
i opatio; | ™y, .Y
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These findings go to support the earlier assertion (see 3.2.1.) that ice storage
appears to cause more destnfc/ti'f; of fish, qu‘ality during storage when compared to
partial freezing. The latter pnﬁ{ therefore proves to be the method of choice Ig‘ longer
term storage of fish. This deduction is in keeping with the conclusions made by Merritt
sot al. (1966) in their studies with'fish ke bream and perch. According to Love (1968),
pre-freezing cod ‘muscle in liquid nitrogen prior to holding at -3°C resuus'in greater

protein” depaturation than slow freezing to -3°C because pre-Ireczing, unlikj slow
- g A !

ul d

freezing, causes formation of i

ice with at r
i ks

solute

8.2.2. Cell Fragility

The results of a cell fragility study are presented graphically in Figs. 3-4 & 35.
The cell fragility method' was used to evaluate differences in the toughening of the cells
Yot the cod musc& at different harvest months. The cell fragility. method is based on the
observation that the cells of cod Gadus callaris L muscle aflter freeiing become

progressively more difficult to rupture with a homogeniser as storage time increases. A

relalionship between ‘absorbance at 430, = and time during the measurement in the

spectrophotometer was found to be logarithmic and theretore initial cell fragility (CFi)
; v

-

\QCF‘ = LnCF:Bt =

. where B is a constant and t is time..By definition CF was calculated as CFI.

The highegt CF; value was observed for fish obtained in February and the lowest
,value was obtained for July fish (Figs. 3-4 & 3-5). On storage of the nmj:les for 10 days
on ice or -3°C the cell fragility values decreased (Figs. 3-4 & 3-5). The ”sulu of this

& ! -

\ . \
7 N
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analysis were quite variable and therefore the technique was not used in later studies

with tank held cod.




1.0
© 0 Time

.6 | “ 10 Days, 0°C

Jan Feb Mar Apr Hay June July Aug Sept Oot Nov Dec
1983

Figure 3-4: Cell fragility of cod muscle stored on ice as a function of time

Results are averages of duplicate measurements with each of two fish.
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“ 10 Days. —3C

Jan Feb Mar Apr HMey June July Aug Sept Oct Nov Dec
1983

Figure 3-5: Cell fragility of cod muscle stored at -3°C + 0.1asa
function of time

Results are averages of duplicate measurements with each of two fish.
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. @ .
The muscle specimens employed in these studies were ndt pre-treated with antibiotic and
thereby differ from muscle specimens used to study changes in other bioch!micnl indices.

-
T

3.2.3. TMA-N and DMA-N

The: catabolism of TMAO to TMA in icg cod aceurs in pnrnll;:l with bacterial
“proliferation. The I'indin”& that relatively little T! ia O was catabolized (Table 3-5) and
relatively little TMA was formed, even after 20 days Sorage at 0°C or :3°C, probably
B .J_eﬂmthar minor intervention. of microbial-reactio;s in *muscle ’specimeﬁ' whiéh were
“aseptically 'ex;:ise;l and treated with antibiotic (Figs. 3-1 and 3-15). Resulls of TNL(O-N,
TMA-N and DMA N are presented in Appendix 4. Haard et al. (1979) reported that the
TMA N ‘content of muscle from dressed Atlantic cod held on ice increased from ~0
- mg% to ~65 mg% after 8 days at 2°C to 4 °C. Amano and. Yamada (1965) have
reported an initial TM.AO N level of ~90 mg% that decreased gradually to ~80 g%
after 4 days storage at 0“0 to 4°C after whlch there was a more ‘rapid decrense to ~30
mg% gfter 14 days. These. workers l‘urﬂler reported that the levels of TMAO-N
* ‘fluctuated with the location of.the sample. For instance, they II)und that deep muscle

from c& had mére TMAO-N than the. surface muscle. They also reported thﬂ*

DMA-N increases gradually from ~1 mg% to ~10 mg% after 14 days, while TMA-N

‘incren.sed gradually from ~2 mg% at day 0 to,~! % after 7 days, lh)/mcreued
rapidly to ~80 mg% after 10 days. However, it is not apparent rr);(n Amano and
Yamada's (1985) report th?t precautions were taken to minifize bacterial mtervenuon,

*tewss was done in the present study. So thg mare enhanced catabolism o! TMO—N as well s
us‘ the more‘ pronounced -formation of TMA-N -or bMA-N reported. in ‘their‘ study,

compared to the findings of the present study, were probably due in part to bacterial
% )

action.
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‘Table 3-5: Content of DMA, TMA and TMAO ‘in muscle of CTAF or WTAF

.~ Sample \ Storage Time DMA Tg\ TMAO
-~ - Temp(°0) (dayses  (mg%) (m; (me%)-
CTAF o0 ol 112 219 41527
5 1.05 T ND
10 105 2.32 . ND
15 105 T 244 418.08
20 - 125 v 333 ' 383.86°
WTAF [ o! 141 232 415.61
5 145 270 : ND
10 1.35 3, ND
. 15 J s 95 418.12
20 1.98 .83 402.91*
CTAF . 3 o 135 232 41448
T 5 1.35 232 ND«
710 135 2.44 N M
. . 15 1.54 2.3 396.56
& 5 20 164 2.32 349.70°
' WTAF 3 o! 1.35 2.44 381.50
. 5 1.54 244 . ND
10 1564 , . 287 ND
15 167 . 28 383.40
20 1.67 257 3i2.36

! Approximately 1 h after storage at approprilbé temperature. The data presented in
Table 3-8 are averages of dupll'cntg determinations for each of two fish. ND = not

*‘determined. Values with the same superscript are siBhificantly different (P <0.05).




Various investigators have repovted‘ that TMAO is catabolized to DMA and
formaldehyde’ in frozen cod flesh by endogenous (non-bacterial) enzyme sys‘lems Some
workers have reported that DMA formation occurs ap a laster rate at psrtml freezing
temperatures than at hlgher or Iower temperatures and argued: that this is the result of

increued biochemical reactions due to ice damage (Gould and Peters 1971[Cutell et al.

1973, and Love and EIerimQ 1964). The present study indicates negligible levels of DMA .

formed in iced and partial- frozen cod when steps are tnken ie. aseptic sampling,
xsn'.:l)m".l;X treatment nnd vacuum packngmg, to' minimize mlt‘l’Ohlnl mterventmn during

storage. However, it should be noted tA&t the TMAO concentrutmn appeared:to decline

a little more in¢samples held at -3°C. It is not- clear why the significant amount of
TMAO lost in -3°C stored fish was: not re‘covered.a:s TMA and / or DMA. Tt is known
that the recovery of DMA by TCA extraction can-be poor under certain conditions (itu
et gj...lﬂ7i), therefore low recovery of DMA may explain the lackof stnichiume‘uy of

TMAO catabolism and TMA and DMA formation. The formation "of DMA " is

panied by imol i of formald; “.: causing more myofibrillar *

protein denaturation in snmples held at -3°C-than samples held at 0°C (Table 3-5 and

Appel\dlx 4) ) o
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.\\' . d .

3.2.4. Surface pH for 0°C and 10°C Fish »

The ;surlnce pH Eor the muscle snmplesl der)ived from WTAP“ or CTAF are
presented in Table 3-7. It is apparent from the table that the subface pH of the fish ﬁlle_t‘s
used in the exp‘ariment‘decreaﬁd only slightly or remained c’onstan! during storage. It is
apparent from this that stqring fish on ice or at -3°C (partial r\reezing) had dittle effect o;x

the surface pH values,




e s R

Table 3-8: Surface pH of fish muscle excised from fish lcchmnted at 0°C

or 10°C tank
. 3
Sample Tank Temp. (°C)  Storage Time (Days) Surface pH/ 4t
s L .
“leed © 0 . 0 . 89+02 LI
Y PR 0 L T0%00 -
. Iced. T 3 © 88+ 02
PF g e 3 6.9+ 0.1-
Iced Lo 5. & g [ 88+ g.z
PF 8 89F s
,  lced -9 5 8.8 1/0.1
PF o .89+ 0.1 ; -
o lced .3 I . 12 . . 87+ 01 A3
PF " * 12 ' 8.8+ 0.1 .
Iced - 15 8.7+ 0.2,
. PP ) y 15 88+ 0.1 .,
Iced R ) ) 18 ¢ 6.7+ 0.1, ]
PF . . 18 68 +.0.1 A i
Iced ; & . 21 v BT+ 01 -
PF . _ Tl 6.8+ 0.1°
Ieed, = 10 i 0. g 72400 | <
PF : % o, - 7T1+£00 - #
Iced o 3 7.1+°03
PF 3 71+ 02 5
Ieed 6 70+ 02 c
#PF 6 tT0+Q2 LI 4
Ieed [ 7.0+ 0.2 o o
PR g ) T B9E 0L Af
Ieed * 5 12 A0+ 01 .
PF . i2 89+ 01 4
* fced . s 15 8.9+ 0.1 &
« PF. 15 89+ 0.2 * .
Teed . ¢ 18 <7 B9t o02
PF . - w18 " 89 + 0.1 5
“Ieed i 21 ¥ 89t 0l
PF . . g 21 s 89+ 0.1 \ -
o . . 2 - |

* . * i . .
Data presented in Table 3-8 are averages of duplicate determingtions

each of lo-ilr PR

fish and are representatives of several other %elerminltiom. wog 5

s NI L v S




respecuvely (Hnrd lnd Warren, 1085)

3.2. 4 1. Genenl Dluuulo- + Surface p}l l‘or 0°C and 10°C Fllh
“‘The texture of cooked cod ‘muscle is related to the pH: (Kelly and Lxme, 1966;

Cowie and Littlé, 1066). According -to Kelly (49693,b) a low ultimate pH-(i.e.'< 6.2)

lmplles a tough lex!ur‘ Since cold storage causes further toughening, fish of low pH

N
would be expected to hecnm!even more unucepmble if kepb frozen. - It' is therel’pre

considered deslrnhle for- cod L — pH of noi-less than 6.6 or 6.7 (Kelly, 19600,b).

Cooked fish with.a pﬁ (over 7.0) can’hdve an/\;ectwnnhly slopp'y texture nng may
nclunlly be improved by cold st,omge.} M . " ' Ay
Table 3-0 indicates that the pH of the musclé samples deer‘amd shightly. during the

ol dxtys storage. penod The increase in pH u!ually?bserved wx!h fish samplad during

cold storage bis been attributed to bacterial spoilage (Nowlan et sl 1075). The pre- | °

treatment of tig *muscle i with the b icidal sgent., g t yei sul{ate,

thus suppn.:yed spoilage I;y certain bacteria and theregi prevented the pH from rising. * ‘
The slight drop in the pH of the samples derived from bot WTAF and CTAF indicates

* that there was some ion of residual le-glycogen into lactate dunug the initial

storage penod as suggested by MachIInm et al, 1967. Other mvestlptors such as o

% Cowie and thtle (1068) und Ang and glnrd (lﬂsmave demonstnled similar

poslniorlem dpps i pH%f cod mlucle Stonge ol’ cod fillets. for 21 days in vncuﬂm oy

packs'at -3°C, wnthoul hublohc trentment results in an increase of pH to 7.3 and 7.6




azs.“'_‘ 'jStu'dy-”‘ Ilular, Area . o -

The’ pamslly lrozen and iced summes from*both WTAF Khd CTAF showed similar '
inéreases in "extracellular area® during the 21 day storage period, as can be seen from

Fig. 3-8 and- Appendices®5, 6. For the iced samples derived I'mnf“CT_AF, the percent,

extracellular area ranged from 12.0% to [20.1%9 with a corresponding relative damage

(RD) of 8% to 67.28%, while samples from the WTAF stored,on icé had extracellular

area ranging from 12.8% to 22.2%, cor_responding toa l'eiacive dahag& rayg' g from 0%

to 72.34%. Love (1068c) reported that fresh 7un_|'rozewcbd had ap éxlrncell\;lnr area of

‘ K 4 | ;
.. 12.5% and prerigor-cod slowly Irozen to -29"(} bhad an extracellular ic’z'arcn of about

55% ‘A hlgher relative damnge was observed in the WTAF snmplcs that were pnrtnlly
frozen at -3"0 for 2; days (12. 82% to 63.4%) compmd to thelr counterpnru derived
Irom CTAF (5. Dﬁ% to Sﬂ’% Fig. 3-6 and Appendices 5,6).A typlcul photomicrograph of -
cod muscle pnor to smrage)s lllustrated in" Flg 37, The ex!rscellular area of such fresh
" fish is 12. Ol + 1.01% for CTAF and 12.87 + 0 ¥% !or WTAF. Partial freezing to -3°C ‘

cnused an immediate (3 h).i increase in extncelhllnr an:n, + 0. BS% fot CTAF and 1. 85"’

for WTAF (Appendlces 56). P:nml freezing caused a. dmnhuc cbihige in the

appearance of muscle, the rcell stru?ﬂure nppenred more unllorm after partial freezing

(F|g 3-8)._

he influence or ho!dmg cod for 10 days nt 0°C or at -3°C on extrncellulu\

" wreais showv‘m Appendix 5 ind Appendlx 6 and in Figs 30 and 3-10. A similar_study

was done with fish from the melenl seawater tank in July or February (Table 3-7) The.

results oMnmed.were smultr to those observed for “fish taken from tempernlure

contmlled tanks (App_endlces 5,6) in that fish from cold water.showed Iesa fiber shrii kngc \
5 P . . .

thnn fish from warm water. However, mustle }rom ASWF " formed more extracellular

area dulmg sl,onke at -3°C‘nn 8t 0°C and in this respect differed from muscle ’roﬁ
»
te;npernture acclimated fuh R

- i

-y
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Figure 3-6: Change in extracellular area as a function of storage time at
0°C or -3°C
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Data presented in Fig. 3-6 are averages of duplicate determinations with each of -
four fish. V) E ’
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Table 3-7: *Extracellular area® of fish harvested in February and
July and the influence of storage at 0°C or -3°C

’ Winter Fish
s o
Sample ‘ Day of Analysis % Extracellular Area
P :
- = : :
leed 5 . B} T 10.70 + 0.16
. ” 5 1413 + 0.42
10 1432 ¥ 0.10
PFL ) 0 1143 + 0.05
i ) 5 : 15.24 & 0.05
R ; : 10 15.84 + 0.28
- 7 - > )
.~
§ ‘ ; » ' Summer Fish
*.  Sample e Day of Analysis # % Extracellular Area -
Teed - = o . 1104 + 0.05
o 5 14.26 ¥ 0.07
\ . e 10 1796 ¥ 0.21
B Z L & s 00 13.65 +.0.38%

+ 5 - 16,60 ¥ 0.04
10, © <. 1004 %022

1pp T partially frozen samples ; data presented in Taéle 37 are ‘averages of four

o
' * inations each run ‘in dupli Values could not be computed Yor rnpldly frozen

. % samples as exph’lined in the text (3.2.5). ’ w B
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tharstorage on ice. The ’study‘indicalos that the 'damage’ increased with time ‘of storage

64

Muscle from cod held in ambient seawater tank was collected in July and February and
frozen in liquid nitrogen prior to storage at -3°C. Pretreatment of cod rpuscle by
freezing in liquid nitrogen prior to warming to -3°C and subsequent storage at -3°C

apf;eared to destroy ghe'integrity of the muscle fiber satcolemma as well as the

‘mgx’nbranes surrounding bundles of fibers (Figs. 3-11, 3-12). Because_the integrity of _

fibers and bundles was lost by this pretreatment, it was not possible to cnlc{lnle the

influence of-storage on ice area or extracellular area. It is generally found that rapid

freezing (e.g. liquid nitrogen) gives rise to a uniform &stribution of small-ice: crystals;

’ bn’th intracellular and.extracellular, and results in less cell damag® during freezing and
i N

frozen sécrage at low t'em’peralure (Fennema, 1975 :' Love lﬂﬁﬂel _Formation - of*
mf.racellular ice, by rapidly freezing md fol]owed by storage at -3°C was also found to be

undesirable by Love(('l968)

In this study, the liquid nitrogen frozen ;;mples were. warme'd to -3°C and Lhis‘
;ppeam to have caused massive disruption of cell integrity. The nppare;xl disruption. of X
sarco}ilasmic‘melﬁibmne may relate to lower salt EP values ‘of CTAF of.WTAF: It was
concluded that the rapidly ‘frozen snmp‘les suffered mor;t ds;mge and‘u’wrcfme-Lhc

procednre was dlsconhnued ; . i

3.2.6.1. Gener-l Dlscuulop Cellular Damage . ; ¥ B

~ Iced sgmples (Fig. 3-8) rros\both the CTAF and WTA.F suffered ‘more cellular

damage than -the partially  frozen muscle samples. In theory, at, least, the reverse

situation woiild be expected to prevail as the lower partjal freezing temperatures would

..
be more ducive to llular ice ion and sub cellular dehydration

-




g » ‘ 1 05

for all samples, It appears that shrinkage of muscle fibers or enlargement of extracellular
area is not.strictly dependent on cell dehydration due to extracellular ice formdtion. A

13

A significant finding of the ice sforage study is that, it is not aceurate to impute.
g

all the spaces that form in fish muscle during frozen storagl ezclusively—to ice

,;;mut(un. The literature does not indicate that any such study has been done in the
_ past. However, it is well recognized that the muscle fibers tend to shrink diring post-
rigor storage above the freezing point. The study also indicates that cod fish derived ’

s . I
I‘ron’ colder habitat, tempel;ltgres would probably suffer less cellular démnge during cold *

" storage than their couﬁterpnrlts derived from warmer habitat l,en'lper‘nt res. -
’ ’
v -
.
P & -
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The ruulh of the free drip. measurements on the }nuscle um?h.-s de,ywed from the

'CTAF or WTAF ﬁsh are px&entgd in Appendlca 7.8 and Fig. 3-13. P-rtmlly frozen '

samrla from CTAF exuded more “drip’ (0. gp"‘ to 13.77%) during the’; 21 days slonge ) . o

_period thu the corrapondmgced control sampla [6 22% to '12.22%). A similar *
‘,: observation was made in the case. o( the samplts derlved l'rom \VTAP 10.¢ 08"‘ to IE‘" :
oo
iced cQ’ltml snmples Although both WTAF and- CTAF showed‘slmllur Ixends in lhelr

free dnp fnr the, parunlly frozen samples versus B .02% to 14.77% for tlle cur_

pmentage .lree dnp, 1fter the 3 dly sbora;e penod the, lced snmplu denved from -

WIAF exhlblted more dnp (ﬂ 02%) ‘than lhelr conntzrpms denved I‘rnm CTAF .

" (6.22%), (Appendlten 7$ * Again, nﬂer 21 dlys storage; lced ;amplu dmved I'r.’l 1
~ N .WTAF exhlblted 14.70% !ree dnp wlnle their enuntll'pl:l! denved from CTAF exnded =
) . only 12. 22"5 free dnp For the pnrtlally l‘mxen samples the ones denved Jfrom CTAF
exuded 9.96% [ree drip after 3-days swrage cemplred to 10. 87"6 for O.hnse derived l‘rom
'WTAF. over the same period.-However, after 21 days storage, t@-mpl: demed from

CTAF exuded only 13 71% [re# drip in contnst to the ~18% free drip from thost derived

; .

- ‘from WTAF At ﬁrst glance}’ one might be inclined to deduce lrom lhg fore;om; t,lt the

3 “ resnlls lrom the frde dnp\study are contndictory to- the nndmp of the mn:rouopu: 35

- o euhrnuon of extracellular area. However, if one nkea mw nccount l\le prohnbnhly th:
the ;puesJonnd in the lcea samples were. not formeH by (or oceupied hy’ ice cry-lnls J

then it can be sugg:sted thnlﬂwe\xcm drip measured i m tha plrthlly &mzen umplcs

Ao .‘ was denved in’ part fmg the mellm; % “authedtic -ice crysuls' tlm brixd durmg S
e 8 pmml freezing; Free- dnp rnly ll.w be affected by chnqge n tissue pH and o h#luwr‘

whlch influence bmdlng of wnter to protein. - : ’ : -

s 8 . g N
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Fig. 3-13 L Increase in Free Drip
Storage 0 °C
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&
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Figure 3-13: Influence of storage of cod muscle at 0°C or 10°C on free
drip

Data are averages of duplicate determinations for each of four fish.
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®.2.1

1. Gener-l Discussion : Free Drip

"l‘he percenhg! drip losses observed with snmples denved from WTAF were higher, ..
ccmpured to that of the samples denved tmm CTAF The range of drip loss fon the
& ) study is. snmlar to fmdlng! made by prevmns mvesugntors For instance, in gutled cod
: Gadus marhua, lced ona vessel l‘or'.fweek or 50, Ell:s{m (l034] noted losses up ta 8%
3 while Holston’(l%ﬂ] recorded losses as high as 18%. Based oa Stroitd's (1968) rcbnrl
* that the higher the. temperatire’at Which a fish goes,uto’rigor the greatef will be the"
d;'ip Ios; on thawil}g. it v;oulfl be expected that the pre-rigor an{ples storéd on ice should
RN . exude more drip thnn those stored at the relatively lower partial freezing le‘mprrulure
' used in the study However, factors other than the pnssnge of the snmples througg, rigor
probably confributed to the drip 1oss;‘§ Because the muscles were removed from the
frames, it is Wbe expected that acute 'tlmw-rigor‘ could also contrihule to drip loss in ‘

: ) X N
.the.partially frozen muscle san’mlcs. According to Stroud (1968), when frozen 'pre-rigor
® . 3 i [y

fish _fillets are thawed, the*Mbscles are capable of rnbidly shrinking 8s s00n as lhe fce

formed within the ﬂesh d\mng storage has meltcd As 'such, the !lllels or pleces becomc

shmnkon and corw;aled and lose a larger amount of dnp
3.2.7. Physiological Free Amlno Acldl from Fish Acclimated at Different

Tempernturea »

Tnblc 3-8 summarizes the free amino acid content of *muscle specimens* derived

!rom WTAF or CTAF. WTAF contained less frec amino acids thgn CTAF and exhlb\t?
n grent:r rate of decline in free amino- acids during storage at’ 0°C or nt -3°C

(Appcndlccs 0 t0"12). The amino acid residue differing most between CII‘AF andWTAF

N unwlu was nlnninc which was pmenl at i I twice the in the—

0 -
§ formet species.

x

.
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~ . X . .
. T Table 3-8: Totdl physiological free amino acids from fish acclimated at
s 7 * 0°C and 10°C (mM) =~ * -
ce Storage 0°C Storage 3 ¥y " PF Smrége
L1 Time - '
- . . Z
7 o " CTAF WTAF CTAF % WTAF
5 0| S0874381°C 32154376 4825 4547 36.66 + 4.36
. 3 A ¥ & . N S
5 037 £436 305648 AL84$5TS .13 4 3.70
- ;. i 'd - ~
‘y- 10 4600+ 413 3134+ 400 45068 4500 30.55 + 2.40
- \ : -
;.06 4244+383  3090+374 . 4170 %565 32.20 + 2.78 /
- - Y% 30844378 23844152 43§74+ 2075 4 275
. v 3

Data pre;ented in Table 3-8 are averages-of duplicate déferminations each of

four fish: 4

L
. '
-
]
i 'q . -
'S
\
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3.2.7. l. General Dif®%:ion : Physiological Free Amllio Aclds
On the whole' the levels of free amino acids decreued with slornge, similar lo

earlier observations made. by Bramstedt (1982) nnd Shewnn nnd\.lones (1957). The

-

Iollowmg amino acids were the*most predominant : glycine, alanipe, taurine, threonine,

{iows
lysine and pmw . 4 s
~ 2
4 <) ~ N )

Amino acids are nlso responsible for the taste of rsh flesh, and Bramstedt (1962)

has demonstrated that glycine is. ially i for the ind

ual tastes of
different fish specxes Some of these amino aclds have been described as taste active (Lce
and Sung, 1977), and it is significant thaL the levels of lhese taste active amino acids
were hxgher in the CTAF than thj .WTAF. All/ﬁ\k{r thmgs being equal, one would

predxct that ‘fish from colder habitat empeulures would taste bener than thelr

Fp counterpnrts from warmer habitats. Confparison o! Appendices 9 and 11 reveals thnt the

content ol free amino acids dccre&ses more in ice storage (25.85%) than in partial

lr‘mg storage (ls‘ASS%‘ln the WTAF samples. This effect is demonstrated even more*

i g .
drastically with the free amino afid level from muscles derived from CTAF. (Appendices
& 10 vs. 12) where decrease by icc Storage was 21.689.versus 10% for partial freczing

;tornge. Uchiyama. and Kato (1974) also observed that' tree amino ncid‘a in'_cc‘ruin lish

de‘i&inz at a greater rate in fish held at 0°C than those held at -3°C. The suthors
A . * §

intdrpreted this observation to mean that less biochemical dnmﬂ&e occurs in partial
. L=

frozen fish than in iced fish. . (‘

A s . . . .
Ly .
The hixher level of %rec amino acids DfJ CTAF may be ruponsxblu for : the
eryoprotective effect as auzgcsled by S\uuwsl) According to Fletcher et al. (1982a)
N\ : )



glycoprotein antifreezes have as the basic repeating nnit a glycotripeptide of alanine-

lani ine with a disaccharid linked lo the threonine. Tllus, tlle In;her level of

‘.lmlne oburved for CTAF umplu may have been derived from lnhfreeze pratems and
may have artly respomsible for the higher TH nburved Slncdlome of the free .
amino acigs participate in ation (B: 1062), it is to be expected that

dum!i‘!nive differences will exist in fish of the same speciuucclimned to different™

temperatures. ) -~

3.3. Other Factors ) Y ) L .

.

3.3.1. Microblologieal Studies

Microbiological :ludies-indie.lte that the aseptic technique and antibiotic used

: ¢ o e
‘(genumycin sulfate), was quite elfective in minimizing microbial ‘growth (Figd 3-14,

3-15).. There was a signif cant increase of total colony‘forming ugii\ih.the ufftreated
umplu :lored on ice.during a 20 day storage period, with an aerobic total plate count
(TPC) rlngmg from 2.5 X 10% C‘U/; tissue at Day 0 to about 1.0 X 10* opsanisills/g
tissue at Dny 20. The observed changes in TPC are lower than would be_expected for
commercial ﬁsheld on -ice, based on rndmp made by Haard et‘(mo)‘ The
relll.ively low TPC of untreated muscle sp!cimen after 20 days at 0°C |s related to cabe '

in minimizing {'on ination of the sample from surface and digestive tract material and

to the eflectwen of vacuum packaging. Samples from the sate fish thnb\uupﬁ-utad

" with antibiotic prior to their m‘ge on ice lhowed less bacterfal counts ranging from 1.5

x 107 CFU/g tissue (Day 0) to aboyt § X m“ CFU/g tissue (Day 20). Partial freezing

was cffective in further mlnlml;lng bacterial proliferation.



0°C Storage
5 No antibiotic
Antibiotic

Partial Frozen
No antibiotic

O

Antibiotic

m

Log CFU / g Tissue

0 7 14 21

Days at 0 or —3°C

Figure 3-14: Total aerobic plate counts of cod muscle (CTAF) held
at 0°C

Data presented in Fig 3-14 are average values of duplicate determinations each of four

fish.
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0
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Figure 3-15: Total anaerobic plate counts of cod muscle (CTAF)
treated with antibiotic and stored at 0°C

Data presented in Fig. 3-15 are average values of duplicate determinations each of four

fish.
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The samples that were “treated with- antibiotic pl-it')r to partial freezing did not‘e;:hibit a

5 sngm[xcunt \ncrse in TPC even alter 20 days storage. The purpose of treating *muscle

speumen' wnh anulnohc in - this study was to separate the contnbuuoh Qr

mlcrobmlog-mnl metabohsm lnd prolifération l‘rom ‘that-of endugenous L

1ochem|cnl'
deteriorative. reaquons Although bacteml prohrermon was not completely arrested in.
the gentamycin treated and Vacuum packaged samples held on_ice, the above data’
supp‘om conclﬁsj}on that wicrobial intervention was minimal." The anaerobic TPC
showed ‘simi]ar‘trend to the aerobic DI‘IES. ‘The values ranged.l’r;m as low as 2-(virtually

4 ¢+ . 5
no growth) for day 0 to 5 X 1 CFU/g tissue after 20 days storage.

8:3.1.1. General D Microblologlesl Studies” ¢

‘The low bacterial count obtamed for partial trozel‘cod not treated with antlhmuc.

. for bott;,aeroBlc and aﬁaerobxc TPC suggests. that bacterial growth . was e!fcctlvek‘

retarded at ~3 + 0.1°C. However the partially frozen samples.with antibiotics exhibited
conmderahle Iow counts. The vacuum packa;mg together with-thesuse of thz anubmhc
and asepnc hnndlmg, significantly reduced growth of  both acrobic And nnneroblc

organisms. Sxmllar observations were made by Lee and Toledo (1984) for fish yacuum

- packed but untreated with antibiotics snd stored at -2°C, Power et al. (1009) also made

slmxlur observation on cod stored nt “subzero lemperatures W:th round I’mh partial .

. lreezmg at -3"0 and - 4"0 has been.used on board trawlers and lolmd to\cxund the

kenplng time for ds leng as’4 or 5 weeks nlthough hncterml &nlnge resulled ln I'
undeslrable autolytic changes as well 8s detenorntlon of the appearance nnd texture ol o
the nsh flesh (Mernu 1965;' Fnrtmunn, 1965; Power " énl, 1969; and Cnrlson et _l,
1000). Spoll_ed fish ', e.g. - cod_ fish- filletd hel,ddﬁ ice for 10.to 15 days normally will
contain 10 to‘loa CFU/g. The highest TPC ob;crved in this study were 10 CFU/g And

these A‘levul.u are comparable to TAPC for freshly harvested commercial rlgh.. '




3.3.2. Sensory Evaluation - o S g
:The results of the sensory eraluation of fish boﬁxht' from a ‘retail store are.

presented .in Table 3-17. Vacuum packaging and partial freezing were more effective

than vacuum packdging and storage in ice in.preserving the keeping quality, and hence

.

consumer (acceptability. The ‘cod fillet samples used in this study differed from those
employed for biochemicnl‘studies"ﬁkthal they were obtained from'a retail store and'giley

were _not treated"with antibiotic gentamyecin sulfate prior to storage.at 0°C or -3°C..
e 3 .

.‘_\,_ » .
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‘Table 3-9: ° Sensory evaluation of iced and partial l‘pun cod fish Tillets 2

78

7

Time . Odor  ApParance  Texture Flavor Acceptability

' : Slm;;le

162 '\ 7 462

Ieed Daj 1!
PF Day1! {6 ' 408
ITced Day 5 4.?5 435 .
PF’ Day 5 + v 4.25 4.60
v‘leed . ~ Day8 2‘65‘\' /3685
PP,  Day8 440 455
blced . Day 16 100 ) 1.00
438 -

PF Day 10 '4.33

3.60
2.85
455

1.00

4.52.

142
4.00
3.85

. 408

300

437

438

To464® ¥

120%
4.10*
4050
2.65°
440
100

-4.57* -

) not sigaificantly different (P <005).

il .

- 124 b after catch,; numbers in the same column followed by the nR}e superscript were
J- . - = .

)
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Chapter 4 = =~ . - .
. - .
. Conclusions :
4
. 4 ® .
4.1. Conclusions from Study s : -

l The freezing point of cod muscle from ﬂs arvested in February / March is
lower than that of mustle from fish harveflfed at other times of year.  Fish’
held in. tanks at 0°C or 10°C for a 3 week acclimation time also exhibited

- similar differences in freezing point as summer and winter fish. The lower
freezing. pomt of cold acclimated cod can at least partly be explained on th
basis of anynlreeze' ‘tomponents in muscle of cold adapted. fish because the
muscle fluid of samples havifg depressed freezing point exhibifed thermal :

+ hysteresis. The somewhat lower moisture content and higher frée amino acid
and ash cogtent of muscle from cold adapted fish -indicate that a higher
solute may also ib to freezing point/depression by
simple colhgntwe effects.

©

. Cod muscte: held at -3°C, under conditions where mlcroblnl mterv@{mon is =
minimal, exhibit less biochemical dsmage than cod muscle held at 0°C. This -
conclusion js lupponed by ination, low DMA [ jon, less :
depletion of free amino acids and retention of Xtractable protein, Also

““tuscle from ced acclimated to 0°C exhibits less blochemlca] damage during

storage at 0°C or -3°C than muula from cod acclimated to 10°C. The results

indicate adaptive changes iated with envi | prior to ¥ g

harvest can eqnt}'lbuw to postharvest keeping quality.” - ' . [

. Cod fillet, carefully excised from cold adapted cod and vacuum pséknged but
not treated with anubmlc{ retain better eating quahty durmg storage at -3"C
“thanat0°C... "«

o B




4.2 R;commend.uon- for Furthet Stddy

1. The identification ol’ eompo)ent(s) inl mllule fluid of Atlantic cod whlch
i to thermdl These studies should
include examination of the pomble umfreeze utmty of free amino acids like

alanine since the -alanine content was subsunmlly, In;her in musclz ﬂu\d of

cold ndlpted fish. ‘Alanine is also a
found in blood serum of j:: The interactive el’lect of aming. acids and
antifreeze proteins should be inyestigated. ~

©

. Further practical oriented studies o partial freezing of filleted and round cod
for extending the market value of this species should be investigated with a
determination of the role of intrasjecific factors such as season of hmesl.
ete. .

@

. Further studies to determine the minimum storage Wne after which the

partially frozen samples cease to be acceptable to the consumer.
-
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A.1. Appendix 1 : Diagram of cod showing region of myotomes 9 to 12
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&.2. Appendix 2 : Sensory Evaluation Score Chi.rt
", . )

Name,

Date_

Questionnalre for. Hedonic Scale
-

Evaluats the sample of cooked Atlantic mﬂ for odor,

tm',ﬂlvuf and acceptability by ticking the mm erml

Product Number. ~

|

Extor. Excellent Good Borderline '\
Odor - il oot o, St Lom of Stigntont oar -1 sy
tr=tete A A ol S,
- Rl . -
oo, cloar wite oo of gy 2 o'
Tresh loaking = algray Dotores. Beoloret”’ ey iy
1 :
'nug. sdey & tin, MY Ty i, Gigwy st Very asy. et
LR N = e
rhon usta, Wlgy g sy of o stign Song after-aste
e, SR M Nerumw;  EEmTR
- tabli et - i Vel Ltia a1 Totaly
\Aocep! g s . by e mm'nu. i A
|

Comments:
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Data_presented in Appendlx 3 are avemges of duplicate determmuuons each with

two fish. Day 0 samples were analyzed after. approxiamtely 3 h storage at the

appropriate temperature. .
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A.4. Appendix 3: Extr&:table protein from muscle of fish acclimated
at 0°C or 10°C, (in g/100 g tissue) =

Sample Tank Time Water Control  _ Salt Control
Temp.°C (day) soluble (%) soluble | (%)
Teed o 0 350+ 030 10000 920+ 0115 100.00 £y
: x X 3 350+ 006 10000 8.80 + 0.07 95.65
x x 8 310+ 015 9114 889+ 048 06.63
x x 9 319+ 013  9LI9 837+ 032 9098 .~
X x 12 3124008 80.14 7.93+ 0.03 86.20
x x 15 306+ 001 8743 ° 7.80 + 0.06 84.78
x x 18 3154 021 © 90.00 743+ 0.24 8078
x Xt 21 307+ 004 8771 7.03% 0.22: 76.4]
Teed - 10 0 315+ 007 10000 ' 6.56 + 0.14 -100.00-
X x .. 3 313+.008: 9937 641+ 010" 97.71, <
x x 6 334¥ 010 10603 550+ 001 8521 K
x % s 9 240+ 042 7905 610+ 0.27 ~ 92.99 '
x x 12 319+ 042 10127 505+ 025 76.98 .
x Cox 15 263+ 007 8349 515+ 020, 7851 -
x Cox 18 2774008 87.04 4834025 73.63 ‘
x ¥ ox 21 282+ 008 8952 3.96+7035 6037
X PFL 0 0 315+ 013 10000 7.95+ 0.40 100.00
x x 3 2903+ 007 9302 7.57+-003 9522 .
x x 6 288+ 008 0143 Td42¥ 044 93.33° i
x x 9 281+ 007 8021 7.30 + 0.43. .02.96 , :
—_—x x 12 - 285+ 007 9048 715+ 0.20- 89.94.
x x. 415 270 % 005 ' 8571 ,~'7.00 + 0.11 - 88.05-
A x % 18 278+ 021 88257 682+ 020 8579
’ X’ X 21 263+ 040 8349 677+ 021 - 8516,
PF! Ny 10 0 3.7 005 10000 634+ 0.21 '100.00 B
» x ﬂ'h X / 3 2900+ 014 -9432 572 013 9022 -
x x 6 - 308% 025 7.6 5724 007 9022
X . x 9 290+ 0.10 9148 572+ 017 9022 .
x X . 13, 280+ 012 9148 572 013 9022
N x x 15 308+ 025 0716 554+ 017 87.38 L
x x 18 - 282F 012 88906 5374034 840 - . .
X X

J21: 2734 008 8612 519+ 0.08 81.86° -




A.5. Appemlxx 4: Content of DMA-N. TMA-N and TMAO-N in

& . muscle of CTAF or WTAF
Sample Storage “Time DMA-N TMA-N - TMAO-N
' . + Temp.(°C) (days). (mg%) " (mg%) (mz"B) .
CTAF .0 o' . 035 0.52 7771
£ w Y 033 0.52 . ND
10 0.33 0.55 ND,
. 15, 033 - ' 058 77.24
iy . . .20 039 - 079 7135
CWTAF - [ o - 0.44 ‘085 ¢ T77.81
. . 045 - 64 ND |
! C042 073 “ND
« *0.45 070 ¢ 7135
. 08l . dor 74.89
| = ‘CcTAF . 3 0.30 C 085 7724 >
, . 0.42 055 - NI
\ 042 .7 058 ND
\ \ 048 . 055 . - 7375
. . 051 055. 66.00 -
% f =
WTAF M ¥ ol 042 0.58 704 .
' S 048 |, 058 ND
2 10 .o048 - D61 -/ ND
: - e : 15 © L0582 - 087’ . s
’ Y ’ 20 0,52 061 , /8807
) 3 A L
1 Approximately 1 h after storage at ropri te rature. The data d

“in Appendix 4 are sverages of duplicate determmatmns each of rmlr fish. ND = not

.determined. - . ’ te
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A™. Appendix 5: Extracellular Area present in iced and partisily

3 I . frozen (;3°C)Jnuucle from ¢od acclimated at 0°C
4 .
: Day of % Extracellular® % Rel."
: . - Analysis , Area E "Damage
' [} 1201 + 101 e
. N 3. 1370 + 020 14.07 + 167
2~ . - -
8. 14.35 + 0.15° 1048 + 1.25
~ ' :
c 9 | 1478+ 020 - 23.06\: 1687
. - e 18274 172 | 3547 4 1432
‘ i : o . a2
o e . -l‘r v 05 .18.27°+ '1.36 52.12 + 1132
x - = * . 4 N . i ‘
218 T iR0T K 0BT 5046+ 783
o I' « s 4 1 . 4
: T . 20004+ 068 . 67.28 + 556
. b & 3 [N i | i-
" % . "oy ¢
¥ . PF " . 0 12,60 + \ma 5.66 + 192
< o d N A
3 1495 + 0.05° 24,48 % 0.42
. -6 18.27 + 0.3‘0 35.47 + 2.50
" ! ; .
L4 , 9 - *16.05 + 0.07 4113 + 058
s ) - 13 1878 + 0.76 56.37 + 6.33
¥ . < T . M
- * 315 . 1802+ 103 . 50.04 + 858
bon <o i 18 '17:50 4 0.50 45.71 + 416
5 Rn 21 "18.98 + 013 58.03 + 1.08 § e
3 . 5 )

VThe e'nlculn'tion's of %RD were made relative to the extracellular area in the iced
% - 2 .- 5 v




samplu st day 0. Data pnsent&l in Appendix 5 are averages of duphuu delermm-mms

wllh each of four fish.
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" A.7. Appendix 6: Extracellular Area present in iced and partially

frozen (-3°C) 'muscle from cod acclimated at 10°C

Sample e Day of % Extracellular % Rel.”
Analysis .  Area Damage
fced 0 12.87 + 085 =
. 3 xz.wvt 0.20 070 + 155
8 : 1401 + 0.02 886 + 0.16
i 9 "15.11 £ 053 1740+ 412"
: 12 17.75 + 075 37.02 + 5.83
15 ) o 1805 £ 108 - 1025 + 8.24
; > Nt 1911 + 190 48.48 + 1476
e Ty, T 2 21 . 22.18 + 068, 7234+ 598
+ . . = ©
PF 0 ' 1452 + 052 1282+ 4
3 © 15014 004 16163 + 0.31
s 15.99 + 1.00 2494 4 777
S T 1703+ 026 3232+ 202
) 12 1832 + 041 42.35% 3.19
: s 20.80 + 0.52 s,z:;u_- 404
18 10.97 + 0.8 §5.07 + a1

21 2034028 63407 202

" “The calculations of %RD were made relative.to the extracellular area'in the iced
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samples at day 0. Data presentne’d in Appendix 6 are.averages of duplicate

determinations with each of four fish.

a
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A.8. Appendix 7: Free drip for muscles derived from fish acclimated at

0°C : )

? - E_[
Sample Time (day) % Dripl
Ieed . 9 -0
PF Negligible
Ieed 3T 622+ 153
PF ‘ ; 9.96 + 1.82

&%
Ieed S 784+ 315
PF ., 986+ 083
Ieed N " 864+ 054

PF . . ) 1013+ 073
Ieed : 18 10.78 + 2.68
PF . . }‘ : 159 ¥ 208 2
Ieed ' 15 1121 + 051
PF . 1258 % 0.65
leed . ) 18 1150 + 2.72
PF | - 1323% 205

Teed ‘ Y

o 12.22 + 101°
PF ) \ T 1377+ 195°

19% Drip was caleulated as follows : ) .

‘

S ) W. ot Drip X 100
. é.‘) K Drip = ---s---- :
: . jnl&hl wt. of tissue . . 4

Data presented in }\pﬁendix 7 are average values of duplicate ‘determinations \with each

of four fish. Values in the same row followed by same superscript were no‘t'siguiﬁnntly

different (P < 0.05).
)
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A.9. Appendix 8: Free cirip for muscles derived from fish acclimated at

‘ 10°C oo . ’ . .
Lo : ) :
| ] W
Sample . - . Time (day) % Drip!
° Ieed § [ -0
PF . Negligible
Teed b - 3= 002 + 282
/  PF . 1087 £ 0.47
L ¥ :
o Iced v 8 > 1029 + 3.00 -
! " PF . - X 1177 + 1.37
-5 +
' Iced . -7 e .. 1237+ 333 | €
i B B . 1339 + 1.61
H Ieed 12t 1422 + 244
. PF' . 5 A 15.20 + 1.37
3 Teed BT S a0 + 0.20
PF . : 1489 + 1.68
leed : ] 1451 + 050
PF ¥ 17.93 ¥ 0.12
’ 5
Teed : oo 21 ur+ 180 #
PF . - 18.00 + 0.98
Data presented.in Appendix 8 are duplicates determinations with each 6four fish.
Values in the same row followed by same superseript were significantly zjir[erenl (P < »

; 0.05).

A
t
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A.10. A dix 9: Total physi

free amino acids from iced

samples derived from fish acclimated at 10°C, in mM

Amino
Acid 0
!

Day
5 10

15

20

Ala 7.55 + 0.34
Arg 0.25 + 0.17
Asp 014 % 001
1/2Cys  0.02 + 0.01
Cys  0.05 + 0.01

Glu  0.38% 005
) GIyZ‘ 11.45 ¥ 0.18¢

His D4l+ 0.11
HO;Lys 000+ 000
HO-Pro 0.56 + 0.17

Tlew  -0.09 0.01

Leu 0.19 + 0.11
Lys ~ 215 F 0.04
Met 0.18 + 0.08
Phe * 0.12 + 0.04
Pro 0.68,+ 0.28
Ser 1.04 ¥ 0.38
Tau 4.36 + 0.84
Thr 212 % 0.08
Try 0.05 + 0.01
Try 0.14 + 0.08
Val 022 ¥ 0.08

843 4+ 0.28 * 7.28 + 0.34 761 + 0.10

020 0.00 0.19 +0.09
0.14 001 017 + 002
003 001 0.04% 000
005 + 001 0.05 + 0.02
0441 000 0.51% 0.1
1057+ 0.96 1025+ 0.12
061 + 030 0.40 + 0.09
000 ¥ 0.00 0.00 + 0.00
0.81 + 0.27- 0.45 + 0.18
0.00 ¥ 008 010+ 0.04
0.20 ¥ 008 . 0:20 + 0.08
259+ 053 217+ 078
0.15 ¥ 005 0.14 + 0.04
011 005 0.2+ 003
220 ¥ 003 157+ 0.8
1.20 ¥ 0.06 - 091 ¥ 0.23
591 ¥ 059 - 4.48 1+ 063

(2624 014 217% 081

0.05 + 0.02 ° 0.04 + 0.01
0.15 + 0.04 . 0.15 + 0.04
0.21 4+ 0.08 0.15 + 0.08

.17 + 0.15
0.13 £7°0.02
0.05 + 001
0.03 ¥ 0.00
0.63 + 0.03
1039+ 0.78
057+ 0.23
0.00 ¥ 0.00
0.67 + 0.18
0.12% 010
022+ 0.14
2271 0.78
0.14 ¥ 0.08
0.13¥ 0.08
1.87 £ 0.41
110 ¥ 0.19
2.27F 027
2.40 ¥ 0.02
0.02 ¥ 002
016 % 0.08
024 % 013

395 + 0.22
0.00 + 0.00
016 + 0.02
0.02 + 0.00
0.02 ¥ 0.00
0.42 + 0.01
574 1 033
0.19 F 0.00
0.00 + 0.00
052 + 0.17
0.13 + 0.03
0.84.+0.08

148 ¥ 011

0.16 +0.03
020.F 0.01
093+ 0.00
0,03 ¥ 0.03
6.83 ¥+ 0.33
1.96 ¥ 0.18
0.03 + 0.00
017 ¥ 0.01
026 ¥ 0.02

¥

Total . 32.15 + 3.76

36.56 + 4.85 31.34 + 4.00 3009+ 3.74

2384 £ 152

Data presented in Appendnx 9 are average values-for duphcnte determmntlons for

" each of four fish.
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A.l1, A dix 10: Total phy jological free amino acids from iced

samples derived from fish acglimated at 0°C, in mM

Amino - Day
Acid 0 5 0. 15 20.

)

Ala 1491+ 086 12.20 + 057 13.52+ 099 122+ 0.78 1193+ 0.79
Arg  001% 002 019% 015+ 0:00 0.15F 004 011 ¥ 0.08
Asp 016+ 005 016+ 000 015+ 001  014% 001 0.12% 0.00
1/2Cys* 0.02 + 000 0.02 ¥ 0.01 002+ 0.01 0.03% 0.01 0.03 +.0.00
Cys 004+ 001 005+ 000 005% 001 004%F 001 001+ 0.01 .
Glu 058+ 018 0.63% 0.16. 0.60+ 0.21. 0.64 + 0.08  0.63 % 0.15 [
Gly  1351% 022 1152+ 0.97 12.82 % 0.0 1153 ¥ 014 1112% 0.39 i
His 145°% 022 V.60 £ 004 . 1.35F 0.17 072+ 0.07 0.60 + 0.80
HO-Lys 0.00+ 0.00 0.00+ 000 0.00-% 0.00 0.00+ 0.00 0.00% 0.00
HO-Pro 051+ 0.28° 042+ 0.25 047 + 0.30 050 & 0.27 - 0.47 + 0.37
_llew 023+ 001 0231004 019+ 005 027004 0.26% 001
SLeu ' 048+ 0.10 049+ 016 0.46.F+ 0.12 - 0.51 + 0.17 . 0.52 + 0.09
Lys .~ 1081 028. 180% 0.04 1457 0.03 086 174+ 037~
Met - 034+ 000 031+ 001 032+ 001 F001- 032F 002 -
*Phe. 080+ 064 086+ 074 084+ 0.05 085+ 003 078% 0.59 -
Pro' 187} 041" 132%018 152% 023 ~1.15%0.13." L15+ 0.11,
Ser  251F 008+ L41¥ 060 198+ 028 -172 % 053 172+ 049
Tau 840+ 026 510+ 022 682+ 0.59 6.96+ 030 552 % 0.01
Thr 2763 007 232% 071 286 007 223F 004 213% 0.02
Try 006+ 000 004+ 001 005+ 000 003+ 000 003+ 000
Tyr 011+ 003 015+ 002 017+ 002 0.7 + 003 ~ 0.20 + 0.04 §
Val 048+ 009 046+ 0.13 043 % 0.08 041+ 021 0.5+ 0.08 ]

2

Total 50.87 + 3.81 40.37+ 4.36 46.00 + 4.13 42.44 + 3.83 30.84.+ 3.78

Data presented in Appendix 10 are awérages of duplicate determinations for each of

four fish.




o . "y

ical free amino acids from partially

A.12. Appendix 11: Total physi
]
frozen samples derived from fish acclimated at 10°C, in mM

: Amino Day 5
4 Acid. o 5 10 15 .20

Ala 848+ 097 7.32+ 036 646+ 034 7.28+ 090 630+ 0.30
Arg 022+ 011 0.6+ 008 024+ 009 021+ 006 018+ 0.08
Asp 013+ 001. 008+ 001 016+ 001 014+ 002 0.14+-0.01
1/2Cys 002 + 001 002+ 001 003+ 001 003+ 001 004+ 0.01
Cys . 005+ 001 004+ 000 002+ 0.00. 008+ 002 000+ 0.00
Glu' 044+ 001 059+ 0.11 052+ 0.02 056+ 004 051+ 0.
Gly  110I+ 057 -9.92+ 085 9.96+ 0.67 080+ 004  9.02+.0.34
. His . 088+ 005 0.56+ 0.17 021 + 0.03 046+ 008 0.36+ 0.03
- HO-Lys 0.00 + 0.00° 0.00 +.0.00 0.00%+.0.00 0.00 % 0.00 0.00 + 0.00
HO-Pro' 0.8 +.021 051+ 0.19 045+ 0.17 ' 052+ 028 044 ¥ 0.27
leu 010+ 008- 008+ 0.08 007+ 0.05 006+ 004 0.12% 0.03
Lew ' 019%:010 032+ 0.24 017 + 0.07 - 0.13 ¥ 0.04 . 018+ 0.09
Lys: ~ 210+ 073 198+ 0.41..222% 001 232 +.003 222+ 0.08
. Met 018+ 009 014+ 008 0.3+ 0.06 016+ 004 0.12¥ 0.03
Phe  0.10 + 0.04° 0.00 + 0.04, 0.11 + 0.02 010+ 003 0.11 + 0.00
Pro 200+ 038 185+ 013 117+ 001 096+ 026 084+ 0.01
Ser L15+ 024 '1.21% 008 088+ 030 103+ 015 120+ 028
Tau 561+ 051 640+ 017 432+ 002 574+ 013 520+ 059
Thr 264+ 003 221+ 073 182F 050 192+ 054 174+ 059
. Trp 043+ 001 033+ 001 033% 000 020+ 001 022+ 0.01
: Tyr 013+ 005 014+ 004 014+ 005 014+ 004 013+ 0.05¢
Val © 022+ 008 018+ 0.08 0.4+ 0.08 0.20+ 0.04 50.18+ 0.05

Total 36,66 + 4.36 34.13 + 3.70 20.55 + 2.40 32.20 + 2.8 20.75 + 2.75
9

Data presented in Appendix 11 are averages of duplicate determinations for each of

'fou fish. . :
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A.13. Appendix 12: Total physiological free amino acids from partially

frozen samples derived from fish acclimated at 0°C, in mM

Amino Day
Acid 0 -5 10 15

—

20

Ala 1448 £.0.39 13.18 + 0.00 13.32 + 0.08 1248 + 0.14
Arg' 017+ 008 0.16 + 0.00. 0.10 + 0.05. 0.09 + 0.09
Asp 0.15 + 0.03 T.016 + 001 0.2+ 0.02' 0.11 + 0.00
1/2Cys 0.02.+ 0.00 002 % 000 0.02+ 0.00| 0.02 + 0.00
Cys ~ 0.04+ 0.00 .002 % 0.00 0.6+ 0.00 008+ 0.02
Glu . 061% 019 081%02 05%014| 050+ 025
Gly . 13.07 + 058 '12.18 + 076 12.49 +0.76. |12.07 + 0.34
His' 131+ 074 073+ 012 128+ 0.17 | 0.68 % 0.08
HO-Lys 0.00 +:000 0.00 % 000 0.00+ 0.00 | 0.01 ¥ 0.01
HO-Pro 0.50 + 0.36  0.45 + 0.20 . 0.62 % 0.47 | 0.60 ¥ 0.31
leu 026+ 010 024+ 003 0:25% 0.01 |0.18+ 0.07

Leu’ - 0.50 + 021  0.50 ¥ 0.14. 0.47 + 0.10 | 0.45 + 0.04-

Lys . 135+ 054 161+ 076 121+ 0.48 |L74 + 0.67
Met © 038 ¥ 0.04 031 + 0.00. 0.34+ 001 |0.31+ 002
Phe : 090 073 084 + 0.68 078+ 0.62 |0.84 + 0.66
Pro - 148+ 080 142 % 011, 168+ 0.24 |1.24% 0.06
Ser  233F 019 156+ 0.66 183+ 0.36 117+ 0.14
Tau 699 £ 003 460+ 014 7.8+ 0.67 6.63+ 0.24
Thr 300+ 028 247 ¥ 0.60 254+ 0.82 2087 0.48
Trp. 004+ 001 007 +000 004+ 001 0.03% 0.01
Tyr  020% 000 0.6% 002 016+ 0.01  0.16 + 0.00
Val 047 %017 046 ¥ 0.15 0.42% 0.07 043 + 005

1301 + 0.28
0.06 + 0.08
0.18'+ 0.02
0.02 + 0.00
001 ¥ 0.01
057 + 030
1214 % 0.19
1.08 + 0.00
0.00 + 0.00
084 ¥ 054
0.18 + 004
042 + 0.08
‘131 +.0.68
027+ 0.05
077 + 0.62
191 ¥ 042
067 + 067
JI0F 055
T222 ¥ 070
001 + 0.01
0.14 ¥ 0.00
0.36 + 0.04°

Total 48.25 +.547 4184 & 575 4568+ 5.09 41.97 + 3.65

1385 + 5.24

- four ﬁsi

Data presented in Appendlx 12 are averages of dupllcnte deterntinations for each of .
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