


Flotation of the mince in brine solution showed that

the majority of the shell fragments were attached to pieces

of flesh and hence it was not possible to separate them by

differential flotation.

Mixing the mince with an equal weight of water and
centrifuging the mixture resulted in the heavier shell
fragments.being deposited at the b-iztom of the centrifuge
tube. ‘This lower portion containing the grit was easily
removed;f A batch of flesh was prepared in this way as
test maferial. Some of the lobster flavour was leached
out in the centrifuging step and the flesh texture itself
became rather tough and gritty.

This material was made into a pgté and into lobster

balls. (Table 1) While some minor shell fragments remained

in the flesh it was found that these were{neithe etectable

in the ﬁété if it was 'served on dry cracker biscuits, nor
in the lobster balls after frying where they were disguiséd
by the crisp‘fried breadcrumbs.

“Lobster fiesh can be separated from the 'spiders', however
it is not easy to obtain a product free from grit. The
problem is not so much free carapace particles, but mainly
those pieces of‘qé%aﬁace that have adhering flesh and/or
connective tissue such as arises from the joints of Ege
legs and whére they attach to the cephalothorax.

Brine flotation is mot the answer and a centrifugal

procedure appears likely to be the most successful, Such

procedures are being investigated overseas to recover flesh




from crab waste (see Torry Annual Report 1975 p.13). The
equipment involved is expensive and sophisticated.
Modifidation of this equipment and its operating
conditions may be suitable for flesh recovery from rock

lobster.

2) Separating meat from fish
This report takes the form of the attached papers

with particular attention drawn to the pre-publicatipn

g

manuscript entitled "Mechanically separated fish flesh
from Australian species - a summary of results of storage
trials".

Two further papers are in preparation.
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FISH FINGER TASTE TRIALS AT FISHEXPO '76
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SUMMARY

L e
A

During the Australian Fisheries Exposition representatives of

both the fishing industry and the general public were invited

to taste samples of fish fingers made from the mechanically

-separated flesh of four Australian species, L R

This paper tépprts the results for over 400 people who each

tasted two fish fingers made from different species of fish

o -

and answered an accompanying questionmaire.
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~ INTRODUCTI ON

The Tasmanian Food Reéearch Unit ofvthe CSIRO has been engaged in
studying em the storage properties of the mechanically separated
fisﬁ flesh of 16 Australian species, The Unit has made fish
fingers from‘tﬁis flesh as examples of typical commercial products.
The Australiaﬁ Fishexpo '76 (September 1976, Melbourne) was taken
as a uniquerﬁgportunity to survey the response of both industry and
public to four of these prodhcts; such surveys normally being out-

side the scope of the Unit. "’

The results of this survey are reported here.

MATERIALS AND METHODS

.

Fish fingers were made from the flesh of four species of fish, ocean

perch (Helicolenus papillosus), -gemfish (Rexea solandri), blue -

grenadier (Macruronus novazealandiae) and southern frostfish

(Lepidopus lex). . The blue grenadier and the gemfish were caught

by the CSIRO's FRV Courageous in Bass Strait while the ocean perch Aw
and frostfish.were‘caught off the New(South_Wales coast by the

NSW State FisheriesHFRG Kapala. Therdetails of'fish procgssing

and manufacture of the fish fingers have been given previously

(Bremmer, 1976, 1977a,b).

At Fishexpo, fish fingers were heated for 30 min. in a ple warmer
in batches - two species at a time - in as random a combination of

types as practical under the conditioms. Pairs of samples,
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identified as Y or O, were presented to each taster along with
a quéstionnaire. It was considered that conditions prevented

serving more than two samples at a time and that more than two

samples would result in less completely filled in questionnaires.

The fish fingers were often not served at their best due to the
method of heating, and the delays when there were few visitors at

the stand, which meant that some samples had tended to dry out.

Circumstances at Fishexpo prevented a rigorously designed experiment
/
iy

since’ the exhibition extended over three days and few people assessed

more than one pair of samples and for any given batch the tasters may

have been predominantly from either indusfry or public and may have

varied in their frequency of eating fish fingers: neither was each

'sample pair presented an equal number of times. In two instances,

samples Y and O were identical, the tasters being offered only blue

grenadier or frostfish. - The nature of the trials has curtailed

.

statistical analysis of the results, On the questionnaire (Appendix

1).tasteré were asked whether they were associated with the fishing

- industry (Industry tasters) or not (Public tasters); how frequently

they ate fish fingers (Frequency); how they liked the product (How
like) and how they thought the product compared with commercial fish

fingers (How comparé).
)

{

Commercial fish.fingers were not offered as a referénce. There are
a wide range of types on the market made from different fish, both

fillets and mince, andAcoated Qith a variefy of batters of differing
colour and texture, To have selected one brand would not only have

been difficult, but wrong.

|
;
3
3
|
v
|
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To enable statistical comparison of the data, scores were arbitrarily
assigned to the responses in the 'How like' questions from like very
much =1 to dislike very much =5, and in the 'How compare' question

better =1, equal =2 and poorer =3,
RESULTS AND DISCUSSION

Four hundred and twenty nine people (219 Industry and 210 Publice)
filled in the,&ﬁestionnaire suffiéiently adequately to provide usable
data. Tablenl shows the‘frequency results, There was a tendency
for Industry tasters to eat fish fingers less frequently, nevertheless

over 50% of all respondents ate fish fingérs at least occasionally

while some 10% never ate them.

The results of the 'How like' and 'How compare' answers are displayed
as bar graphs in Figures 1-3,:plotted as a percentage of the number

of answefs; the number is written beside each group. In this manner
the preferences of eaéh of the frequency categories can be noted.

The information is also shown in an alternative manner as numbers of
answers in Tables 2-6 where the aﬁswérs to the 'How like' and 'How

compare' questions are broken down into the fréquenéy of eating.

The overall results (all fish types, all tasters) contained in Fig. 1
(and Table 2) show that the tasters liked the fish fingers very much
(36%) or slightly (34%) and that 36% thought they were better than

commercial.varieties, 41% thought they were equal and 23% considered

- them poorer. The majority results were thus favourable. It is

B SO SOV [P [N - - e e e e R
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Interesting to note (Fig. 1), that those people who never eat fish
fingers show a different response pattern, with only 257 thinking
that the samples would be better than commercial varieties and 42%
saying they were worse. VWhile this group had no experience of
commercial fish fingers, it seems to indicate that their expectations
are high. Considering only the responses from the experienced

regular eaters of fish fingers, then the overall result is encouraging
il :

with/only 8% (12 people) disliking them very much and 43% liking them

very much, while in the 'How_comparef question 737 thought them equal

L

to, or better than, commercial fish fingers.

On the other hand of the 34 people who disliked the fish fingers

-very much, 12 of them regularly eat fish fingers, while a'further

seven eat fish fingers 6ccasionally. ~ It is impossible to tell
whether this result .could be expected by chance, alternatively these
people could be used to eating a style of. fish finger different to

the types presented, since as previously stated commercial fish fingers

‘vary widely in many attributes. . Using the scores assigned;’the 'How

2 . .
compare' answers are better than chance (x~ test) and as is evident

3
from Figs. 1-4, this is due mainly to the public. The industry were

more non-committal tending to rate the samples equal to commercial
ot .

fish fingers rather than considering them better, ' ..

Analysis of variance of the scdféé showed tﬁéf the public liked the
ocean perch sémples the best and'théught tﬁey;coﬁparéd moét £évourably
with commercial products; while the industry preferred the gemf igh
samples. There were n; differences between industry and public opinion

for the blue grenadier or the frostfish samples,




On the two occasions where the pair of samples presented were the
one fish species then the judgements were consistent (paired sample

t-test).
CONCLUSION

- These resuylts agree wifh those of a previous smaller survey held
/

during ANZAAS, where the tasters were mostly scientists (Bremmer,
Lewis and Quarmby, 1976b) and appear to suggest that fish flngers
made from Australian fish species are well liked and compare
favourably with‘commercial products on the market today. It is

. the role of those in the market place to consider the value of the

e et

information contained in this report.
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Table 1. Frequency of eating fish fingers

All tasters Industry Public
, ' c % % Z

iRegular A ) . 19 S17 - C 91

. v

vOc_c_aisiQna]_ e e - 43 40 . . 46

Infréquent ' 28 28 28

Never - = . . 10 15 - 5
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Table 2a. Breakdown of 'How like' preferences inre frequency of eating for the four fish finger types combined

All tasters Industry . Public
Like Like Neither . Dislike Dislike | Like Like Neither ; Dislike Dislike | Like Like Neither Dislike Dislike
Frequency very = slightly 1ike nor slightly very very  slightly 1ike nor ! slightly very very . slightly 1ike nor 8lightly very
much © dislike much much dislike ; much much dislike much
i Y .
Regular 67 42 23 12 12 30 19 13 ; 4 2 37 23 10 8 10
Occasional {147 119 51 28 7 59 61 26 {15 3 88 58 25 13 4
. !
Infrequent | 61 98 36 32 8 30 54 21 b3 4 31 44 15 19 4
Never 24 21 16 12 °= 7 17 19 12 S 7 ) 4 3 2
Total no, 299 280 126 84 34 136 153 ) 72 41 14 | 163 127 54 A 20

i

Table 2b, Breakdown of "How compare' answers into frequency of eating for the four fish;finger'types combined
) q

All tasters Industry . " . Public
Frequency ' Better Equal Poorer Better Equalij Poorer Better Equal Poorer
Regular 53 55 39 21 28 16 32, 27 - 23
Occasional 123 145- 62 - 47 3 76 74 29
Infrequent 76 92 48 31 520 29 45° 40 19
Never 14 18 23 12 11 18 2: 7 5
Total no. 266 310 172 111 162 | 96 : 155" 148 76
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Table 3a. Breakdown of 'How 1like' prxéféfeﬁéés into frequency of‘éatiﬁg. for fish fingers made from ocean perch

All tasters Industry‘ Public
S . : - ‘ : V |
Like Like Neither Dislike Dislike | Like ; Like Neither  Dislike EDisl:L_ke_ Like Like Neither Dislike Dislik
Frequency very slightly 1ike nor slightly very .very slightly- 1ike nor alightly very "N very +slightly 1ike nor slightly very
ruch dislike ’ much much dislike : much much dislike zuch
Regular 14 9 4 i 1 4 7 . 5 1 0 S 7 4 3 1 3
H I
Occasional 43 21 18 g < 2 16 10 1o ) 7 1 27 11 8 2 1
Infrequent 19 22 14 6 2 9 ( 12 . 11 2 . 1 10 10 3 4 1
‘ t : DT
Never 7 5. 5 1 4 1 & ' 4 5. 2 1 3 1 0 2 0
Total no. 83 57 41 20 : 9 36 31 27 11 4 47 26 14 9 5
e3l oz s ; Lo ‘ s o
i Table 3b. Breakdown of 'How compare' answers into frequency of eating for fish fingers made from ocean perch
* All tasters 2 ! Industry Public
v sedaen o : . ; b
! Frequency Better Equal Poorer i Better - Equal Poorer Better Equal ©Poorer
e Regular 10 13 7 4 8 2 ’ 6 5 5
‘ Occasional 30 43 14 10 23 7 ;20 20 7
Infrequent. 20 25 11 7 17 8 13 8 3
Never 5 4 s 3 3 4 2 1 1
Total no. 65 85 37 24 51 21 41 34 16

Rel




Teble 4a. Breakdown of "How like' preferences into frequency of eating fc;f.'fisﬂ,fiﬁgers made from gemfish

A1l tasters ‘ - ; . Industry , Public
: Like Like Neither Disiike Dislike tike ELike Neither Disiike Dislike | Like Like Neither Diglike  Disl{l
Frequeacy very slightly 1ike nor slightly very ‘very  slightly :.1like nor: slightly very very slightly 1ike nor slightly very
.| much dislike much much : dislike _ much\ ~ | much dislike much
" Regular 24 8 6 4 1 11 I 2 0 13 5 2 2 1
Occasional | 38 24 37 7 6T 0| ia 0 R T S R 6 2 3 0
" Infrequent. 10 22 7 9 ~ . 3 6 § 17 3 5 0 4 5 4 4 3
Never 9 4 1 2 1 |7 g Lo 1. o 2 0 0 1 1
Total no. 81 58 17 ' 21 5 38 - 42 9 11 0 43 16 8 10 5

!
K]

Table 4b, Breakdown of "How compare' aﬁéwers into frequency of eating for fish fingers made from gemfish

P .
All tasters . . Industry - Public
: Frequency . : -Befter Equal Poorer Better Eqdal Poorer Better ©Equal ©Poorer
v Regular . 15 17 8 © 6 7 5 9 10 3
i . - .
. Occasional C,27 0 33 7 - 12 19 2 15 14 5
Infrequent 12 16 - 15 -8 10 7 : 4 6 8
: . I N . ‘l'
Never 2 } 7 b 2 5 2 0 2 2
Total no. o560 73 3 28 41 16 28 32 18

- -






Table 6a. Breakdown of

'How likef preferences ;into frequency of:eating for fishffingers made from frostfish

All tasters < Industry Public
Like Like . Nefther Dislike Dislike | Like Like Neither ¢ ¥ Dislike Disiike Like Like Neither Dislike Dis14
Frequency very slightly 1ike nor slightly very very  slightly 1ike nor slightly very very slightly 1ike nor slighely ver:
much dislike much much , " dislike - o much _ | much dislike . zuct
Regular 18 16 8 4 4 6 .6 5... 1 1 12 10 3 3 3
Occasional 29 . 24 13 5 8 4 © 15 - T11 s 6 Lo 3 1 14 13 7 5 3
o ! b
Infrequent 14 17 7 i 7 = 1. 7 10 4 o 4 1 7 7 3 3 0
Never 3 7 2 g 2 2 6. 1 3 2 1 1 1 0 0
Total no, 64 64 30 22 11 30 33 16 11 5 34 31 14 11 6
E\ , ; el ' )
S , Table 6b.” Breakdown of "How compare' answers ixit'o-frequency of eating Mr fish fingers made from frostfish
o : R : i
‘I All tasters' Industry Public
I \! ' 1
v Frequency Better Equal Poorer Better - Equal Poorer Better Equal Poorer
Regular 16 20 13 e 5. 9. . .5 . 1 11 8
- Occasional . 25 26 21 1310 10 12 16 11
FeoeTi Infrequent 20 15 9.7 4 9 - 10 6. 11 5 3
Never 2 3 8 \_ 2 ¢ 1 8 0 2 0
' Total no. - 63 . 64 51 - | 29 S 30 29 34 34 22
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TASMANIAN FOOD RESEARCH UNIT
HOBART
FiISHEXPO ‘76 FISH FINGER TASTING

Please tick the appropriate box.

Are you associated with the fishing industry

Yes [:]

Do you eat fish f;ngers
[E]

L Regularly (e, g. once a fortnight) ]
' ~Occasionally (e. g. once ei)ery 2 -3 months) 1
Infrequently ( e, g. twice a year) ‘ 1
 Never E : B

You are given two samples of fish fingers identified as Y or O,

‘Please taste them separately and answer the Questioné by placing a
tick or cross in the appropriate column,

- How did you like the product . _ Y | O

. Like very much

" Like slightly

A Y L R

Neither like nor dislike

e - Dislike slightly = -

Dislike very much e _ |

How do you think the fish finger compares with commercial products

Better

iy Equal

- Poorer

If you answerkpoorer could you describe in what way this product was inferior.

e, g. too fishy, not fishy enough, too wet,. too dry, u.npleasant aroma or flavour etc,

Y

0O
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- PREFERENCES OF TASTERS WITHIN CATEGORIES

BLUE GRENADIER
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COMMONWEALTH SCIENTIFIC & INDUSTRIAL RESEARCH ORGANISATION — TASMAN!AN FOOD RESEARCH UNIT
Reprinted from FOOD TECHNOLOGY IN AUSTRALIA, Vol. 29, No. 3, March, 1977, Pages 89-93

Storage trials on the mechanically separated
flesh of three Australian mid-water fish species

1. Analytical Tests

H. ALLAN BREMNER

CSIRO Tasmanian Food Research Unit, Hobart, Tasmania

Mechanical separation gives a
greater yield of edible flesh from the
available fish catch than conven-
tional means such as filleting (Regier,
1974). Either headed and gutted fish
or frames after filleting can be used to
produce a coarse mince suitable for
incorporation directly into a variety
of products or into frozen blocks for
later processing, eg into fish
fingers.

of bacteria and novel contacts of

intracellular and extracellular com-
ponents; enzymes are also released.
The overall effect is the promotion of
a variety of reactions, bio-chemical,
physical and chemical. at rateg
greater than occur in fillets or in
whole fish. :

Marine fish contain the osmo-
regulatory compound trimethyla-
mine oxide (TMAQO) which can be

The mechanically separated flesh from the three Australian fish
species: cucumber fish (Chlorophthalmus nigripinnis), ocean perch
(Helicolenus papillosus) and spiny flathead (Hoplicthys haswelli) was
frozen stored as small blocks at-18°C and evaluated by various tests at
~ regular intervals. The results indicate that the flesh of ocean perch and
. spiny flathead does not significantly deteriorate in six months at-18°C
and would make a suitable manufacturing material. Cucumber fish
produced formaldehyde in frozen storage resulting in loss bf salt

extractable protein and water holding capacity.
recommended for frozen fish products.

lts use is not

The mechanical separators used
on fish employ the belt and drum
principle in which fish. headed and
then gutted. are crushed by a ridged
roller onto a flexible moving belt.
The belt squeezes the fish against a
perforated steel drum revolving in
the same direction but at lower
speed; the shearing action of the
sharp edges of the holes and the
simultaneous tearing action of the
belt squeezes the flesh through
holes into the drum from which it is
removed by a helical screw. Bone.
fin and skin which by contrast with
the flesh are tougher, continue with
the belt and are scraped off the
outer surface of the drum by a
doctor blade.

During the mechanical separation
the disruption of tissue integrity
allows access of oxygen, spreading

reduced by bacteria to trimethyl-
amine (TMA) (Beatty & Gibbons,
1937) and TMA levels have been
proposed as indicators of post-catch
handling before freezing (Connell,
1975). In the frozen state in some
species the TMAO is converted
enzymatically to dimethylamine
(DMA) and formaldehyde (FA)
(Amano & Yamada, 1963). The
neutral fat of frozen fish and the

"' phospholipids can be hydrolysed by

lipases and phospholipases to yield
free fatty acids (FFA) with
phospholipases generally predomi-
nating (Olley, Pirie & Watson, 1962).
These FFA are more prone to
oxidation than the parent com-
pounds, yielding malonaldehyde
(MA) as an end-product of oxi-
dation. Estimation of MA forms the
basis of the thiobarbituric acid
(TBA) test for rancidity.

1

The myofibrillar proteins actin
and myosin are soluble in salt
solutions but become insolubilised
during frozen storage due to a
variety of reactions. The major
chemical reactions implicated in the
insolubilisation of proteins are the
formation of FA, FFA and MA
(Sikorski, Olley & Kostuch, 1976).
These compounds readily react with
proteins  and alter the natural
configuration of the protein helix
by forming cross links and
hydrophobic interactions, the gen-
eral result being textural changes,
loss of water holding capacity,
poorer manufacturing properties
and development of off-flavours and
aromas, particularly where oxid-
ation is implicated.

Exploratory mid-water and deep-
water trawling in 200-400 fathoms
(366-732 m) along the continental
shelf of south eastern Australia by
the N.S.W. State Fisheries vessel

- FRV Kapala has discovered large

fish stocks (Gorman & Graham,
1975). These stocks are at present not
commercially exploited but could
provide raw material for locally

manufactured fish products such as

fish fingers which currently are either
wholly imported or made from
imported frozen fish blocks.

While many of the species caught
by mid-water trawling may be suit-
able for sale on the fresh fish mar-
ket, they are unfamiliar to the public,
olten unattractive n appearance
and hence fetch only a low price.
To a large processor many of the
species vield only a small fillet with
high wastage, and since mechanical
filleting machines cannot handle the
variety of fish shapes and sizes
which comprise the mixed catches
from mid-water trawling, the
greater yields from mechanical
separators on low-priced fish could
provide an economic situation where

-
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these species could compete
favourably with imported material,

There is no information, how-

ever, on the manufacturing charac-
teristics of the flesh or its frozen
storage properties, and apart from
some information on related species
listed in Jowett & Davies (1938) even
the basic gross composition of the
species has not been reported. A
research project was thus initiated
to supply information on the
mechanically separated flesh of
Australian mid-water species and
tloir behaviour in frozen storage.
. This paper reports experiments on
the first three species made
available by courtesy of the New
South Wales State Fisheries.

The three species of fish were
cucumber fish (Chlorophthalmus
nigripinnis), ocean perch (Heli-
colenus papillosus) and spiny flat-
head (Hoplicthys haswelli). Despite
being relatively small, cucumber
fish enjoyed some popularity over
twenty years ago but is no longer in
demand. The ocean perch s
unattractive in appearance and
because of its sharp dorsal spines
requires cautious handling, and
while of reasonable size yields only
a comparatively small fillet. Spiny
flathead has a somewhat grotesque
appearance and its double row of
spines or bony bucklers on the
lateral lines of the sides make it
extremely difficult to fillet. These
three species thus make mechanical
processing appear an attractive
proposition as an avenue to
commercial exploitation.

MATERIALS AND METHODS
Fish mince production

The fish  caught in early
December 1974 off the N.S.W.
coast by the State Fisheries vessel
FRV Kapala were sorted on board,
blast frozen (-20°C) and despatched
on landing by refrigerated transport

to the CSIRO, Hobart Laboratory

where they were held at -18°C for 6
weeks before processing. After
leaving the fish over-night in air,
thawing was completed by im-
mersing the fish in running tap
water. The fish were weighed, scaled
if necessary, headed and gutted, then
scrubbed by hand to remove the dark
belly lining (if present) and as much
remaining kidney as possible. After
washing, draining and weighing they
were held in ice before processing.

A

Figure 1. The fish-meat separator i
action, Input capacity 450 kg/hr.

The fish meat separator used was a
Japanese “Bibun” SDXI3 similar
to that described by Okada (i975)
and Figure | shows it in operation,
The separator was used with screens

having either S-mm or 10-mm
holes. The minced flesh was
collected from the separator,

blended and weighed. A+ set of
samples was packaged as a standard
pack in aluminium dishes (40 mm
deep x 100 mm wide x 130 mm
long) and placed inside coded
polyethylene pouches and frozen on
racks in an open-end wind tunnel
with solid sides set in a freezer at
-18°C, afan at one end providing the
air flow. Other samples were placed
in open polyethylene sachets which
were vacuum sealed into cans and
frozen as above. After 4 hr in the
tunnel the temperature in the centre
of the trays was -5°C and after 16 hr
it was -16°C. The samples were
stored at -18°C after 24 hr in the
tunnel,

SAMPLING OF FISH BLOCKS

A block from each batch was
tested after approximately 1, 2, 3,
4.5 and 6 months in store. It was
partially thawed overnight at 0-1°C
and then cut into approximately
200 cubes (3 cuts laterally, 7
longitudinally and 10 vertically)
which were mixed and distributed
at  random into three 200-g

portions. The first lot was further
2

divided, remixed and weighed out for
the various analyses, while the other
two were retained for taste panel
evaluation (Bremner, 1977).

ANALYTICAL METHODS

PH of the mince: a cheese electrode
fitted to a Radiometer pH Meter 29
was pressed into the thawed mince,

Moisture: oven drying over-night at
105°C of three 10-g samples.

Crude protein (N x 6.25): Kjeldahl-
Wilfarth-Gunning method.

Fat: extraction method of Hanson
& Olley (1963).

Salt extractable protein: method of
Anderson & Ravesi (1968) on three

10-g samples, extractant jonic
strength 0.8.
Perchloric acid extract: method

Mackie & Thomson (1974), three
20-g samples of flesh extracted with
0.6 M perchloric acid with the
addition of 200 mg EDTA and 200
mg propylgallate per 80 ml
solution. R

FA: method of Nash (1953) on the
perchloric acid extract.

DMA: method of Dowden (1938) on
the perchloric acid extract after
removing the acid by precipitation
and neutralisation with KOH.

TMA: on a trichloroacetic acid
extract of the flesh (Bystedt,
Swenne & Aas, 1959) by the

method of Dyer (1959) as modified
by Tozawa, Enokihara & Amano
(1971).

TMAOQO: Similarly, following red-
uction to TMA with TiCl; by the
method of Yamagata, Horimoto &
Nagaoka (1969).

Extractable malonaldehyde (TBA
value): modification of the method
of Vyncke (1970) by heating 5 ml of
perchloric acid extract with 5 m]
aqueous (.02 M thiobarbituric acid,
20 min” in boiling water bath,
cooling and reading developed
colour at 532 nm in a spectrophoto-
meter. Perchloric acid did not lead to
high or erratic blanks or recoveries
such as obtained by heating the TBA
reagent with other oxidising agents
(Tarladgis, Pearson & Dugan, 1962).

FFA: on the extracted fat by the
colorimetric method of Dowden
(1963) after removing phospholipids
by shaking in chloroform with




Table 1
Fish weight/length data, mince yields, proximate analysis of the mince and pH changes in frozen storage

Yield of mince

expressed expressed Proximate analysisb

Weight/length dataa length on whole on headed p crude

: mean weight mean range ungutted gutted screen inltial after protein  moisture fat

f Fish Vet T W em h ) (mm sEodavs (NFSE (o (%)
Cucumber 197  161-225 24.2 22-27 37.2 55.6 5 6.7 6.9 18.5 80.0 2.08
i 60.0 10 (0.2)e (0.1) (0.2)
i Ocean perch 603 375-835 28.5 25-32 33.0 58.3 10 6.6 6.5 16.3 81.6 1.21
: 772 615-920 35.0 33-38 60.0 10 (0.2) (0.2) (0.1)
Spiny flathead 436 256539 40.0 3743 34.7 61.1 5 6.5 6.5 17.0 82.1 0.50
34.7 59.0 10 (0.0) (0.1)

aData obtained on 5 ungutted samples.

. bMeans of 3-20 replicates. The analytical data for two mincings of cucumber fish, three of ocean perch and two of
spiny flathead have been combined, the replicate mincings being only a few days apart and from the same catch of

fish.
¢ S.E. in brackets. .

/
silicic acid activated beforehand for
24 hr at 120°C, the silicic acid being
removed by centrifuging 10 min at

Lovern & Jones, 1959). The TMA
levels were low, indicating good
handling practice before freezing.

‘Changes in salt-extractable pro-
tein during storage are shown in
Figure 2. The cucumber fish protein

5000 rpm to prevent high reagent Cucumber fish flesh produced large rapidly became almost totally
blanks, caused by carry-over into the amounts of FA such that after 11 inextractable in salt solution; even
colorimetric determination. months in storage 85% of the initial the water soluble sarcoplasmic

Water holding capacity (WHC):
determined centrifugally on 10 g
flesh in a weighed centrifuge tube at
20 000 rpm (50000 g) for | hr the tube
was then decanted, drained and tube
plus the fish pellet weighed.

WHC = 100 x weight of remaining
pellet/10 g.

RESULTS AND DISCUSSIONS
Yields and Analysis '

The yields of mince, pH and
proximate analysis are presented in
Table 1. The yields based on the
whole fish are similar to those
reported for some American species
(Crawford et al., 1972; Miyauchi &
Steinberg, 1970). The pH change in
cucumber fish on storage was
assumed to be due primarily to
‘formation of DMA. The spiny
flathead flesh was notably low in fat
(0.5%), this amount representing

TMAO present had been broken
down. By comparison, FA produc-
tion in the ocean perch and spiny
flathead was neglible and only 0.3%
of the initial TMAQO present was
degraded. Two further catches of
cucumber fish (ex Kapala) and two
very small Tasmanian catches
approximately 2-3 kg of juveniles
from about 50 fathoms (92 m) have
also produced FA in frozen storage;
but FA production is not a character-
iistic of many species. From the 17
‘species investigated to date the only
other to produce FA is the blue
grenadier (Macruronus novaezeal-
andiae) a whiptail of the family
Macruridae.

The FA determined in cucumber
fish decreased with time, indicating
that after an initial period the rate of
reaction of FA with the proteins
exceeded the rate of production from

proteins were insoluble, presumably
being entrained in the toughened
muscle matrix (Anderson & Ravesi
1968). The level of extractable
protein of the spiny flathead
decreased only slowly, whereas that
for ocean perch fell between the other
two species. The level of extrac-
table protein tended to fall more
rapidly with those minces pro-

SALT EXTRACTABLE PROTEIN (%)

mainly structural lipid. TMAO, a reaction which follows :, T ST
Th lytical data for two first order Kkinetics. This is in /' 5sgoswsns 1T?$45AT-1;5°%(0AY5)300
¢ analyli agreement with Babbitt, Craw-

mincings of cucumber fish, three of
ocean perch and two of spiny
flathead have been combined, the
replicate mincings being only a few
days apart and from the same catch
of fish.

The analytical results for TMAOQO,
FA and DMA are presented in Table
2. The TMAO levels reported here
are in the median range of those
reported in the literature (Love,

for & Law (1972) and Tokunaga
(1974) who also showed a decrease in
production rate in pacific hake
(Merluccius productus) and alaska
pollack (Theragra chalcogramma)
respectively, The vacuum-packed
samples contained the same levels of
FA and DMA as the corresponding
packs stored in the aluminium dishes
In oxygen-permeable polyethylene
pouches.

Figure 2. Change in salt extractable
protein of minced fish flesh during
frozen storage at -18C.

O, ® Spiny flathead; 0O, Ocean
perch; A, A Cucumber fish.

Open or closed symbols denote
values for mince produced using
10-mm  screen and 5-mm screen
respectively.




duced using the 5-mm screen rather
than the 10-mm screen; however
the inter-species difference was
far greater. At the point of catch,

fish flesh proteins are vitually
totally extractable in dilute salt
solution and the initial values

obtained here were taken as an
indication of denaturation occur-
ing in transit and during storage
before processing.

After 6 months the FFA values
for the three species were in the
range 40-45 mg/ 100 g flesh, a figure
which would be regarded as low
(Olley, Pirie & Watson, 1962; Olley,
Farmer & Stephen, 1969). TBA
values progressively decreased. For
both ocean perch‘and spiny
flathead after 300 days in store, the
TBA values of the standard pack
were exactly the same as for the
vacuum pack, namely 0.55 and 0.7
mg malonaldehyde/kg fish flesh
respectively, whereas the values for
the standard packs 4 months earlier
had been 0.7 and 1.2 mg

malonaldehyde/kg fish flesh, indi-
cating that the initially higher MA
levels were the result of oxygen
inclusion  up to and during
processing.  The malonaldehyde
became inextractable during storage
presumably due to reaction with
protein  (Buttkus, 1967). Values
determined on small samples of fresh
ocean perch have been of the order of
0.1-0.2 mg malonaldehyde/-kg flesh.
The TBA levels in cucumber fish also
decreased slightly over the period
120-300 days in store from 1.9t0 0.7
mg malonaldehyde/kg flesh. TBA
levels in fresh cucumber fish are in
the region of 0.3-0.8 mg malon-
aldehyde/kg flesh.

Loss of WHC for cucumber fish is
evident in Table 3, but this test is
obviously not sensitive since the salt
extractable protein -had already
reached its minimum long before the
WHC began to decline; nor was the
W.HC test sensitive enough to detect
achangeintheloss of salt extractable
protein in ocean perch or spiny flat-
head.

Table 2

CONCLUSION

Ocean perch should offer the best
opportunity for mechanical separa-
tion because of the yield, the quality
of its flesh and its stability in frozen
storage. The flesh of the spiny
flathead is also of good quality and is
stable in frozen storage, but yields
are low. The cucumber fish is not
stable in frozen storage, producing
FA, which explains the resultant
toughening, the loss of water holding
capacity and the rapid loss in salt
extractability.

While it would be wise not to
market products made from cu-
cumber fish, FA production may not
preclude its use since other fish of
commerce, eg atlantic cod, pacific
hake and alaska pollack, also
produce FA in frozen storage where
the problem is minimised by correct
handling, freezing and storage from
point of catch to the market place.

The mild increase in FFA and the
same decrease in TBA value for

Breakdown of trimethylamine oxide to formaldehyde and dimethylamine during storage at -18°C

Storage time (days)
54 118

Fish Determinationa ) 7 164 326
C ber TMA le/100 267
e i ) 127 o1 1717 1077 910
[6
. -(44)c (57) (90) (47) (22)
DMA 1, mole/100 g 1774 3055 2797 3565
[1606]b
(95) (196) (43) (109)
FA/DMA ratio 0.39 0.56 0.39 0.26
% TMAO converted (initially 4190 1 mole/100 g) 42 .4 72.9 66.8 85.0
Ocean TMA p mole/100 g 74 .
perch FA 1 mole/100 g 3.7 1.7 3.6 4.4 [g.g]b
(0.9) (0.3) 0.1) (0.2) (0.1)
DMA 4, mole/100 g 9.4 16.9 7.1 E’zgg .
' (0.9) (0.6) (2.2) (0.8)
FA/DMA ratio ' 0.18 0.21 0.62 0.16
% TMAO converted (initia}}y 6580 1, mole/100 g) 0.14 1 0.31
Spiny TMA 4 mole/100 g 51 ’
flathead FA g mole/100 g 0.5 . 1.2 4.3 [33.33]b
(0.1) (0.2) (0.2) (0.1)
DMA 1, mole/100 g 8.4 1.9 19.4,
[19.0]p
(0.3) (0.1) {0.7)-
FA/DMA ratio 0.14 2.26 0.17
% TMAO converted (initially 6820 1, mole/100 g) 0.12 0.28

2 Means of 36 replicates. The combined results of two m incin
spiny flathead have been combined, th
fish. .
b Values for vacuum packed samples in square brackets,
¢8.E. in curved brackets.

e replicate mincing bein

gs of cucumber fish, three of ocean perch and two of
g only a few days apart and from the same catch of




Table 3
Changes in water holding capacity during frozen storage (-18°C) of minced
fish blocks
Storage time (days)

Fish 81 85 8 13 164 326
Cucumber Meana 47.6 43.3 18.2 14.6
S.E. 2.4 1.5 3.2 1.8

Ocean perch Meana 42.2 42.5 44 .6 35.5 40.1
S.E. 1.2 1.5 2.6 1.6 0.7

Spiny flathead Meana 39.1 40.7 42.5 37.5
S.E. 3.7 1.7 2.4 0.8

a Means of at least 4 replicates.

both vacuum packed and standard
samples indicate that lipase activity,
phospholipase activity and rancidity
are not major problems during the
cold storage of these species.

Taste panel results in the fol-
lowing paper (Bremner, 1977) are
consistent with the analytical results
presented here.

ACKNOWLEDGEMENTS

The author wishes to acknow-
ledge the skilled technical assistance
of Ms A. Bendtsen and Mr A. Vail;
the valuable discussions with Dr
June Olley; and the NSW State
Fisheries for supplying the fish.

The work was supported by the
Fish Industry Research Trust
Account.

REFERENCES

Amano, K. & Yamada, K. (1963)
Bull. Jap. Soc. Sci. Fish. 29, 695.

Anderson, M. L. & Ravesi, M. (1968)
J. Fish. Res. Board Can. 25, 2059.

Babbitt, J. K., Crawford, D. J. &
Law, D. K. (1972) J. Agric. Food
Chem. 20, 1052.

Beatty, S. A. & Gibbons. N. E.(1937)
J. Biol. Bd Can. 3, 77. .

Bremner, H. A. (1977) Fd Technol.
Aust. (in press).

Buttkus, K. (1967) J. Fd Sci. 32,432.

Bystedt, J., Swenne, L. & Aas, H. W.
(1959) J. Sci. Fd Agric. 10, 301,

Connell, J. J. (1975) In Control of
Fish  Quality, Fishing News
(Books) Ltd, Surrey, England,
p.124.

Crawford, D. L., Law, D. K., Babbitt
J. K. & McGill, L. S. (1972) J. Fd
Sci. 37, 551.

Dowden, H. C. (1938) Biochem. J.
32, 455. ,

Duncombe, W. G. (1963) Biochem.
‘J. 88, 7. .

Dyer. W. J. (1959) J. Assoc. Off.
Anal. Chem. 42, 292.

Gorman T. B. & Graham, K. J.
{1975) FRV *Kapala’ Cruise Rep-
ort No. 26. NSW State Fisheries.

Hanson. S. W. F. & Olley. J. (1963)
Biochem. J. 89, 101P.

\02'

Jowett, W. G. & Davies, W.(1938) A
Chemical Study of Some Austra-
lian Fish, Aust. CSIR Pamphlet
No. 85.

Love. R. M., Lovern, J. A. & Jones.
N. R. (1959) Dept. Sci. & [nd.
Res.. FdInvest. Spec. Repr. No. 69
p. 37.

Mackie, 1. M. & Thomson. B. W,
(1974) Proc. {Vih Congr. Fd. Sci.
Technol. (Madrid).

Miyauchi, D. & Steinberg, M. (1970)
Fish. Ind. Res. 6, 165.

Nash. T. (1953) Biochem. J. 55, 416.

Okada. M. (1975) Fd Technol. Aust.
27, 24,

Olley. J.. Pirie, R. & Watson, H.
(1962) J. Sci. Fd Agric. 13, 501.

Olley. J., Farmer, J & Stephen, E.
(1969) J. Fd Technol. 4, 27.

Regier, L. W. (1974) Fd in Can. 34,
(8). 36.

Sikorski, Z. E., Olley. J. & Kostuch.
S. (1976) CRC Critical Reviews in
Food Science and Nuirition, 8,97.

Tarladgis, B. G., Pearson, A. M. &
Dugan, L. R. Jr. (1962) J. Am. Oil
Chem. Soc. 39, 34.

Tokunaga, T. (1974) Bull. Jap. Soc.
Sci. Fish. 40, 167.

Tozawa., H., Enokihara., K. &
Amano. K. (1971) In Fish Inspec-
tion and Quality Control, Ed.
Kreuzer, R.. Fishing News
{Books) Ltd., London. p.187.

Vyncke. W. (1970) Ferte. Seifen.
Anstrichm. 72, 1084,

Yamagata, M., Horimoto, K. &
Nagaoka, C. (1969) J. Fd Sci. 34,
156.




. wWere

o+

COMMONWEALTH SCIENTIFIC & INDUSTRIAL RESEARCH ORGANISATION — TASMANIAN FOOD RESEARCH UNIT
Reprinted from FOOD TECHNOLOGY IN AUSTRALIA, Vol. 29, No. 5, May, 1977, Pages 183-188

Storage trials on the mechanically separated flesh of
three Australian mid-water fish species

2. Taste panel evaluation*

H. ALLAN BREMNER

CSIRO Tasmanian Food Research Unit,

Hobart, Tasmaria

In 1974-75 over SA15m worth of

fresh and froven fish products and
$A4.5m dollars worth of fish fingers
imported inta Australia
(Anon.. 1976). Before locally caught
species can fill this demand there 1sa
need for information on the storage
properties of their ﬂesh/

This paper reports the results of
taste panel evaluation on the frozen
stored flesh of three mid-water fish
species.

fried for I min at 190-195°C. in a
vegetable o1l ("Frymasta’. Vegetable
Oils Pty Ltd., Svdnev). The fish
fingers  on trays covered with
aluminium foil were {rosen in the
wind tunnel. then 24 hr o later
packaged in polyvethylence bags and
stored on racks at -18°C. "

Taste panel assessment

The taste panel was used to
provide some information on the

The mechanically separated flesh from the three Australian mid-
water fish species cucumber fish (Chlorophthalmus nigripinnis), ocean
perch (Helicolenus papillosus) and spiny flathead (Hoplicthys
haswelli) was frozen and stored at-18°Cin the form of small blocks and
evaluated by ataste panel at regular intervals. Neither ocean perch nor
aviny flathead: deteriorated significantly in six months, whereas
cucuinber fish decreased in fish aroma and fish flavour, deveioped off-

odours and off-flavours,

toughened markedly and decgreased

considerably in acceptability. These results agree with the chemical
tests which showed that ocean perch ‘and spiny flathead would be
suitable for new frozen fish products, but that it would be more difficult
to prepare stable products from cucumber fish.

MATERIALS AND METHODS
Sample preparation

Three species of fish were used,
cucumber fish (Chloroplhithalmus
nigripinnis), ocean perch
(Helicolenus papillosus) and spiny
flathcad (Hoplicthys haswelli. The
process of mechanical separation to
produce a coarse mince, the

packaging and freezing of this mince .,

in small blocks and the sampling
procedure has been described
(Bremner. 1977). ‘Fish fingers" were
made from some of the frozen blocks
as an example of familiar frozen fish
products. Blocks were sawn into fish
finger blanks (as near a standard size
as possible. 15 mm x 25 mm x 85
mm). dipped in batter and
brcadcrumb mix (Table 1) and deep

¢ Part I The 3029, 5901977

inherent properties of each species,
such as degree of fishiness.
characteristic odour or flavour: and
to indicate whether gross change
occurred in the flesh during storage.
The panel consisted of ten members
of staff — five women, five men: it
was untrained since thorough
training was beyond the scope of this
investigation and reference samples
could not be provided, as a regular
supply of these fish is not available at
present.

Portions of the fish mince (200 g)
were heated for | hr in a stainless
stecl dish fitted with a lid. in a water
bath set at 60°C. The fish was heated
in its own juices to ncar 60°C, a
temperature reported by Kushtalov
& Saduakasov (1971) as optimal to
retain the water holding capacity of
the flesh. Solids and any juices were

7

placed in  pre-heated  glass  jars
marked with the symbols A . O, X

~and Y and presented to the panel in

random order. Fish cooked in this
manner is rather plain fare, but it is
generally accepted that taste panels
candctect subtle texture and flavour
changes more readily in plain cooked
or steamed fish than in fish which has
been dipped in batter and fried (c.f.
Dyer er al. 1964).

The design of the presentation of
the cooked minces to the taste panel
is shownin Table 2 and a summary of
the score sheet, descriptive terms
used and corresponding numerical
scores in Table 3. The panel marked
the appropriate descriptive term on
the score sheet with the sample
symbols. These were converted to
numerical scores and punched on to
data cards. Comments were freely
invited but not actively solicited.

Since each panellist had to set his
own scale of reference [or each
attribute. the statistical method of
Steel & Torrie (1960) was chosen.
The method assumed linear changes
and examined the data for each
individual panellist, calculated a
regression for each panel member for
each attribute. gave a measure of the
fit of his data to this regression, then .
compared regressions between
panellists to ascertain whether the
panel as a whole detected a changein .
the attribute with time. The criterion
suggested by Dahloff & Jul (1965)
that a change of I unit represents a
‘Just Noticeable Difference’ was
emploved in interpreting the
significance of the results.

Two batches of fish fingers were
made from cucumber fish and occan
perch blocks resp. after 18 and 180
days in store. Only one batch was
made from spiny flathead blocks
after 180 days. The first batch of fish
fingers made from cucumber fish and
ocean perch were tasted together




Table | ]
Batter mix and breadcrumb mix used for fish fingers

Batier mix
(Parts by weight)

Breadcrumb mix
(Parts by weight)

Self raising flour 93.8
Dried whole egg powder 2.0
Skim milk powder 2.0
Salt 2.0
Mono sodium glutamate _02

100.0
Water (approx.) 175.0

Self raising flour 40.0
Dried whole egg powder 10.0
Skim milk powder 2.5
Salt 1.0
Mono sodium glutamate 0.65
Breadcrumbs (white) 45.85
100.00

.

(two fish fingers x two sessions) the
day after making. The second batch
of fish fingers made from cucumber
fish and ocean perch were tasted with
the first batch of spiny flathead fish
fingers (three fish fingers x two ses-
sions) the day after making and again

after 4 months in store at -18°C.

The fish fingers were presented to
the panel on individual stainless steel
wire grids on which they had been
heated in the oven for 45 'min at

180°C. The same

marking and

scoring system was used-Hd3:for the

S e e

RESULTS

The results presented in Table 4
are a summary of the pooled data
obtained on two mincings of
cucumber fish, three mincings of
ocean perch and two mincings of
spiny flathead. The results were
combined on the basis that
differences (t-tests) between minces
made with either the 5-mm screen or
the 10-mm screen were only minor
and not of any consequence when
using the criterion of Dahloff & Jul
(1965). Analyses of variance showed

12

and afternoon replicates, and the
panel’s judgement of ocean perch
was not apparently influenced by
whether it was tested at the same
session as spiny flathead (which
softened) or cucumber fish (which
toughened).

The initially low panel mean scores
in the categories of fish aroma and
fish flavour are a true reflection of
the degree of ‘fishiness’ of the three
species. In other trials the panel has
marked the stronger flavoured
species, such as tuna and salmon
much higher.

The panel considered that
cucumber fish deteriorated markedly
in frozen storage. This species
decreased in ‘fishiness’ and its
characteristic mild, sweetish, sharp,
almost turnip-like odour which most
panellists classed as off-aroma
increased in intensity during storage.
Other off-aromas described as

cardboardy, stale and ammoniacal
developed as did off-flavours
described as sickly, flat and musty.
The texture score increased, i.e. the
flesh toughened and was described as
fibrous and rubbery, despite an
upward change in pH, the effect of
which would tend to oppose this
trend (Bosund & Beckeman, 1972).

mince. " no significant bias between morning
. Table 2
Presentation of cooked mince samples 1o the taste panel
Samples .
Processing Screen taste session Occasions and sessions

Fish date * size (mm) (No.) (No.)
Cucumber ) 5 5 Occasions over 6 month period
Cucumber (n 10 3 2 Sessions on occasions [, 4 and §
Ocean perch (2) 10 1 Session on occasions 2 and 3
Ocean perch (2) 5 —— Unsuccessful run, machine seized)
Ocean perch (3) S 5 Occasions over 6 month period
Ocean perch (3) 10 4 2 Sessions on occasions I, 4 and 5
Spiny flathead (3) S I Session on occasions 2 and 3
Spiny flathead (3) 10
Ocean perch (3) 10 .
Ocean perch I Occasion after 10 months in store

vacuum packed (3) 10 4 2 Sessions
Spiny flathead (3) 10
Spiny flathead

vacuum packed (3) 10
(1) 141775 (2) 15/175 (3) 22/1/75




Table 3

Numerical score corresponding 1o descriptive terms for each atiribute
Taste panel Fish Fish
score aroma Off-aroma favour Off-Navour Texture Moisture Acceptability
9 Very strong Very strong Very strong Very strong Tough Very wet Very good
7 Strong Strong Strong Strong Slightiy tough Wet Good
5 Moderate Moderate Moderate Moderate Preferred texture Normal moisture Moderate
3 Weak Weak Weak Weak Slightly soft Dry Poor
i Very weak None Very weak None Soft Very dry Very poor

The moisture category in Table 4
for this fish requires further
explanation. When toughened fish
flesh is chewed much of its moisture
readily escapes, leaving a dry fibrous
wad in the mouth. Some panellists
took note of the initial impression of
moisture and marked the sample wet,
others noted the dry wad and marked
the sample dry. It is thus impractical
to pool the data.

The results for ocean perch and
spiny flathead agree with the
subjective impression that neither of
these fish changed greatly in storage;
the only significant change were in
texture, where both fish were judged
to have become softer. In the case of
ocean perch, this texture was
described in the comments as floury,
powdery and granular, and for spiny
flathead as gritty, powdery, stringy

and woolly; the slow denaturation
presumably was accompanied by a
breakdown of fibre length. Olley er
al. (1969) have pointed out that
where denaturation is slow other
réactions may precede the
insolubilisation, leading in extreme
cases to sloppiness during cold
storage (Olley, Farmer & Stephen,
1967). Fish muscle is known to have -
greater catheptic activity than

Table 4
Summary of changes® detected by taste panel occurring in three species of minced

~fish® , stored as blocks over a 6 month period a1 -18°C

Fish : . Fisharoma Off-aroma Fish Flavour  Off-flavour tgj;‘ﬁﬁ;is Moisture ‘Acceptability
Decrease Increase Decrease - Increase Increase Decrease
** *E* . *%* *k* * kX LT T I
Cucumber Initial mean ¢
panel score 4.55 4.78¢ 5.13 4.26 6.91 ) : 4.80
. e " Refer i
S.E* 0.39 0.58 - 0.38 Lo Bbs te TLE2 _to V .. -0.34
Panel mean : : o text
change over . .
180 days -1.07 +2.09 -1.04 +2.36 +1.54 -2.61
Negligible Negligible Negligible
Decrease v change change _ change Decrease Increase Increase
ns * ns ns
ns ns ns
Ocean Initial mean
perch panel score 4.27 3.63 4.10 3.26 4.75 5.02 4.70
S.E. 0.23 0.35 0.21 0.27 0.32 0.30 0.20
Panel mean
change over
180 days 0.25 -0.03 0.13 0.10 -0.95 vl +0.39 +0.27
Increase Decrease Negligible Decrease Decrease . Increase Nelgligible
change change
ns ns ns ns . ns s
Spiny Initial mean . ’
flathead panel score 3.84 4.31 441 4,28 4.69 . 5.23 4,31
S.E. 0.22 0.32 0.25 0.39 0.32 0.30 0.30
Panel mean
change over
180 days +0.29 -0.26 -0.03 0.45 0.97 +0.39 +0.10 ‘

%Phe symbols ***, ** * and ns represent changes which are significant at p<0.001, p<0.01, p<<0.05 and not significant respectively,

‘Standard error of mean.

Samples presénted to the panel as cooked mince.




mammalian muscle (Siebert, 1958)
and to possess high concentrations of
enzymes responsible for proteolysis
and amino acid metabolism (Siebert
Schmitt & Bottke, 1965). More
recently Obanu, Ledward & Lawrie
(1975) have demonstrated
breakdown in the proteins of meat
flesh in the period before the over-
riding cross-linking reactions, The
state of the proteins depends on the
balance between these reactions.

The flesh of ocean perch has a
milky, slightly cabbage-like odour
and flavour. In storage some slight
musty ammoniacal overtones and a
stale bland flavour developed. Spiny
flathead has a sharp aroma and sweet
flavour, and here some slight stale
milky ammoniacal odours and stale
musty flavours developed. In neither
case did this adversely affect the
mean off-odour or off-flavour panel
score, nor the acceptability.

Analysis of variance comparing
panel results of standard pack
samples of ocean perch and spiny
flathead with their vacuurmh packed
counterparts — from the same
mincing and all stored at -18°C for
300 days — showed that the vacuum
packed spiny flathead was judged
softer.

Taste panel results on fish fingers
The results presented in Table §

show that the panel considered that
fish fingers (batch 2) from blocks of

less fish flavour and were less
acceptable than fish fingers made
from freshly processed blocks (batch
1). When these were tasted again
after storage for 120 days,
toughening was evident, but the
other deteriorative trends had not
progressed. As with the mince,
texture was described as being chewy
and rubbery. These results are an
improvement over those obtained on
the mince where the panel considered
that significant deterioration had
occurred in all categories.

The second batch of fish fingers
made from ocean perch were judged
to have less off-aroma, less off-
flavour than the original batch, be
more acceptable and be firmer in
texture in contrast to the mince. N¢'
further changes were detected on
storage of this second batch of fish
fingers.

After 120 days in store the aroma
of fish fingers made from spiny
flathead had decreased and off-
flavour increased, but these effects
were not sufficient to change overall
acceptability.

The taste panel scores for cooked
minces and fish fingers made from
blocks after comparable times of
storage listed in Table 6 show the
improvement in acceptability
obtgined by conversion of the fish
into a fish finger. The process of
battering, breading and frying masks

proves {ish texture, ascommented on
by Bramsnaes (1969). Acceptable
fish fingers can be made from other-
wise unacceptable fish: the fish
fingers made from 6-months old
blocks of cucumber fish stored for a
further four months were as
acceptable to the panel as -a
commercial brand (Bremner, 1976).

It should be noted that these trials
were conducted on fish that had
already been frozen and stored some
six weeks before processing, and the
results could only but improve if
fresh unfrozen fish were used. It
remains also to be seen whether other
catches of the same fish at different
seasons or from different grounds
show the same properties.

Follow-up work on these three
species to ascertain the affect of
various treatments on their storage
properties is being done. Further
work isalso well underway on several
other species.

CONCLUSION

The taste panel detected storage
changes in accordance with the
findings of the previous analytical
tests (Bremner, 1977). Formaldehyde
production by cucumber fish flesh
explains the increase in toughness
detected by the panel; although the
mince deteriorated, this deteriora-
tion could be masked when fish
fingers were made from it. The

cucumber fish had less fish aroma, off-aromas and off-flavours and im-  Previous conclusion based on
Tahle 5
Mean 1aste panel scores for fish fingers compared by analysis of variance
Storage
(-18°C) as Storage Texture
minced (-18"C) as Fish Fish (tough- Accepta-
Batch block fish fingers aroma Off-aroma flavour Off-flavour ness) Moisture bility
Fish (No.) (days) (days) (score) (score) (score) (score) (score) (score) (score)
1 18 2 4.80° 3.48 5.64 3.46 5.84 3.7¢6" 5.27
Cucumber 2 180 2 57 3.63 4.43 3.62' 6.23 4.01° 4.3°
2 180 120 4.26" 3.24 4.69° 4.00' Y1719 3.85* 4.63*
S.E. 0.27 0.27 0.25 0.33 0.24 0.29 0.21
D.F. 13 12 13 9 . 14 12 14
! 18 2 4.35° . 4.711* 3.52° 3.95 5.05 4.80°
Ocean 2 180 2 361 2.63" 4.43 1.88 4.77° 5.10° 6.24"
perch 2 180 120 0 2.59" 5.05* 2.42° 5.21° 4.99* 6.47°
S.E* 0.24 0.15 0.33 0.33 ~ 0.15 0.12 0.19
D.F.** 13 9 13 11 14 Il 13
1 180 2 3.60* 1.90* 4.40" 1.60* 4.10° 4.50° 5.35
Spiny ] . 180 120 315" 2.50" 4.05* 2.65" 4.30° 4.40° 5.60"
flathead S.E. 0.12 0.21 0.14 0.14 0.15 0.10 0.16
D.F. 9 9 9 9 9 9 9

* S.E. Standard error of mean
** D.F. Degrees of Freedom

** Vatues followed by same superscript not significantly different (p<<0.05) for each attribute of each fish.
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Taste panel results on cooked minces and fish fingers

Table 6

R AL 1 Biai

macde from comparable blocks stored for 180 days at -18°C

Fish aroma

Off-aroma Fish flavour Off-flavour Texture Muoisture Acceptability

Fish (score) {score) {score) {score) {score) (score) {score)
Cucumber Mince’ 348 6.87 4.09 6.62 8.45 2.19

Fish fingers 3.57 363 4.43 - 362 6.23 4.3
Ocean perch Mince* 4.05 3.60 4.23 316 3.80 5.41 497

Fish fingers 3.6l 2.63 4.4} 1.88 4.77 510 6.24
Spiny flathead Mince® 413 4.05 4.38 3183 in 562 4.44

Fish fingers 3.60 1.90 4.40 160 é.10 4.50 5.35
' Calculated from Table 4
analytical data that ocean perch and REFERENCES Intosh, R. G. & Myer, M. (1964)

spinyflathead flesh would be suitable
for new frozen fish products has been
confirmed. Cucumber fish would
require pre-treatment and demand
careful handling in the frozen food
chain before it could be used to
produce stable products.
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Taste panel assessment of textural properties of

fish minces from Australian species
H. ALLAN BREMNER®, G.M. LASLETT' Axp JUNE OLLEY”

A .
Summary

The relationship between taste panel scores for
texture (toughness) and moisture (succulence),
flesh pH and salt extractable protein for sixteen
Australian species of fish has been investigated
using an approach outlined by Cowie & Little

(1966; 1967) for frozen stored cocd.

By graphing their data, Cowie & Little (1967)
showed that a lirfde could be drawﬁ which divided
the results inté those samples with soft flesh
and those. samples with tough flesh: Remarkably, '
this dividing line was found to fit the present
data accumulated in the course of a series of
experiments on frozen stored mincedvfish flesh.

This approach ewmphasises the underlying
relationship of texture with pH and salt extract-

able protein.

address: CSIRO Divisicn of Food Research, Tasmanian Food
Research Unit” and CSIRO Division of Mathematics &
Statistics+, Tasmanian Regional Laboratory,
Hobart, Tasmania, 7000.




Introduction

An investigation into the prﬁperties of the separated flesh cf a wide
variety of Australian fish species (Bremmer, 1977a) afforded a unique' -
opportunity to examine the resulting data for underlying relationships
between texture, moisture as measured by taste panel, pH, and salt
extractable protein.

Cowie & Little (1966) employed a texture-moisture matrix in their
taste panel work on frozen stored cod and established the importance of
the relationship between muscle pH and toughness. They also showed
(Cowie & Littie, 1967) that a dividing line could be drawn between the
taste panel results obtained on tough ccoked cod fillets of>low pH
and/cr protein extractability and softer fillets of high pH and/or
greater protein extractabiiity. Bosund & Beckeman (1972) repérted a
strong negative correlation between toughness and pH for cod‘spored at
~30°C. This cérrelation still held at —IOOC9 but was lessened by other
factors which overrode the pH effect at the‘higher temperature; for
example, ccd forms formaldeé&de during cold storage at higher temper-
atuTQStandrthis:iﬁiﬁurnileads tu-the -denaturation or‘inextraetability cf
mycfibrillar proteins in salt soluticns (Sikorski, Olley & Kostuch,
1976); N . H

The present stﬁdy extends the approach outlined by Cowie & Little
(19663 1967) and demdnstrates the remarkable fact that their concent of
a dividing line betweeq”tough and soft cod fillets, applies to the

a2

stored minces and fish fingers made from sixteen different Australien

species of fish.‘ Using the parameters pH and salt extractable proteiﬁ,
46% of the variance was accounted for; the further incorporation of
meisture (taste panel) increased the explanation of the variability to
71%. |

In view of the importance of the underlying concepts, it seems

vorthwnile to describe the data in detail,
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Materials and methods | .
The preparation of the comminuted fish minces, the frozen blocks and the
fish fingers have been described previcusly, together with the'sampling
and analytical metheds (Bremner, 1977a; 1977b). The compocsition of the
untrained taste pangl (10 members) and the preparation, presentation of
the samples'in two sessions - morning and afternoon - after each storacge
pericd, and the scoring system have also been reported (Bremmer, 1977c).
Inextg;ctable protein was calculated as total protein (N x 6.25,
'Kjeldahl) minus the extractable protein determined by the biuret method. .
The symbols for the different species and their common and Latin
names are éhown in Table 1.
The data foryfish fingers is restricted to those which had been
iffeshly‘preﬁaredﬁ, alfhoughAthe miﬁée froﬁ ﬁhich they were made had
often‘been stored for congiderable periods.

The faste panellists were required to. score the cogked minces and

. fish fingers for texture, moisture, and acceptability on a nine point

scale: from very scft (1) to very tough (9) énd from very dry (1) to
very wet (9), with 5 as preferred texture and normal moisture (Bremner, \ %
1977¢). Cowie & Little (1966) used a similar but less extended scoring
system.

"

The discrepancy‘in numbers of samples mentionedAin the text is due

" to the lack of cémplete data on some samples.

Results and discussion
Texture-moisture matrix ‘
Taste panel means (2 sessiong x 10 tasters) have been employed N,
throuéhdﬁt. The texture—méisture results for each individual fish are

disp1ayed as a matrir in Fig.l 1d~nti££ed by th. symbo‘s in T~b1e 1
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Attention is drawn to those species which were judged to have a soft
texture even though their moisture was judged normal, i.e. nannygai,

shark and silver trevally.

The Cowie & Little line

Taste péﬁel tééture scores are shown in Fig. 2 plotted with pH and
protein extractability % (g extragtable protein/100g total protein) as
ordinates ;Yo provide a comparison with Fig. 5 in the paper by Cowie &
Little (1967), however in the present case, nonprotein nitrogen was not
determined and hence the protein extractability values are erroneously
low by a small amount. The Cowie and Little dividing line:is drawn on
the fiéure as a solid line where it extends over the range pf pH and
protein extfactability enconpassed by their data. The presént resulté
embrace a wider range, and the line can be seen to fit, such that it

misclassified only cne point on the basis that texture scores below 4.0

a~dcer softt addogbover 650 are tough.

It is also worth noting that while Cowie and Lititle (1967) used a &

point texture scale they reported only two results which were below 2

(marginaily)o fheir line drawn using a paﬁel mean texture score.of 3 1is
then at the mid point of their data set and this accords with a score of
5 in the ﬁresent wo?ku

Despite the fact that the total protein (N x 6;25)‘content of the
flesh of the various species ranged frcm 227 (tuna) to 15.3% (oceép'
perch), the extractable protein and the percenﬁage extractable protein,
having a.correlation' coefficient of 0.98, were almcsf of equal value in

predicting the texture score, accounting for 31 to 38% of the variance.

N
-

Therefore the data is displayed in alternate form in Fig. 3 with pH and

extracteble protein (g extractable protein/100g mince) as ordinates to

: - N e . --
e [ - D . O St S MR RPN
R AT LU A PENIRU S = ameta, ) T . - . R R A
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show the general applicability of the concept, since extractable protein
is more commonly and more readily determined than percentage protein
extractability. In this case the line has been fitted by eye. It
misclassified only one point using the criteria that scores below 4.0
are soft and those above 6.0 are tough.

It is‘évident from both Figs. 2 & 3 that the nannygai, for exemple,
are softe%/than would be expected from their pH and extractable, protein
levels; g;en so, they are still on the appropriate side of the Cowie
and Little dividing line. The data for fish fingers has not been shown .
graphically because the smaller number of tastings provided less data
for plotting, and the presentation to the panel of the fish mince in
this breaded and battered form resulted in fewer texture scﬁres above 5

(c.f. Bremner, 1977c).  However, the Cowie and Little line, again

separated the tough from.the soft fish fingers.

Robustnees, o the dividing lines

There is no suitable objective statistical method of drawing div-
iding lines for a continuum of data éuch aé.preséntéd here. - The nearest
accordant method is that of discriminant analysis and this first ve-
quires an arbitrary judgement on the criteria for misclassification.
Applicaticn of disgfiminant analysis to the data in Fig. 2 resulted in a
‘family' of dividing lines depending on which criteria.were chosers
none performed better than the Cowie and Little line on the basisjof
misclassifying goft: samples (below 4.0) and tdugh samples {above 6.0).

Likewise in the case of Fig. 3 othervlineé could probably be drawn;
since, it is unusual to encounter fish samples with a pH much greater
than 7 that are not spoilt, the Yine drawn seems the most suitable.

Data from previocus experiments on three Australian epeciles (Bremmer,

L 1977b;c) vere eloo found to be fn accord with the chie end Little 1ine_
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(Fig. 2), except in those few cases where samples softened with storage,
probably due to catheptic activity. Further experimental results on six
tropical Malaysian species are also discriminated by the line (one out
of six points misclassified). The results from these earlier (three)
and latter (six) species were consistent with the texture~mcisture
matrix.

Shaw and Botta (1977) expressed surprise at the good textural
properties{of capelin (Mallotus villosus) stored at -23°C for u; to two

years, however, this is readily explained in terms of this present

concept, in that their pH was high (range 7.2 to 6.7) and their extract-

able prctein did not decrease sufficiently to place them below the Cowie

and Little line.

Relationship between variables

The correlation coefficients relating texture scores with pH,

protein extractability and moisture for the fish minces are shown in

Table 2: wvalues for fish fingers, based on smaller numbers of samples,
are shown for comparison. Multiple linear regression analysis sheowed

that pH and extractable protein could account for 46% of the variance in

the minces. Inextractable protein.was highly negatively correlated with

extractable protein and proved to be of almost equal value in accounting
i

. % ,
for the variance. ' Incorporation of taste panel moisture scores as &

sensory weasurement of water holding capacity - influénced by both pH

a¥

and protein extractability (Hamm, 1960) = increased the variance accounted

for to 71%. This suggests that an experimental variable related to

* Percentage variance accounted for = 100 (1l - cezlcyz), where oy? is
the variance of the texture scores and ce2 is the mean square
residual error after fitting a regression model. An Analysis of
Variance on the irdividual texture scores deronstrated that the

- maximm possible percentage variance of the c=an texture gcores which

“could be geccrnted for was 9348 randcm'(cz:gnﬁrolled) varistion .
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water holding capacity would be valuable in conjunction with pH and selt
extractable protein - as a predictor of texture.

Tnclusion of sample identity, as & variable, raised the 'variance
accounted for' to 90%. Although this figure js irrelevant as an in-
dicatcr of accuracy when attempting toO predict the texture of untried
species, the analysis indicated that the soft samples, with normal
moisture (Fig. 1), are most responsible for introducing the variability.

It ié:impossible to ascertain whether a better correlation exists
for ome species, cod, than for the variety of species reported on here,
since Cowie and Little (1967) did not include texture scorgs On their

figure; neither did they make use of their texture-moisture matrix, as

an aid to explaining the variability in their results.

Robusfnésé of the relationship

A number of common sourceé of variebility in raw material is taken
into -account "in the velationship. Variasbles such as seasol, feed,
‘fishing gzound céféh{ﬁg”éﬁd”ﬁéﬁﬂling77 chittques * igth-oarfecic either pH o1
level of ‘salt extractable protein, OT both., These in turn affect water
hoiding capacity - measured here sensorily as tasté panel moisture.

Moredver, where fish continue ‘to toughen\éven after their level cf
salt extractable protein has dropped almost to sero (Connell, 1968)
then, this ©o00; gs reflected in the streng negative correlation (Table
©2) berween texture and taste panel moisture, iﬁplyiué that, at ieast as
far as the senses are concerned, figh tend to become drier as they
soughen (see also Fig. 1)

The ccmplex influence of ‘the state of rigor in which fish are
frozen (Amlacher, 1961) is not directly taken into account; neither

will the relaticnships hold ﬁhere f4sh soften parkedly in frozen sterage

‘ due to catheptic activity.
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Texture and acceptability

Cowie and Little (1567) equated a lower texture score with greater
acceptability, without considering that acceptability may decrease with
fish of too soft a texture. The present results showed no linear cor-
relation between texture and taste panel acceptability scores (r = 0.07;
d.f. 67) or moisture (succulence) and acceptability (r = 0.034; d.f.
67). The precent study showed two reasons why fish may have accept—
ablllty scgges unrelated to, or nonlinearly related to, texture; either
they are toé soft (c.f. Fig. 1) or when they toughened on cold ‘storage
other attributes such as off-flavour had a predominant influence on
acceptability (Laslett & Bremmer, unpublished).

While texture may not be. the: prime determinant of acceptability cof
cooked ﬁinces‘and fish fingers, this is not so for fish sausages and
heat gelled fish ﬁroducté, where quality depends on correct pH and high
protein extractability to provide the emulsifying and water holding
napécities,nacgséary~tp;gbtainqa;Produgf;withx&wiﬁﬁémgzhewiogi¢-J

properties (Sadowska & Sikorski, 1977).

Conclusions

The relationship_ﬁetween texture, pH, salt extractable protein and
moisture explored by.Cowie and Little (1966; 1967) on frozen stored
cod has been reaexamined and e\tended to results on a randocm mixture of
sixty-two samples frem sixteen species of figh. The‘striking similariﬁy
in the results obtained shows the validity of the.underlying concept of
the relaticnship of texture with pH and salt extractable protein and the
interrelated phenomenon of succulence. .

As traditional steccks become over-fished and new species enter the
trade, this information may be of considereble value, particu.gvly in

framino iuvcszigatic:s oD ‘pever species.*"-Wj'i , ;fﬁi
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Table 1. Key to species - -

Symbol Common name Generic name
A Australian salmon - Arripis trutia esper
B Barracouta Leitonura atun
C Cucumber fish Chlorophthalmus nigripinnis
E Saszhark o Pristiophorus cirratus
G Gémfish fhéke orbking barracouta) Rezea solandri
L Lingb ' ) Genypterus papillosus
M Morwong (3ackass fish} Nemadactylus macropterus
N Nannygai (redfish} Centroberyx affinis
0 Ocean peréh Helicolenus papillosus
P Perch®™
R Red gurnard Currupiseis kumu
S Silvér trevally Usacaranx nobilis
H Spiny or deep sea flathead Hoplichthys haswelli
T Tuna o Katsuwonus pelamis
F Tiger flathead ‘ Neoplatycephalus richardsoni
W Blue grenadier (whiptail}

Maeruronus novaezealandiae

‘*;*

Generic name not identified’
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Table 2. Correlation matrix between variables for fish minced and fish fingers v

' {

Figh minces (d.f. =-59) Fish fingers (d.f. = 20) ‘

' = . s

Extractable Inextractable Extractable Inextractable §

Texture pH protein protein Texture pH protein protein ¢

g/100g flesh g/100g flesh g/100g flesh g/100g flesh z

H -0.16 -0.21 g
C e *% ‘ e * ‘.
xtractable -0.57 0.37 : o -0.42 0.26 )
protein ' 3
. Sk - ke * Fdek ﬁ
nextractable 0.63 0.19 =-0.94 0.50 -0.08 ~0.91 N
protein %
- ' fekk % *k dede C ok * b
agt¢e panel -0.78 0.32 . 0.3¢ . ~0.46 -0.74 0.36 0.33 -0.50 s
noisture : K
!'.

¥

CooW, ®A A%k gionificant at the 5%, 1% and 0,17 level respectively ;

Note the similarity between the -correlation coefficients between variables for fish minces and fish fingers
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Fig. 1. Téste panel mean scores displayed as a texture-woisture
matrix, for the minces from sixteen species of fish caught
in Australian waters, and stored for varying times up to
a year at -18%. Each specles is marked with a symbcl

(Table 1). =

Fig., 2 Th?Krelationship between faste panel score for texture .
(shown in diagram against symbol for each species) for
fish minces and the pH and percentage of salt extractable
protein. The Cowie & Little line is taken from their
paper and divides tough frcm acceptable fillets, See

legend to Fig. 1. .

Fig. .3 The relationship between taste panel texture score
(shown .in diagram against .symbol for each species)

for fish minces and the salt extractable protein in

~¢/100g mince. See legend to Fig. 1.




Fig. 1
Fig. 2
Fig. 3

Taste panel mean scores displayed as a texture-moisture
matrix, for the minces from sixteen species of fish caught
in Australian waters, and stored for varying times up to

a year at -18°c. Each species is marked with a symbel
(Table 1). =

Th$[re1ationship between faste panel score for texture .
(shown in diagram against symbol for each species) for
fish minces and the pH and percentage of salt extractable
protein. The Cowie & Little line is taken from their
paper and divides tough from acceptable fillets. See

legend to Fig. 1. .

The relationship between taste panel texture score
(shown in diagram against symbol for each species)

for fish minces and the salt extractable protein in

'g/100g mince. See legend to Fig. 1.
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ABSTRACT

A number of separate storage experiments were carried out on
frozen blocks of mechanically separated (minced) flesh from a
variety of Australian species. Each experiment was conducted
using one species, and dressed fish (after heading and gutting)
were usgé to prepare the minced blocks,

When minced fish is stored in the frozen state degradative
changes occur, The changes that occurred im these experiments
varied in nature and degree according to the species: in some
the amount of saline extractable protein decreased markedly, in
éthers the decrease was s;ight;_ the samples from some species
became tougher, othersasoftenedo A taste panel detected that
.pff-aromas and off-flavours had formed in the stored samples
_with consequent decrease-in their acceptability. The amount of
bone in the mince varded with both the species and the size of
hele in,the screen of the separator.

Attention is drawn to key processing factors inm obtaining

quality and the overall results and process of mechanical

"
separation is discussed relevant to Australian conditions.
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INTRODUCTION
A pretty kettle of fish

The proceedings of three international conferences on the
technology and utilization of mechanically separated (minced)
fish flesﬁ, held in recent years at Oakbrook USA (Martin
1972), Boston USA (Martin 1974) -and Aberdeen UK (Keay 1976),
attest fb the current interest in this field. While many
of the techniques, results and observations reported at
these conferences are relevant to Australian. conditionms,
Australian species are different and the processing
characteristics of their flesh unknown.

Previously unutilized fish stocks are only now being
caught by the developi?g Australian trawl-fishing industry,
as yet in its infancy: Unltke catches from .the large fish-
ing grounds in ofher areas of ‘the world, local catches are
gengrally comprised of several species,; the proportion vary-
ing with the season.

Mechanical separation provides a means of recovering the
maximum amount of available edible flesh from such species.
Separated flesh 1s normally frozen into blocks, and these
blocks become manufacturing material - mainly for the.prod—
uction of fish fingers., Many brands of fish fingers on the
Australian market are made from minced fish; they are imported
as retall packs or made from imported frozen minced fish blocks.

There is a possibility that given certain conditions, minced
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flesh from Australian species could supplant these imports

if there was a sufficient regular supply of fish with suitable
flesh; 1f that flesh were stable in storage; if the products
were acceptable to the Australian consumer; and most import-
antly,i} it was an economic proposition.

At ?Pe outset of the work reported here (January 1975) the
numberL;f potential species that could be caught was not
clear, nor was there any information as to the properties of
the flesh of each particular species. Therefore a separate
experiment on the minced flesh of each species was done, as
that species became available (i.e. was caught). The whole
of the dresse& fish (after heading and gutting) was processed,
to provide information on the properties of the flesh, since,
at this stage, estimates of the nature and volume of off-cuts
were impossible to predict (and indeed still are).

- The major results from the separate, but similar, experi-
meﬁts'are reviewed here and attention is drawn to overall
‘trends and the marked differences in some properties between
the species. Oyfervations on the relevance of some analyt-
ical procedures and on the nature and use of minced fish are
also discussed, with particular application to the Australian

industry.
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MATERIALS AND METHODS

rlaterials

The species investigated are listed in Table 1l and a
more comprehensive background, explanatory details and some
preliminary results havé already been given (Bremner 1977a-c).

In each experiment minced fish was stored at -18°C in the
form of frozen blocks for periods of up to one year. Blocks
were withdrawn from store at intervals, thawed and divided
into three, one portion being used for analysis and the
other two for taste panel evaluation.
Analytical Methods

' The methods for pH, @rﬁde protein, fat, formaldehyde,
free fatty écidg extfé%table malonaldehyde (TBA value) and
saline extractabls. pxotein {SEP) .have hzen described in
detail previously (Bremner 1977b).

"Thebsaline extractable protein (SEF g/100g flesh) is
often alternately expressed as percentage extractabiilty
(SEP/total protein X 100). -During extraction of SEP it
was found necessary to keep the homogeniser chamber cool by
immersion in an i;e«salt mixture (m7°c) otherwise theéfrictc
ion heat generated, resulted in some denaturation of the
protein and a lower SEP,

The TBA estimation was done by heating an aliquot of a

perchloric acid extract of fish muscle with the thiobarbituric




acid reagent, and it was noted that cloudiness and precip-
itation tended to occur in those extracts from the fish in
which formaldehyde was produced. Therefore readings were
taken on the solution immediately following the heating
process, after cooling to 20°¢.

Threé methods were tested to analyse fish mince for bone
content; an aqueous flotation method (Patashnik et al.
1974), dissolution of the flesh in urea (Yamamoto & Wong
1974) and alkaline digestion of the flesh with subsequent
separation of bone by differential flotation in CHC14
(Dingle et ql. 1974). The first method, although quick,

did not give reproducible results; the second was time-

-consuming and the large volumes of solution involved made

it unwieldy; -the third method, even' though it dissolved some

-of the collagen of the bone, gave fairly reproducible results

with a reasonable sample throughput and was adopted as the

:most suitable for routine analysis.

=

" Taste panel assessment

Details of design, sampling and presentation of samples to

a

the panel have been given previously (Bremner 1977c¢c).- The

panel were asked to score the minces and fish fingers for

. aroma, off-aroma,  flavour, off-flavour, texture (toughness),

meisture and acceptability on a nine point scale; the higher

the score the greater the attribute. In the case of texture




and moisture a score of five was designated as the preferred
texture and normal moisture respectively (see Bremner 1977c).
Comments on the samples were invited but not actively

solicited.

Y RESULTS AMiD DISCUSSIOLN
Texture
During frozen storage changes occut in fish flesh; this
is particularly the case with minced fish, wﬁere the
opportunity for reaction to occur is much greater because
cellular disruption has brought reactants into proximity.
fextural changes are regarded as arising from denaturation of
the native structure of.the,myofibrillar'protein and the
reader is referred.to a’'recentizeview-of this popile {Sikorski
et al. 1976) for a full discussion of the factors involved,
In general, denaturation results in a decrease in the
amount of protein which is extractable into dilute saline
soiution° - The results for SEP are shown in Table 1 for
samples before -and after storage, together with the first
and final taste pénel texture scores and descriptive comments

on texture, given by the taste panel, Since there was no

compulsion for panellists to provide comments, the typical

. examples are merely reported; not. listed with the frequency

of their occurrence. Comments, such as are reported, give a

71




valuable description of the nature of the samples and may
act as pointers to the direction of subsequent change e.g.
as with cucumber fish. With the exception of the perch and
the Australian salmon the fish were received in the frozen
state, stored for four to six weeks at -18°¢ and then thawed
before pFocessing, and in part this may account for the
examples of initially low protein extractability. In most
specieslfeported in the literature, the decrease in SEP
follows a first order reaction (Love & Olley 1965): i.e.
most change occurs initially, and the typlcal patterns
exemplified by spiny flathead (slight decreaée), ocean perch
{medium decrease), and cucumber fish (rapid decrease to
almost total inextractability) have been pointed out
previously (Bremmner 1977b). This fixst order reaction is

then followed by a slo? reaction, which in whole fish may

. take considerable time to reach completion. ¥ilm et al.

(1977). have recently described this phenomenocn in lemon
sole stored»for.seventeen years.

‘The level of SEP is an important indicator of the manufact-
uring property of the flesh and Sorenson (1976) has shown
that to ensure satlsfactory binding in heat-gelled products,
a minimum level of 8.5-11% SEP (g/100 g flesh) is reqqireds
particularly where no other binders such as starch are present.
0f the freshly prepared minces only the ling had an SEP below
this minimum. Several other species decreased in SEP to
below the required levei over the period of storage.

Two of the species, shark and nannygai, were judged by the
taste panel to be soft in texture (low score) when first

examined, while the salmon became softer on storage as did

e




one of the two batches of ocean perch and
one of the two batches of spiny flathead. Softening of
stored fish flesh is considered to be due to catheptic
activity and has been reported previously (e.g. Olley et
al. 1967).

The“Faste panel judged that nearly all the samples became
tougher (increase in texture score) during frozen storage
. with marked change in cucumber fish, blue grenadier, ling
and red gurnard. ' Cucumber fish and blue gfenadier both
form formaldehyde in- frozen storage (Bremmer 1977b) while
‘ling forms malonaldehyde- and these compounds presumably
account for the denaturation and resultant toughening
{Sikorski et aZ. 1976). - Red gurnard produced free fatty
acid (FFA) An ‘stovage (95 g FFA/L00 g flesh ian 200 day)
and -FFA has beeh implicated in the denaturation of fish
myofibrillar protein with consequent loss of SEP and
toughening .of fish flesh (Sikorski et al. 1976). On the
other hand, the nannygai produced 200 mg FFA/100 g flesh
over the same :period and not only did it remain soft but
its‘protein:extr;ctability remained high. . The level of FFA
-in otherfspecieS'remained low, except for the blue grenadier

which produced 275 mg FFA/100 g flesh after. 200 days in

.. store: - it .also produced formaldehyde which reacts more

rapidly with the protein than FFA (Sikorski et al. 1976).
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While in general as SEP decreased most samples became
tougher, analysis of the data by multiple regression showed
that it was necessary to consider flesh pH and taste panel
moisture scores as well as SEP to explain the variability in
texture (Bremmer et al. 1978).

Sinte there are different reasons, either singly or in
combination, why fish flesh toughens in storage, it is not
surprising that different comments were given by the panel
to describe samples of the same toughness score; and it
is reasonable to consider that the ultrastructure of the
flesh is reflected in mouthfeel. Using phase contrast
ﬁicroscopy,Olley et al. t1967) presented some interesting
micrographs of different patterns of myofibrillar aggregation
in different species. In aggregated fibres where the water
‘holding capacity 1s reduced, due %o an increase in the
hydrophobic nature of the protein (Aitken & Connell 1977),
and where catheptic activity has weakened fibre bundles at
the Z lines, the result could be flesh which is both tough
and pasty. "
Sensory characteristics and acceptability

- Examination of the results from the taste panel indicates
that the acceptability of the fish, both as a mince and as
fish fingers is most affected positively by the amount of

fish flavour (Fig. 1) and negatively by the degree of off-aroma




and off-flavour (Figs.2,3). The interrelationship of flavour,
off-aroma, off-flavour, moisture and texture with acceptability
has been investigated further (Laslett & Bremner in prepar-
ation) and the results show the relatively greater importance
of aroma and flavour characteristics over textural character-
istics.’ This is an important point since much work in the
past has been on the textural characteristics of fish, and
. £fish mince, It points to the need for further investigations
on both the natural flavours and those flavcurs formed during
storage; such investigations require sophisticated expensive
analytical equipment whereas much practical information can
be gained from .the use of‘taste panels.

There is a tendency:in the trade to prefer bland tasting
fish for incorporation into products, however this adult
panel favoured samples with a stronger fish flavour.
»Ffshbf1avour and oxidation

Table 2 is arranged with the fish listed in descending
order of fat content, and all the available data on thio-
barbituric acid (TBA) values have been displayed graphically
to show the trends with time, the vertical scale for ccch is,
of necessity, different and the maximum and minimum TBA
values are given alongside to illustrate the magnitude of the

" trends. The off-aromas and off-flavours that arise during

the frozen storage of fisﬁ are generally regarded as being
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due to lipid oxidation (McGill et al. 1977) and hence the
taste panel comments are included in Table 2, and, like
the texture comments the frequency is not listed, only the
occurrence.

The TBA test measures malonaldehyde, an end product of
1lipid oiidation, and it is apparent that the TBA value is
not a function of the fat level in the fish, Furthermore
the high TBA values for the fatty fish, salmon and tuna, may
- be due to accumulation of malonaldehyde in the lipid, which,
by dilution, hinders the secondary reaction with protein;
the malonaldehyde remains chemically extractéble. An
_analogéus mechanism was~iﬂvoked by Anderson & Steinberg
-(1964) to explain why ;dded FFA did not cause .the expected
) decrease;im‘SEP;ifxsufficientadiluting;lipid was present,
In the case of. the ling:(which was low.in 1lipid) the decrease
igmmalonaldehfde-is presumed to be due to reaction with the
protein, resulting in toughening of the flesh, since malon-
aldehyde can react with food constituents to become inextract-
able under the Ceéf conditions., Buttkus (1967) demonstrated
that malonaldehyde reacts with trout myosin at appreci;ble
rates at -20°C and Botta et al. {1973) and Botta_& Shaw (1975)
have reported decreases in TBA values in both frezen and iced

-fish respectively. At any one time the TBA value is there-

fore a reflection of the balance between the rates of formation
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and reaction of malonaldehyde with proteins and amino
acids,

The taste panel scores (Table 2) for off-aroma and off-
flavour increase with storage in most species and the pheno-
menon of "cold store odour' or ‘''cold store flavour" developed
to vafying degrees as indicated by the comments. MeGill et
al. (1974) and McGill et al. (1977) established that
hept-eis-4-enal is the major component of cold -store odour;
using pure solutions of the compound they found that even
experienced tasters gave differing descriptions of its odour
- and that these descriptions varied with the concentration.
Similar differences were found-repeating the experiment using
the trans isomer. In concentrations as low as 0.0004% the
hept-cts-b-enal was descritied sgavhously ag cardboardy,
turnipy, oily, rancid, creamy.or .astringent, comments the
- same, or similar, to those described in Table 2. They also
found cabbagey odours in the GLC separation of volatiles from
stored cod while rancid, oily, nutty, bitter, flat and stale
off-flavours are, commonly associated with 1ipid oxidation,
particularly of ;he phospholipids. :

While different comments were.given by the taste panel to
describe » off-aromas and off-flavours that were
formed in each of the'species, it is mnot cerxtain whether there

is a true species difference, or whether there is just a

7|
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different individual response to the same end products of
oxidation, as is found with hept-cis-f4-enal.

When extracted cod lipids were oxidised, the amounts of
aldehydes produced increased with time, whereas in stored
cod some aldehydes increased, some decreased (McGill et al.
1977) ,# indicating the complex nature of cold store odours
and flavours and their changing patterns with time: simple
tests - for example estimation of total ca;bonyls as
dinitrophenyl hydrazones ~ may be misleading.

Taste panels, however, can be used to advantage and
Howgate (1976) has shown that musty, turnipy, and metallic
flavours and musty, eartﬁy, fungal odours are prevalent in
minces from the backgone areas of the fish, while mushroom
flavours mentioned by- the panel and which may be due to
oct-l-ene-3-0l1 which has been detected in oxidised milk fat
{Kinsella 1969).

Bones of contention

Many of the minces teported on here (Table 1) were produced
using a screen w}th 10 mm holes until screens with 5 and 7 mm
- holes betame available. A screen with 10 mm holes %esults
in a coarse mince which retains more of the natural texture,
but normally it would not .be used because it allows too high
-a proportion of bone to pass through into the product.

Smaller holes in the screen yleld a finer mince freer of bone,
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but one in which biochemical and oxidative reactions occur
faster, As might be expected, results for both size and
content of bone vary with speéies and screen size, as is
evident in Fig. 4. The results for the sample
of nan;ygai mince (put through a 5 mm screen) are comparable
with thqse obtained on a sample of commercial fish fingers
)
made from minced fish where the bone content was found to
be 0.015g/100g flesh. It is not only the level of bome
content but the size of the pigces that is.of concern and
the proposed standards of the FAQ/WHO Codex Alimentarius
Commission place emphasis in this area. The standard
which covers frozen minced blocks classifies as defective
a 1 Kg sample of mince if 1t contains two or more bones of
a slze greater .than 5-mm in.sny dimension; while the
standard covering fish fingers classifies as defective a
sample (equivalent to 250g fish flesh) if it contains even
one bone 'capable of piercing or hurting the palate after
the product is cooked'.

‘Bone content San,be minimised using good manufacturing
practice, i.e. cére in preparation of the fish, seleétion
of screen size and adjustment of belt tension on the
separator, Alternately the mince cadn be passed through a

second machine, known as a strainer to remove excess bone

(see below).

o
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PROCESSIHG IMPROVEMEMTS TO OBTAIi! QUALITY

Storage life of mince depends greatly on the preparation

of the fish. Belly cavity walls should be unstained,
free from traces of gut, scrubbed clean of black membrane
and any traces of kidney removed. The kidney, which contains
a numéér of enzymes capable of causing deteriorative changes,
is situated close to, or around, the backbone. . It is there-
fore preferable to remove much of the backbone, kidney and
associated blood vessels using a bone cutter. Haem pigments
in the blood not only result in a greyish mince but are
responsible for bitter flavours and catalysis of oxidative
ieactions (Howgate 1?76), Further removal of traces of
skin, scales, connective tissue, bone and fin can be accomp-
lished by passing the mince through a strainer, The hole
size in the screen of the strainer is generally about 2 mm
&iam. and the resulting product tends to be rather pasty.
Another technique applied, particularly in Japan {Okada 1975),
is that of washing the mince in ice water to remove blood,
deteriorative eﬁ%ymes and substrates e.g. trimethylgpine

oxide. This is effective depending on.the degree of wash-

ing but at the same time flavour losses -are great, the

texture tends to become rubbery and, in all, the disadvantages

‘probably outweigh the advantages (Bremmer unpublished;

-

S




ol

- 15 -

Miyauchi et al. 1977). Washing also gives rise to effluent
problems. Peroxide bleaches have been used to lighten the
mince colour (Ravichander & Keay 1976), since it has been

the opinion (Elston 1975)vthat white fish flesh is essential
for success in marketing fish fingers. This is perhaps more
a reffection that the public identifies both the product with
the species and a species with its natural colour. A wide
range of variously coloured fish is already eaten in Australia
“and it is possible that products in which‘the fish is not
white will appeal to the palate if they are also tasty and
succulent, There is an obvious need for market research in
‘this area. Where familiar species are naturally dark in
colour and are labelled accordingly then the consumer accepts
this. The local product must staud or fall on its own
merits and costly attempts to produce a poor imitation of

cod are not.likely to end in success for the local fish

industry.

PERSPECTIVES AlD COHCLUSION

The impressién could be gained that none of the Australian
specles examined are satisfactory as potential manufacturing
material, This is not the case. Only blue grenadier and
cucumber fish. formed formaldehyde and careful handling of the

ling may inhibit malonaldehyde formation. In fact, it is
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possible that further catches with different antioxidant
status in the tissue (due to feed?) may not produce such
initially large amounts of malonaldehyde.

It should be remembered that during frozen storage of
cod, a fish in great demand on the world market, both FFA
and fo%maldehyde are released, SEP decreases, the flésh
toughens, the flavour deteriorates, and cold store aromas
and flavours develop. Other important commercial species
display similar phenomena, The problems are minimized by
careful handling and processing in the light of the known
likely changes.

Indeed Australia is fgrtunaté that most of the species
examined, which may bé caught in quantity, are those in which
the changes occurring during storage are slow; and that
acceptable products can be made from them. Results of two
consumer acceptability trials. on fish fingers (with 66 and
429 tasters) have proved encouraging. In both cases the
fish fingers, made from fish mince, were well liked, with
over seventy percent of respondents rating them better than,
or equal to, commercial varieties‘(Bremnér et al. 1976;
Bremner 19774d).

The trawling effort increases, but it remains to be seen

what use is made of the diverse species available, and

whether mechanical separation will be employed to optimise

Ho
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the potential yield from the catch. Nevertheless the
information gained from this project will nég be available
to Government and industry alike as an aid to determining
future policy.
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Fig. 1

Fig. 2

Fig. 3

Fig. 4

LEGENDS TO FIGURES

The relationship acceptability versus flavour for
fish minces and fish fingers indicating greater
acceptability at higher flavour scores. Each
letter symbol represents a mean taste panel score
(Bremner 1977c). The symbol key is contained in

Table 1.

The relationship acceptability versus off-aroma
for fish minces and fish fingers indicating lower
acceptability at high off-aroma scores, Each
letter symbol répresents a mean taste panel score
(Bremner 197jc). The symbol key is.-contained in

Table 1,

The relationship acceptability versus off-flavour
for fish minces and fish fingers indicating lower
acceptability at higher off-flavour scores, Each
letter symbol represents a mean taste pamel score

(Bremner 1977c¢). The symbol key is contained in

Table 1.

Bone fragments contained per 100g fish mince,
produced at maximum belt tension. Determination

by the method of Dingle et al. (1974).
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Table 1

. o
Change in protein extractability, taste panel texture scores and typical taste panel comments on texture in frozen stored minces (-187C)

Description of samples Chemical and organoleptic changes during storage

FishT Symbol Date Screen Total Protein extractability Texture scores Storage Typical taste panel texture
caught size protein ti?e comments
o
Sampling - Sampling mince Sampling
(g/100g Eirst final first final first final
(mm) mince) (%) (%) (days)
Tuna T Mar.1975 10 22.3 56" 15 6.1 6.5 260" sticky granulac, dry
Gemflsh G Jul.1975 7 17.9 56* 29 5.2 6.2 200 clingy pasty, tough
Perch P Mar.1975 " 18 17.2 99 27 5.1 5.9 112 stringy spongy
*
Salmon A Mar.1975 10 20.4 92 s51% 6.0 5.5 112 cubbecy o comments
: crumbly
Cucumber fish (2) C May 1975 10 18.3 ,69x 17 5.5 7.1 182 cotton waal, tough, rubbery,
sufn, rubb=rcy fibrous
*
Blue grenadier W Aug.1975 7 17.0 70 19 4.7 6.1 181 no cormetis fibcous, pasty
*
Cucumber fish (1) c Dec.1974 10 17.8 76 4 6.9 8.4 163 dcy, rubbery dry, rubbery
2 *
Silver trewvally S Mar.1975 10 19.4 82 61 3.3 4.4 217 GO Cu.s@ents chewy, succulent
* *
Tiger flathead F Apr.1975 10 19.2 74 60 5.4 6.3 90 no conmeants chezwy
Ocean perch (1) 0 Dec.197¢4 10 15.9 77 40 4.8 3.8 205 no comments graoulig, floury,
puwdacy
Ocean perch (2) 0 Apc.1975 10 15.4 91 36 4.5 6.3 162 slopay g avulac
* *
Red gurnard R May 1975 10 20.0 64 47 5.0 6.6 182 nec commants rubbe.y, graloey
. * *
Saw shark E Mar.1975 10 18.7 59 53 3.6 3.8 259+ golarinaus pup, porridge,
mushy
*
Nannygatl N May 1975 10 17.0 95 88 3.2 2.9 200 no oo pdsiy, mushy
Ling L Jul.1975 7 17.0 47 22 5.0 7.3 193 graanular, dry, m2aly,
fibrous gritty, weodanip
Spiny flathead (1) H Dec.1974 10 16.6 88 65 4.7 3.7 196 no comments woolly, powdery
* *
Spiny flathead (2) H Apr.1975 10 17.4 84 71 3.8 5.3 167 fibrous clingy, fibrous

t . . . . :
Species listed in order of decreasing fat content (see Table ).
* .

These samples contain more than the minimum level of 1i% SEP (g SEP/100g flesh) re

+
The final taste for these samples was conducted at a storage time of 38 davs.

Fish stored whole Ffrozen 4-6 weeks before processing, except perch and salmon (see text).

quired for satisfactory binding properties (Sorenson 1978).




Table 2

Fat levels, trends in TBA valvues”, maximum and minimum TBA values, taste panel scores for cff-aroma and off-flavour and
typical taste panel comments on off-aroma and off-flavour in frozen stored minces (-18°¢)

Fish Fat TBA trends over 300 days* TBA levels Taste panel scores Storage Tvpical taste panel comments

N . T s
Jevel (mg maleneldeliyde Off--aroma Off-flavour t1?e at final sampling
/ke flesh) sampling sampling m;; o
%) 0 100 200 300 max. min. first final first final (davs) off-aroma off-flavour
+ .
Tuna 7.5 ° 8.8 4.1 3.4 3.9 4.9 38 oily, stale, bitter, rancid
= musty

Gemfish 5.3 2.0 n.4 2.7 2.6 2.3 3.6 200 susty oilv, bitter

I~
w

Perch

°
o
[o+]
o
~
w
O
=~
.
w
]
w
N
ol
—
;8]

th

catbtage-like, “tele, mushroom—-11
harp

a
falm:n 4.2 9.0 4.8 3.7 3.4 3.6 3.3 112 rancid, oily sour-acid, rancid

Cucunmber +osh (2) 2.5 ,/ﬁ\\L \M}’/,; 1.5 0.3: T 2.4 5.2 2.6 42 182 ctale  acrid stale, mushroom-1:
\\\\h_

Blue grenadicr é.b 0.8 0.5 1.8 3.9 2.0 2.0 181 milkv, srassy srale, carrar-like

Cucuml v 11:00 1) 2.1 1.7 n.7 4.8 6.9 4.3 6.6 163 swret, - ardbuardy, tiat
o tnruip-like

Silver trevally <.0 vﬂ//f_\\\N//}\\\ 2.2 1.1 2.1 3.9 3.7 3.8 217 ammoniacal waliv, hitter

Tiger flathead 1.6 /\/ 0.9 0.4 3.5 2.9 2.7 3.9 40 chemical Cndid

Ocean rerch (1) 1.5 e/}\\~__,//’A‘\\ 1.1 0.6 3.6 3.6 3.3 3.2 208 nutty, milkv voacked wegetanle,

hland

Ocean perch (2) e TN — 1.4 0.6 1.0 3.1 2.0 2.3 162 i Tk crale. kland

Red guviard 1.4 “‘~—\\\;wmq///* 1.7 1.0 3.5 3.4 2.2 3.1 182 sharp PO GITENTS

Saw shark 1.0 . ° 0.6 4.3 4.0 4.0 3.8 33 smmoniacal bitter, ¢ariboaran

Nannvgai 0.8 J/»&\“‘<k\\v//9 0.8 .4 3.0 4.4 1.8 3.3 200 musty meaty, stale, swes

Ling 0.7 \\ﬂ’__‘&\v//—f‘ 5.7 2.0 2.3 2.5 2.3 2.6 193 nusty milky, oily

Spiny flathead (1) 0.7 o 1.6 4.3 4.0 4.3 3.8 196 mustv, stale nuttyv, stale

Spiny flathead (2) 0.7 r/kﬂ///*;v,,——n 0.8 0.5 3.0 4.4 1.8 3.3 167 milky musty

Means of at least three analyses.
% . . s
*The vertical scale is not the same for each species. To assess the magnitude of the trends use the maximum and minimum values in the adjacent column. U\
[N
N

+ -
Dots are not joined where cnly one or two measurements were made.
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MINCED FISH IN AUSTRALIA - USAGE AND RESEARCH

H. AlLan Bremnen
CSTRO Division of Food Research
Tasmania, Austratlia

Introduction

The production of mechanically recovered (minced) fish
flesh in Australia is low. There are a number of reasons for
this and it is necessary to cover some of them before proceeding.
In global terms the Australian fishing industry is small, the
main catching effort is centered on low-volume high-priced species
such as prawns, lobsters and abalone, most of which are exported
to Japan, Southeast Asia; and the U. S. A. There has been little
in the way of a concerted effort in catching high volumes of low
priced fish. This is partly because Australia has always had
adequate cheap supplies of sheep and beef meat (Farrer, 1980)
that are well promoted and compete advantageously with fish; so
the need to exploit fish as a food source has not arisen. Further-
more, while Australia has an extensive coastline, there are in-
sufficient upwellings of nutrient rich ocean water to support
large populations of fish, thus there are few rich fishing grounds
a§ in other continental waters.v |

With the exception of the northern prawn interests in the
Gulf of Carpentaria, there are no compaﬁy owned fleets of vessels
working in an organized manner. Generally, the fishing boats are

small owner-skipper operated or are family ventures. Our long and
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diverse coastline means that many~boat§ operate from small ports
where the processing facilities are not geared to handle large
volumes. The majofity of the Australian population lives in a
~few main cities, the state capitals, and thus efficient transport
to these markets is necessary.

Recently, there has been considerable promotion of packaged
fish and fish fillets in supermarkets and much of this fish, to
date, has been imported. As this market becomes established, the
domestic supply of fish is expected to increase to replace these
imports. |

Fishermen are gradually capitalizing on the results of govern-
ment sponsored exploratory trawling operations on new grounds and

the declaration of the 200-mile Australian fishing zone is expected

to give the local industry the necessary breathing space to develop.

If the domestic catch continues to increase and more diverse and
unfamiliar species are landed, then the industry is more likely to
consider processes such as mechanical separation, in order to make

fuller use of the catch.

Imported Minced Blocks

It is unfortunate that statistics on the import of frozen
minced blocks are not recorded separately, but are combined with
those for fillet blocks. It is certain, however, that the prin-
cipal use of minced blocks has been for fish finger production.
In the period 1965-1976, only one company operated as a contract

producer of fish fingers and they claim their share of the market
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rose to about 25% (Bingham, 1980). Some 20% of their product was
made from minced fish blocks. In the last five years, all fish
fingers sold have been wholly imported, but now two major Australian
companies are manufacturing them and a third has a plaht under con-
struction. Only one of the two companies now in production is

using minced as well as fillet blocks. To an extent, the proportion
of minced blocks to fillet blocks used is a matter of price, and
while fillet blocks remain relatively cheap, minced blocks will

not be competitive. At present, the market for fish fingers is

not stable because of the alleged practice of dumping imported fish
fingers made from mince into Australia, and also the transition

to local manufacture. The manufacturers of the local product ex-
pect to replace the need for an annual import of 6000 tons (A$12
million) of fish fingers, (Best, 1979) of which about one-third is
made from minced fish.

It is difficult to ascertain the fate of those imported minced
blocks that have not been used for fish fingers, they presumably
have found their way into a variety of products depending on
shortfalls of local supply. There are, on the market, a variety
of fast food items and party-starter products such as fish bites,
fishburgers, fish rolls, fish dips, etc.; which incorporate minced
fish. But, in most of these products other materials? €. g. rice,
soy isolates, pbtato, flour, etc., provide much of the binding
properties, with fhe minced fish.lending the product a fish flavor

rather than some unique textural characteristic.
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Domestic Production

As far as can be determined, the domestic production of minced
fish has not been in the form of frozen blocks and, thus, as a
corollary, there has been no production of fish fingers from local
species. There is a steady production of mince which seems mainly
to be from fillet trimmings and the nature of this material varies
from season to season and state to state. The mince may be used
fresh, but is often in plastic bags for later incorporation into
fishburgers, fish bites, fish rolls and canned products. Other
material is used as soup stocks while the poorest grades go for
pet food. There appear to be no unique products which have been
developed from minced fish, nor havebthe potential manufacturing
‘ppdperties, particularly of the freshly prepared minces, been ex-

‘ploited.

Induétrial Research

There are few food technologists-employed within the Australian
fishing industry, correspondipgly there is not a great deal of
research carried out and even less is published. There have been
no technical reports from industry on minced fish, but it is known
that at least one Australién company has done a considerable amount
of investigation on the production of mince and now success fully

incorporates mince into their products.

University/College Research

No university in Australia has a group working in the field
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of fish technology, nor has there been the type of promotional
product development outlined by Regenstein (1980). However, at
Hawkesbury Agricultural College, New South Wales, interesting

work has been done comparing the viscosity and gelling properties
of several species using a Brabender amylograph and viscograph
(Baumgartner, 1979). There were substantial viscosity differences
between species in homogenates of their proteins and differences
also between fresh and thawed materials. Emulsification capacity
was measured and‘some studies aimed at isolating protein factors
using different pHs and salt solutions of different strengths were

also carried out (D'Mello, A. F. pefsonal communication).

State Research

The fisheries authorities in each state are geared more
towards biological and management problems in fishéries. With
the exception of New South Wales, where investigations into the
production of fish sausages from minced flesh of trawl species has
been carried out, there has been no other product development
fostered under state research.

A variety.of types of sausage can be produced success fully
(Parish, personal communication) and one batch'at an informal
taste trial was reasonably well received (Bremner, Lewis and

Quarmby, 1976).-

Federal Research (CSIRO)

The Tasmanian.Food Research Unit (TFRU) is that organ of the
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Division of Food Research within the Institute of Animal and

Food Science which has responsibility for research into seafoods.
In 1975, a progrém of research into the storage properties of
minced fish was started. At that time, supplies were only avail-
able from the N. S. W. State Fisheries research vessel FRV 'Kapala'
which was exploring the waters off the southeast coast for mid-
water and deepwater trawling grounds. Many of the species inves-
‘tigated were commercially unknown and it was decided to produce a
mince from the whole fish rather than guess at the nature of fhe
gff—cuts. The details of these experiments have been published,
Brémner 1977a, 1977b, 1977c, a brief summary follows.

‘A list of the main species of fish 1nvest1gated are listed in
Table 1. The fish were recelved frozen at TRFU, thawed in running
water, beheaded, gutted, scaled and then passed through a Bibun
SDX13 meat separator.

A portion of the minces from some species were washed three
times in about three times their volume of icewater. The minées
were stored at -18 degrees C in aluminum trays and over a 6 month
period samples were taken from storage and analyzed chemically
for pH, trimethylamine oxide (TMAO), trimethylamine (TMA),
dimethylamine (DMA), formaldehyde (FA), free fatty acid (FFA) and
saline extractable protein (SEP). Samples were also scored by a
taste panel according to the score sheet abbreviated in Table 2.

The minces from a majority of the species, representing a
range of orders, became tougher and drier with time in frozen

storage (Bremner, 1978). No single factor or group of factors
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could be inferred from the data to have é causative effect. By
regression techniques, some 45% of the variance in the toughness
scores could be accounted for using the parameters pH and SEP
(Bremner, Laslett and Olley, 1978). When the taste panel moisture
score was included in the regression, the variance accounted for
was increased to 81%. The moisture score alone accounted for over
50% of the variance in toughness. Principal component analysis

on the data confirmed the close inverse relation between moisture
and toughness. This relation may be purely a function 6f the
taste panel results or it may indicate that - if it is assumed
that the taste panel moisture score is a sensory measurement of
water holding capacity - some physical measurement of water holding
capacity may be useful as a predictor of texture.

None of the chemical measurements taken in this study were
useful either alone or in combination in forming a predictive
model for the moisture sﬁores.

It was noticeable that samples givén the same scores for
toughness or moisture exhibited differences in the nature of
these parameters. For instance, those species such as cucumber
fish and blue grenadier which formed formaldehyde in large
‘quantities in frozen storage, tended to exhibit the wet-dry
phenomenon (Love, 1968) where the initial impression of wetness
in the mouth soon changes to that of dryness as the moisture
freely escapes and a tough, dry wad remains. More detailed tex-
ture score sheets on which the initial and later impressions in

the mouth are recorded, such as that outlined by Howgate (1977)
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are necessary. This is particularly so where attempts are made
to group species according to similarities in edibility charac-
teristics.

. In frozen fish trimethylamine oxide (TMAO) can be broken
down enzymically to FA, which reacts with proteins, and DMA, which
accumulates and can be readily determined (Amano and Yamada, 1965;
Harada, 1975). 1In some species, the reaction occurs at chill
temperatures, e. g. silver hake (Castell, Neal and Dale, 1973),
cod, saithe and haddock (Mackie and Thomson, 1974) and at super-
chill temperatures, e. g. Alaska pollock (Tokunaga, 1965). Sig-
nificant production of FA and DMA was found in the'gadiform blue
grenadier and the myctophiforms cucumber fish and lizard fish

(Saurida tumbil) (Bremner, 1978; Bremner and Snell, 1978). The

gadiforms are well-known as producers of FA and DMA but the
myctophi forms are less well-known in this regard. Small scale
experiments have confirmed this property in two other species of

the Saurida genus (S. undosquamis and S. micropectoralis) both of

which are also known as lizard fish - and in two zeiformes spiky

dory (Neocyttus rhomboidalis) and a commercial sample labeled

-

antarctic dory (Allocyttus sp.). Harada (1975) also reported FA

and DMA production in lizard fish (S. tumbil and S. undosquamis)

and the myctophiforms Synodus hoshinonus and Trachinocephalus

myops as well as in the Japanese dory (Zeus japonicus).

The results of further laboratory scale experiments, where
minces were prepared by hand from a variety of non-commerical

species obtained from the Australian museum, are listed in Table 3.
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These samples had been in frozen storage for different times and
direct comparisons of the amounts of DAM formed are not valid.
Some species were very small (5-10 cm) and it cannot be guaranteed
that all of the kidney tissue was removed. Kidney tissue promotes
DMA formation. Since DMA formation by bacteria is slight even in
spoiled fish, it is most likely that the DMA was formed.enzymically,
particularly where DMA levels rose on furthef storage. If it is
assumed that FA is formed in equimolar quantities to DMA (cf.
Harada, 1975) then considerable amounts must have been formed in
many of the species (see calculated levels, Table 3). Levels of
100 mg/kg, whether present naturally or added to fish proteins,
hav? a dramatic denaturing effect (Castell, 1971; Castell, Smith
and Dyer, 1973; Connell, 1975; Ohnishi and Rodgers, 1980; Poulter
and Lawrie, 1979; Tokunaga, 1965). -Thus, each unfamiliar species
should be checked for this property when its use is being con-
sidered, particuiafly if minces from different speciéé are to be
blended. Dingle, Keith and Lall (1977) have reported the hazards
of indiscriminately mixing different species.

While the cucumber fish, blue grenadier and lizard fishes
were the most prolific producers of FA and DMA, it was noted that
all the other teleost species produced DMA slowly, but steadily,
in frozen storage, (e. g. see exémpies in Table 5).  This raises
the possibility that FA is indeed produced in all fish but that
the rates of production vafy considerably from species to species
by as much as two orders of magnitude. Variation of rate of pro-

duction within one taxonomic order, is already well established
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(Castell, Neal and Dale, 1973).

In all but two of the species listed in Table 1, which nor-
maily would not be classed as DMA producers, the flesh toughened
on-storage. The possibility that even very small amounts of
formaldehyde were sufficient to -destabilize the protein structure
was considered and the data examined‘using multiple regression.
However, only some 15% of the toughness score could be accounted
for by DMA and the hYpothesis can, at best, be regarded as unproven.

In those species that produced large amounts of DMA, the pH
increased by 0.1-0.2 units. It would be expected that an increase
iﬁ:pH would cause a softening in texture due to opening of the
protein helix, but either this does not occur if the protein is
denatured or its effects are slight or localized in comparison to
those effects holding the proteins together. Sodium metabisulfite
(0.15%) was added to some cucumber fish mince. The result (Table
5) was increased production of FA and more protein denaturation.

‘The large amount of data from the taste panel was investigated
to determine whether a relationéhip existed bétweén the senSory
variables scored by the panel-and the acceptability of the samples.
The analyses showed the importance of scoring sampleé fof the 'off'"
variables such as off aroma and off flavor, since these were im-
portant determinants of acceptability. The intensity of fish
flavor was also important, and in combination with-the off variables,
proved to be equally as important as the texture variables, toqgh— |
ness and moisture (Laslett and Bremner, 1979). This is an important

conclusion since much of the research work on fish has been directed
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towards changes in textural attributes. ‘The results emphasized
the usefulness and versatility of taste panels for this work.

Two opportunities were taken to conduct acceptability trials
on fish fingers made from the mince of Australian species. In
both trials, with 66 and 429 tasters respectively, the results
were encouraging and over 70% of tasters rafed the fish fingers
bétter than, or equal to, commercial varieties (Bremner, Lewis
and Quarmby, 1976; Bremner, 1977d).

Minces from seven different species were washed in icewater.
The washing lightened the color and improved the appearance of
the minces. Some fat and protein was lost in the wash water.

The taste panel results for four of these minces are shown in
Figures 1-4. 1In general, the washed minces were rated lower in
aroma and flavor, higher in toﬁghness and were less acceptable.

0ff aromas and flavors developed at similar rates in both washed
and unwashed minces and the overall patterns of change with time

in storage were similar for both the washed and the unwashed minces.

This was generally true also for fish fingers where those
made from washed minces were less acceptable (Table 4). Each
species gave slightly different faste panel results which were not
necessarily predictable from the results obtained on the minces.
This confirms that storage trials should be done on the finished
product, not the raw materials. |

In three species, a number of fish fingers made from the
freshly prepared minces were kept in frozen storage to enable com-

parison with fish fingers made from stored minces. With silver
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trevally the fish fingers that had been stored were rated more
highly than those made from stored mince, whether it was washed
or unwashed. With ocean perch, there was no difference between
the methods of storage except that for the washed mince, storage
as fish fingers was slightly better (higher acceptability score).
For spiny flathead, there was a marginal preference for the fish
fingers stored as minces particularly from the washed mince.
These few results show the need for éxperimehtation with each
species to find the most stable form for storage.

. Some of the results of the chemical analyses are listed in
Tabie 5. In the washed samples, the proportion of SEP was lower
ihitially and decreased more rapidly than in the comparable un-
washed samples. Washing removed some of the materials, salts,
eté., which stabilize the structure (Sikorski, Kostuch and Kolod-
'ziejska, 1975). The production of FFA was unaltered by washing,
while the production of DMA was diminished but not stopped,
whether the species were prolific producers or not. Washing the
minces is thus of mixed beﬁefit, some effects remain the same,
and others increase and decrease. In general, the washed minces,
and fish fingers made from them, are less acceptable, but color
and appearance improve. Thus, washing is no panacea and it is
necessary to investigate its effects on each species for the par-
ticular advantages and disadvantages it may have.

The binder formulation of Teeny and Miyauchi (1972) was used
in experiments with red gurnard and nanny-gai, and a modified

binder with half the amount of sucrose (0.5%) for gemfish. Unfor-
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tunately, some panelists were sensitive to the surface active
agents used to disperse the anti-oxidant and could detect them

as a bitter taste, furthermore, the sucrose in the binders made

the product unacceptable to the taste panel. A much simpler bin-
der using only 1% salt and 0.15% polyphosphate was used with silver
trevally and ocean perch. For these reasons only, comments on the
textural attributes will be considered here.

In the silver trevally minces treated with binder, thé tough-
ness scores for both washed and unwashed minces were notably lower
and the moisture scores slightly higher. Ocean perch minces
treated with binder had an initiélly lower toughness score and
higher moisture score with the effects being more noticeable in
the washed minces. In the red gurnard and nannygai, the binders
had no apparent effects on toughness and moisture scores. However,
in the gemfish, the minces treated with binder were tougher and
drier, but the effects were less noticeable in the washed minces.

This conflicting information again stresses the importance
of doing experiments on each individual species. It is not suf-
ficient to select one species which is prone to change and find

how to improve it, then extend the results to other species.

Identification of Species

There is considerable interest in the need to identify the
spcecies of origin in a minced, or fillet, block. Polyacrylamide
gel electrophoresis (PAGE) has proven itself useful as a tool for

this analysis. Nevertheless, since the proteins denature faster
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in minces than in whole blocks, a system based on extraction and
separation of the water soluble proteins may fail if sufficient
change has occurred to méke these proteins extractable. This
could occur particularly in fish where FA is formed rapidly as,
for example, red hake, where after only 65 days at -10 degrees C
some 78% of its protein was inextractable even in 1% SDS (Dinéle,
Keith and Lahl, 1977). 1In these circumstances, the water soluble
pfoteins may be either 'locked' in a matrix of denatured my fibril-
Jar protein or be inextractable due to direcf reaction with FA.

In experiments on cucumber fish mince, it was found that even
affer 3 years, stored at -18 degrees C, when the SEP was only 3%,
that the PAGE of an aqueous extract still gave patterns that were
easily identifiable. With blue grenadier, howevér, some of the
slower moving bands were lost, but because of the disfinctive pat-
tern of some faster moving bands, identification is still possible
(Figure 5). It seems likely that FA at a sufficient level can

crosslink the slow-moving sarcoplasmic proteins in this fish.

Fundamental Aspects of Protein Denaturation

At the same time as the practical experiménts were in progress,
consideration was being given to the fundamental nature of the
changes that occur in proteins in frozen storage. These delibera-
tions occurred while Professor Z. E. Sikorski”of the Poletechnika
Gdaﬁska was on sabbatical leave at TFRU and a review was published
(Sikorski, Olley and Kostuch, 1976). This review was based on the

concepts of Lewin (1974) in his book 'Displacement of water and its

- 435 -




control of biochemical systems': the’basic tenet being that

water provides a supportive and buttressing role to protein struc-
ture and that any ion or molecule coming within the configuration
of a protein molecule will alter the properties of the protein,
the water monolayer and the bulk water. fennema (1977) has also
written that "Proteins influence the properties of vicinal water,
and water, in turn, dictates to a considerable degree the proper-
ties of protein."

The agents or phenomena likely to cause change, to influence, or
to measure the results of influences on protein molecules have been
covered recently by Olley (1980). These are primarily the phenom-
ena’that could be classed as physical, e. g. water activity,
specific conductivity, electrical charge, diffusion, ionic strength,
osmolality, dipole relaxation and setondly, the phenomena best des-
cribed as being chemical or biochemical, e. g. amino acid levels,
‘rigor mortis, formaldehyde, buffering capacity, pH, salt concentra-
tions, nucleotides, adhesion of myofibrils, electron acceptors,
lipid oxidation, presence of cryoprotectants, fatty acids, reducing
agents, disulfide bond splitting agents, deconformation of myosin
helix and removal of specific water molecules at very low tempera-
tures. Many of these phenomena are related, to a greater or lesser
exfent, and experimentally many need to be taken into account.

With such a comprehensive number of divefse phenomena, it is most
unlikely that there>is any simple single reason for protein dena-
turation and that a solution for the prevention df denaturation

will be discovered. In recent studies, Tsuchiya, Tsuchiya and
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Matsumoto (1980) have shown that many different types of bonds,
ionic, digulfide, hydrogen and hydrophobic were all involved in
the process of denaturation. Indeed, the question that could be
asked is not, why do some proteins denature in frozen storage,
but why do some not denature? A low and steady storage temperature
to restrict water and solute movement, and restricted access of
oxygen are still the main requirements for stability in storage.
The future of minced fish production in Australia depends
not only on the continued expansion of the trawling induéfry, but
also on the fluctuations in price of blocks of mince and fillets
on the international market. It is certain, however, that each
potential species and the way each proéess interacts with it

requires separate study.
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Fig. 1}

Fig. 2

Taste panel scores obtained with stored
blue grenadier minces. ’

Solid line, untreated mince.
Broken line, washed mince.

Taste panel scores obtained with stored
ocean perch minces.

Solid line, untreated mince.
Broken line, washed mince.




Fig. 4

Taste panel scores obtained with stored
silver trevally minces.

Solid line, untreated mince.
Broken line, washed mince.

-
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Taste panel scores obtained with stored
spiny flathead minces.

Solid line, untreated mince.
Broken line, washed mince.
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Fig. 5

118231
[ 183

Electrophoretograms of (from left to right)
fresh blue grenadier, stored blue grenadier
fillet (thoroughly denatured) and blue
grenadier mince stored nearly 4 years.
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Table 1. List of Species Investigated

Common Name

Generic Name

Australian Salmon

Barracouta

Cucumber fish

Saw shark

Gemfish (hake or king
barracouta)

Ling

Morwong (jackass fish)

Nannygai (redfish)

Ocean perch

Perch*

Red gurnard

Silver trevally

Spiny or deep sea flathead

Tuna

Tiger flathead

Blue grenadier (whiptail)

Arripis trutta esper
Leionura atun
Chlorophthalmus nigripinnis

Pristiophorus cirratus

Rexea solandri

Genypterus blacodes
Cheilodactylus macropterus
Centroberyx affinis

Helicolenus papillosus

Currupiscis kumu

Usacaranx nobilis
Hoplichthys haswelli
Katsuwonus pelamis
Neoplatycephalus richardsoni

Macruronus novaezelandiae

*Generic name not identified




Table 2. Taste panel score sheet

Taste _
panel Fish Off aroma Fish Off flavor Toughness Moisture Acceptability
score aroma flavor
9 Very strong Very strong Very strong Very strong Tough Very wet Very good
7 Strong Strong Strong Strong Slightly tough Wet Good
5 Moderate Moderate Moderate Moderate Preferred texture Normal moisture Moderate
' 3 Weak Weak Weak Weak Slightly soft Dry Poor
L
5 1 Very weak None Very weak None Soft Very dry Very poor




Table 3. Laboratory experiments on FA and DMA production

DMA (mg/kg) - Estimated

Order: Family Species When mince After 30 FA (mg/kg)

: prepared days at -18°C equivalent
Myctophiformes Myctophidae Electrona rissoi 122 185 122
Symbolophorus bernardi 270 ’ 417 275
Lampanyctus australis 140 160 106
Lampanyctus intricarius 200 250 167
N Scopelopsis multipunctatus 330 - 220
P Diaphus kapalae 360 950 633
' Diaphus danae 230 290 193
Gadiformes Moridae Euclicthys polynemus 234 247 165
Tripterophycis intermedius 977 1170 780
Macrouridae Leptidorhynchus denticulatus 175 205 137
Malacocephalus laevis 377 442 295
Cetomimiformes Ateleopidae Ateleopus ' 123 117 78
Lophiiformes Ogcocephalidae Halieutaea 175 218 145

Chaunacidae Chawnax fimbriatus 390 390 260




Table 4. Description of differences in taste panel scores
between fish fingers made from washed mince, compared
to those made from untreated mince from both freshly
prepared minces and from stored minces (-18°¢)

Blue grenadier Initially the fish fingers made from washed
mince were slightly tougher but after 182 days
in store the scores for fish fingers made from
both washed and unwashed material were very
similar. After storage off aroma and off
flavor had increased, they were tougher, drier
and less acceptable (cf. Bremmer 1980).

Cucumber fish Initially the fish fingers from washed mince
had a lower aroma and flavor, were tougher,
drier and less acceptable. Storage trials
were not done.

Gemfish No real differences between fish fingers made
from washed or unwashed minces either init-
ially or after 217 days in store when they
were equally tougher, drier and markedly less
acceptable.

Ling Initially the fish fingers made from washed
mince were less acceptable but after 205 days
the ratings for fish fingers made from washed
and unwashed minces were identical. Both
were considered drier, tougher with more off-
aroma and off-flavor, and were less acceptable
than tlie initial samples.

Ocean perch Initially fish fingers from washed mince had
T ' slightly lower flavor, were slightly tougher
and slightly less acceptable, while those
from stored minces (216 days) had less aroma,
less flavor, were tougher, drier and less
acceptable. The initial slight differences
were accentuated on storage.

Silver trevally Initially those fish fingers from washed mince
had less flavor, were tougher, drier and less
acceptable, while those from stored mince (200
days) were also lower in flavor, had higher
off~flavor, were tougher and much less accept-
able, viz. the fish fingers from washed mater-
ial deteriorated to a greater extent.

Spiny flathead No difference initially but those from stored
minces (200 days) were slightly less acceptable.
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Table 5. Effects of washing minces on SEP, FFA and DMA levels in frozen storage (-18°¢)

A

Species SEP FFA DMA

: and Treatment .g/100g flesh mg/100g flesh mg/kg flesh
§ ' time in store initial final final initial final
Blue grenadier - 11.9 3.8 274 106.0 900.0
182 days washed 9.8 1. 206 48.0 410.0
Cucumber fish - 9.0 3.2 159 173.0 816.0
182 days washed 7.2 2.6 141 47.0 90.0
. : +0.15% Na25205 9.0 0.0 57 173.0 1405.0
pye Gemfish - 10.3 9.1 79 9.1 15.1
< 194 days washed 7.6 3.9 84 6.6 16.3
Ling - 7.9 3.8 62 ' 5.4 9.6
193 days washed 7.9 2.8 64 3.8 6.2
Ocean perch - 11.9 5.8 56 2.3 4.5
205 days washed 11.3 3.9 54 1.4 ° 2.2
Silver trevally - 16.1 11.9 60 4.8 9.5
217 days washed 12.2 6.7 60 1.9 3.4
Spiny flathead - . 15.5 11.4 46 2.3 4.9
196 days washed 13.3 8.9 - 41 2.0 2.5






