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EVALUATION OF FISH AND SQUID MEAT
APPLICABILITY FOR SNACK FOOD MANUFACTURE
BY INDIRECT EXTRUSION COOKING

Marek Wianecki
Agricultural University of Szczecin

Abstract. Applicability of selected marine and freshwateshfiand squid for snack food
manufacture by indirect extrusion cooking was eatdd. Formulations consisting of
various cereals and meat were extruded with a 20siyle-screw laboratory extruder
(Brabender, Germany). Meat of lean fish showedebetxtrusion characteristics than that
of fat fish, fresh fish being superior in this respto frozen fish. Washing of the fish meat
was found to enhance meat utility in extrusion éogk Myofibrilar proteins of cod
proved most useful protein fraction to extrusion.
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INTRODUCTION

Extrusion, a modern technology of processing cerezln be used for, i.a., manu-
facture of snack foods enriched with plant andfomal protein. The literature contains
reports on utilization of proteins contained in $@ans and other legumes (various peas
and beans) as well as application of buckwheatnaitidand its proteins (caseinates) to
enrich the amino acid composition of extruded protsluExtrusion of starch-containing
materials mixed with animal muscle proteins is peoiatic because of a number of
difficulties arising primarily from thermal instdlty of those formulations and from a
basic thermodynamic difference between protein stadch molecules [Yurjew et al.
1989]. The high sensitivity of muscle proteins fughtered animals and fish to dena-
turation, coupled with a loss of numerous functloprperties of protein during hot
extrusion makes it necessary to explore other,desstic, processing methods. As pro-
posed by many authors, warm extrusion (at 70 t¢@B6eems to be one of them. Ex-
trusion cooking at lower temperatures yields pelighich have an attractive, chip-like
porous structure only after they have been driedl lagated in a hot medium (oil, mi-
crowave oven). Addition of muscle protein usualgduces extrudate expansion, as
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observed, i.a., by Ko akowski et al. [1979, 1980iidg direct and indirect extrusion of
starch-krill formulae, and by Clayton [1992] and ddaand Reddy [1985] who applied
indirect extrusion to rice flour-fish meal recip@iose proteins form a kind of a film on
the starch vector, thus inhibiting its expansiohe Dther reason could also be the high
sensitivity of most protein fractions of meat cftfiand other aquatic animals to thermal
denaturation [Sikorski et al. 1994]. To reduce fisbtein reactivity with starch during
extrusion, Yamaguchi et al. [1988] suggested piietmy blending of fish meat with
ethanol. On the other hand, the high utility ohffgroteins as components enhancing the
nutritive value of extruded foods remains unquestie. Particularly useful in this
context are regular or enriched fish minces, mastufad by mechanical separation,
whereby skin and bones can be completely sepafated meat [Ko akowski 1986].
Noguchi [1989] reported that Kushiro Fish Reseaétdtion in Hokkaido has success-
fully texturised sardine meaBérdinops melanostictaSardine and defated soy flour
were mixed in a 7:3 ratio, after adjustment of wegter content to 50%, and then ex-
truded with a twin-screw extruder (Kobe TCV-50L)xtEidates had a cooked texture
like that of animal meat and different from thatodfier fish products. Choudhury et al.
[1995] try to evaluate texturisation of pink salnmmoimce obtained from fillet trimmings
using a twin-screw extruder (Clextral model BC-ZIhey concluded that the process
has been successfully used to destroy undesiratagmees and microorganisms and
develop fibrous texture in the extrudate, and tteegss will find extensive application
in restructuring or texturising food proteins t@ate protein gels, meat analogues, and
consumer — ready microwaveable frozen product.

Choudhury et al. [1998] also investigated the effenf location and spacing of
kneading elements on product attributes during tgrew extrusion of pink salmon
muscle and rice flour blends. They reported thatdjg mechanical energy, expansion
ratio, and water solubility index decreased withr@asing levels of fish solids. The
results indicated that pink salmon muscle can leddo a starchy ingredient to in-
crease protein content of expanded snack foodhputitdecreasing the desired product
attributes, by manipulation of screw configuratieith mixing element. The proportion
of milk proteins in extrudates seems to be constichiby technological reasons as well,
although those proteins are known for their reldsivhigh resistance to thermal denatu-
ration [Fornal et al. 1985, mietana et al. 1985, 1988]. Pozski et al. [1985] who
extruded formulations consisting of buckwheat, darbnd corn flours with 25% addi-
tion of milk protein, found the reduction in expamsof melt, compared to that of flour,
to be related to a lower content of insoluble $tggmtein complex which plays a sig-
nificant part in controlling the porous structure extrudates. Other authors [Szpen-
dowski et al. 1994] proposed to stabilize caseioeltés with calcium ions to enhance
the casein texturisation. The findings reportedvaballow to conclude that the addition
of animal, particularly fish, protein to formulatie intended for texturisation by extru-
sion is limited by technological constraints, butremely desirable from the nutrition
viewpoint.

The aim of this study was to apply of fish and dguieat for the production of third
generation snacks by extrusion method.
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MATERIALS AND METHODS

Materials

Starch sources.The basic components of the extrudates testedidedl starch-
containing raw materials, henceforth termed stamirces, obtained from cereals and
potatoes. The quality of the starch vectors usiete@d below) met the requirements of
the Polish standards: potato starch; Krupczatka-typeat flour; corn grits; rice; potato
puree.

Some of the starch vectors were prepared from Iseseigh that the composition of
the ground fraction was identical with the origipabduct. Grinding was performed in
an HU-1 grain grinder (Feuma, the former GDR). THagtion, separated by sieving, of
a particle size higher than that required by thigly, was re-ground and thoroughly
mixed with the already prepared fractions. Thestestre run on starch sources of parti-
cle size ranging within 750-430m.

Fish protein sources.Fresh fish: Baltic codGadus morhua callarias..), Baltic
herring Clupea harengus membras), roach Rutilus rutilusL.), and breamAbramis
bramal.) as well as frozen fish: hak&érluccius merlucciugd..), Atlantic mackerel
(Scomber scombrus.), and Baltic herringGlupea harengus membras) were used
directly or after washing with water like in surimianufacture. The fish were headed
and gutted; the carcasses were washed with watssed through an NF 13DX separa-
tor (5 mm opening diameter size) to separate nreat bones and skin, and through
a SUM 420 (Bibun, Tokyo) strainer (1 mm openingnaiger). The final product con-
sisted of finely ground meat without bones or skiss known as a MDM (Mechani-
cally deboned meat). The meat tissue always mad&0dp of the formulation by
weight, the remaining part consisting in equal prtipns (1:1:1:1) of starch vectors:
potato starch, potato puree, wheat flour, andftae.

The meat was washed twice in tap water at 8°C @amin at the weight ratio of 1:3
and centrifuged in a vertical centrifuge (Bibunkyo). The product obtained was tenta-
tively termed “surimi”. In addition, MDM was obtad also from cod filleting wastes,
the procedure used being identical to that appbeshole fish.

The squid loligo loligo L.) mantle meat was obtained by removing the skiean-
ing, and grinding in a 1 mm opening diameter grindéne squid tentacle meat was
obtained by separating the tentacles from the moattity, grinding them in a 4 mm
opening diameter grinder, and straining (1 mm apgdiameter).

The proximate composition of the components andudetd blends is shown in
Table 1.

Protein fractions. The fresh Baltic cod yielded three protein fracti@btained with
Dyer's procedure [Dyer et al. 1950]: sarcoplasmiyofibrilar, and non-soluble pro-
teins.

The sarcoplasmic proteins were mixed with NaCl stedt the salt concentration
obtained (4%) was identical to that in the remajndamples. Effects of individual pro-
tein fractions on expansion of potato starch-baselt were followed. The protein con-
centration used was 20%. The 2:1 compression ssaswsed at 50, 100, and 150 thin
rotation speeds.
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Table 1. Proximate composition of components andidgd blends, %
Tabela 1. Przybliony sk ad surowcow i ekstrudowanych mieszanin, %

Starch source Protein Fat Carbohydrate Water

No nik skrobiowy Bia ko T uszcz Sacharydy Woda
Wheat flour (“Krupczatka”) 12.2 21 74.3 10.9
M ka pszenna ,Krupczatka”
Corn grits 8.6 1.6 74.2 13.6
Kaszka kukurydziana
Rice 8.0 0.3 79.0 11.2
Ry
Potato puree 6.1 0.2 84.2 8.0

Puree ziemniaczane

Potato starch - - 81.0 18.7
Skrobia ziemniaczana

Fish — Ryby
Hake — Morszczuk 16.3 3.1 - 79.0
a 9.6 1.62 54.9 32.7
Bream — Leszcz 17.1 4.2 - 76.3
a 9.8 1.95 54.9 319
Bream “Surimi” 12.4 1.0 - 84.4
Surimi z leszcza
a 8.41 0.99 54.9 34.3
Roach-Po 19.1 34 - 75.8
a 10.42 1.71 54.9 317
Cod — Dorsz 16.8 0.3 - 81.6
a 9.73 0.78 54.9 33.4
Fresh herring —led wie y 154 8.2 - 74.4
a 9.31 3.15 54.9 31.3
Frozen herring —led mro ony 15.6 8.4 - 73.9
a 9.4 3.21 54.9 311
Mackerel — Makrela 19.0 16.6 - 62.8
a 10.4 5.67 54.9 27.8
Squid — Kalmar 17.9 1.3 - 79.1
a 10.1 11 54.9 32.7
Squid tentacles 17.5 2.0 - 78.5

Ramiona kalmara

a — blend consists of 30% fish meat + 70% starchove“Krupczatka” wheat flour + corn grits + patat
puree + potato starch; 1:1:1:1).

a — mieszanina zawierap 30% misa ryb + 70% nanika skrobiowego (mka pszenna ,Krupczatka” +
kaszka kukurydziana + puree ziemniaczane + skmbrmaniaczana; 1:1:1:1).
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Squid tentacle meat.The tests were carried out with squid tentacletrieaamount
of which was varied, at 5% increments, from 20 ®%4 The meat was combined with
two starch vectors. One was obtained by combiningy: 1) pureed potatoes, rice flour,
and the Wroc awska-type wheat flour. The other wasixture (1:1.5:0.5:0.2) of the
Krupczatka-type wheat flour, rice flour, potatorstg and pureed potatoes.

Thermal treatment of squid tentacles.Squid tentacles, separated from the mouth
cavity, were cooked in boiling water for 1 or 2 mi@s. Subsequently, they were ground
in an 4 mm opening diameter grinder and passedigir@a secondary strainer (Bibun,
Japan), equipped with a 1 mm mesh size sieve. Téda mas combined with a starch
vector consisting of equal parts of rice flour ahd Krupczatka-type wheat flour. The
meat contributed 30% to the melt weight.

Methods

Melt preparation. Starch vectors were blended for 3 min at 2890 mwifth meat
and/or water in an UMM10 processor (Stephan, Geymnd®rior to extrusion, the for-
mulations were conditioned for 1 h at room tempeeato equalize moisture, following
which they were fluffed by passing them through>a®3mm mesh size sieve.

Extrusion. The formulations were extruded on a 20 DN singlewdaboratory ex-
truder (Brabender, Germany) equipped with:

— a 19 grooved barrel (6 symmetrical 1 x 0.5 mm gropeéd/d = 20 ratio,

— three independent heating zones,

— a slit die (25 x 1 mm), screw of the compressettior 4:1; the screw rotational
speed was adjustable within 0-250 thijgontinuous adjustment),

— a PT 420A-10M-6 (Dynisco, USA) transducer covgitine pressure range of 0 to
700 kG-cr,

— the temperature profile (from the inlet) was 7B, 98°C so the exit temperature
of the melt was nearly 98°C.

During extrusion, the melt temperature, pressund,tarque were recorded by a Ri-
kadenki (Japan) recorder.

Frying. The extrudates (pellets) were fried in hot 0il§XG) for 30 seconds, where
they expanded to the final porous structure.

Determination of volume density and expansion indexThe extrudate volume
density was calculated from the volume to weighibraAn extrudate sample of about
10 or 20 g was immersed in a water-containing gagetli cylinder. The displacement
volume corresponded to the sample volume. The ekparndex () was calculated as
a ratio between volume densities of the extrudtiex and before frying.

Texture. Texture parameters were measured on an Instro® (Hrdgland) device,
using the Warner-Bratzler test (50 mm:-thiknife speed; 0 to 500 N measuring cell).
A force necessary to completely cut an extrudatepga with a single cut was recorded.
The graphs obtained allowed to read sample hardie@be curve peak). The test de-
vice was interfaced to a computer and a printegrefy a printout of the data obtained
during each series of measurements (6 to 10 régscavas produced.
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Sensory evaluationThe six panellists described the overall appearé&meur, po-
rosity, shape) and flavour of the extrudates be&oré after frying. The results are per-
formed in concise form in Table 2. Perceptible fistvour of the extrudates was non-
acceptable by the panel.

Table 2. Extrudate appearance shape and flavoarebehd after frying
Tabela 2. Wygld, kszta t i zapach ekstrudatéw przed i po snau

Raw material Before frying After frying
Surowiec Przed smaeniem Po smaeniu
Mackerel coffee-and-milk coloration; structure: light-brown colour; irregular, shell-like shape;
Makrela opaque, with matt surface, hard, streaksfoaming weak, fairly uniform; perceptible fish
on non-gelatinised flour visible flavour; few larger bubbles visible

Herring (fresh
and frozen)

led (wiey
i mro ony)

Bream
Leszcz

Cod
Dorsz

Roach
Po

Hake
Morszczuk

Squid
Kalmar

barwa kawowomleczna, struktura nieprzéarwa jasnobizowa, kszta t nieregularny, muszel-

zroczysta 0 matowej powierzchni, twardeowaty, s abe spienienie doréwnomierne, wyczu-

widoczne bia e smugi nieglowanej mki  walny zapach i smak rybi, wygtuj réwnie poje-
dyncze wiksze pcherze

dirty grey coloration; opaque surface light-brown, non-uniform colour; foaming weak with
with milk-white streaks few bubbles; perceptible fish flavour; irregulanpk
barwa szara (brudna), na powierzchni  barwa jasnobizowa, niejednorodna, spienienie s abe
ta ma nieprzezroczysta z bia ymi smuga-z pojedynczymi bblami, wyczuwalny smak i zapach
mi (mleczne) rybi, kszta t nieregularny

green-yellow coloration, slightly opaque golden to golden-brown colour; irregular, undulated

with white dots of non-gelatinised flour; shape; foaming irregular, with few larger bubbles;

wrinkled surface perceptible fish flavour

barwa zielonob ta, s abo przezroczysta barwa z ocista i z ocistobzowa, kszta t nieregular-

z bia ymi c tkami niez elowanej skrobi, ny, pofalowany, spienienie nieréwnomierne z poje-

powierzchnia pomarszczona dynczymi wi kszymi p cherzami, smak i zapach
rybi wyczuwalny

straw-green coloration; surface wrinkled,light-golden colour; shape irregular, shell-like;
glossy; cross-section shape resembling foaming inhomogeneous, more intensive

flattened three numeral on the surface; fish flavour not perceptible

barwa s omkowozielona, powierzchnia barwa jasnoz ocista, kszta t nieregularny, muszelko
pomarszczona, b yszaza, kszta t waty, spienienie niejednorodne, na powierzchni

na przekroju sp aszczonej trojki lepsze, ni wewn trz ,chrupek”, smak i zapach

rybi niewyczuwalne

straw-green coloration; surface wrinkled,light-golden in colour; foaming inhomogeneous;
slightly glossy; cross-section irregular  larger bubbles on the surface, smaller and hard
in shape inside; fish flavour weakly perceptible

barwa s omkowozielona, powierzchnia barwa jasnoz ocista, spienienie niejednorodne,
pomarszczona, lekko b yszea, ksztat  na powierzchni pcherze wiksze, wewntrz mniej-
na przekroju nieregularny sze, twarde, s abo wyczuwalny posmak rybi

well-gelatinised structure, glossy, translugolden colour; irregular, shell-like shape; no typi
cent; surface slightly wrinkled; flattened cally fish flavour; homogenous foaming

c-shaped scales barwa z ocista, kszta t nieregularny, muszelkowaty,
struktura dobrze 2lowana, b yszcza, brak smaku i zapachu typowego dla ryb, spienienie
przezroczysta, powierzchnia lekko po- jednorodne

marszczona, ksztat usek sp aszczonej

litery ¢

straw-green colour; translucent, hard,  golden colour; irregular shape; inhomogeneous
crisp, well gelatinised structure foaming: bubbles larger on the surface than inside;
barwa s omkowozielona, przezroczysta, fish flavour weakly perceptible
struktura twarda, krucha, dobrzeslbowana barwa jasnoz ocista, kszta t nieregularny, spieaien
nierbwnomierne, na powierzchnigherze wiksze
ni wewn trz, s abo wyczuwalny smak i zapach rybi

Acta Sci. Pol.



Evaluation of fish and squid meat applicability ... 35

RESULTS

Extrusion of starch vector-fish and squid meat fornulations

Fish species effectsApplicability of “warm extrusion” to texturisationf starch-
protein formulations containing fish and squid meats tested (Fig. 1). The results
obtained are summarized in Tables 2 and in Figiasd 3.

CEREALS
e.g., rice, corn
ZBO A
np. ry, kukurydza

MILLING
MIELENIE

SCREENING
and scale removal,
if necessary
PRZESIEWANIE
ew. oddzielanie usek

FLOURS, GRITS
AND GROATS
M Kl KASZKI

COMMERCIALLY AVAILABLE
FLOURS, GRITS, AND GROATS
M Kl KASZKI DOST PNE W HANDLU

l

ANIMAL PROTEIN

STARCH SOURCE
NO NIK SKROBIOWY

NO NIK BIA KA
ZWIERZ CEGO

WATER
WODA

|

|

BLENDING
MIESZANIE

MINCING
ROZDRABNIANIE

|

CONDITIONING
KONDYCJONOWANIE

PRZESIEWANIE

'

EXTRUSION
WYT ACZANIE

v

DRYING
SUSZENIE

y

EXTRUDATES
EKSTRUDATY

‘ STRAINING ‘

FRYING IN OIL
17543°C; 30 s
SMA ENIE NA OLEJU

Fig. 1. Flow chart of experimental design
Rys. 1. Schemat bada
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The highest expansion index (5.23) was recordethénsample containing hake
meat, while the lowest indices were produced byéhsamples containing mackerel
(3.11) and frozen herring (3.22).

The expansion indices of the fresh herring meatainimg extrudates were found to
be by 25% higher than those of the extrudates sontafrozen herring. The extrudates
manufactured with lean fish meat usually producgtiér expansion indices than those
containing fat fish meat.
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Fig. 2. Expansion indices of starch extrudatesaioimtg meat of various fish

species and squid (starch vector: potato meat at@puree + Krupczatka-type

wheat flour + rice flour; 1:1:1:1)

Rys. 2. Poréwnanie stopnia ekspansji ekstrudatombsbwych z udzia em
mi sa poszczegélnych gatunkéw ryb i kalmara (ilo skrobiowy: mczka

ziemniaczana + puree ziemniaczane kanpszenna ,Krupczatka” + rka ry-
owa; 1:1:1:1)

Meat of the fat fish (herring, mackerel) provedfidiflt to texturize; uniform and
continuous extrusion could not be achieved. Theudste leaving the die showed well-
gelatinised sections (about 20 cm long), followed dections with white smudges
gradually blending with those having uniformly foaghstructure. That was a result of
the primary expansion: the melt was momentarilypgéal, overheated, and expanded
when leaving the die (Table 2).

The expansion indices of those extrudates congisguid meat were lower only
than those produced by the hake meat-supplemeatediss. However, certain excep-
tions from that rule occurred: lower fat contenergvaccompanied by higher expansion
indices. For instance, the roach meat-containirngudates showed expansion similar to
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that obtained in cod meat-containing samples. ®ie meat, having fat content higher
than that of cod, produced expansion indices higlyestbout 36%. The data show also
that the expansion index depended not only on thatrat content, but also by func-
tional properties of proteins. It cannot be ruled that the high expansion of the hake
meat-containing extrudates was related to theih laiglehyde contents. Merlucid meat
is known to be very susceptible to protein croskitig during frozen storage. In addi-
tion, extrusion of melt containing lean fish andiisgmeat proceeded uniformly at sta-
ble torque and pressure (Fig. 3).
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fresh herring— led wie y|  }——
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squid — kalmar

hake —morszczuk [}
o
hake — morszczuk b

mackerel — makrela F—
P, at

mackerel — makrela

frozen herring— led mro ony|  }———
squid — kalmar -

frozen herring — led mro ony

Fig. 3. Torque (A) and pressure (B) of starch veetdrusion with meat of various fish species
and squid

Rys. 3. Poréwnanie wartci momentu obrotowego (A) i aiienia (B) w czasie ekstruzji nai-
kéw skrobiowych z misem rénych gatunkéw ryb i kalmara

Comparison of meat and “surimi” addition effects. The relationship between ex-
pansion index and amount of meat added to the flations tested is illustrated in
Figure 4. The changes depended primarily on the ofstarch vector used. An increase
in the amount of meat was observed to slightly geaihe expansion index of the extru-
dates containing the first starch vector, thoseuetes containing the other vector
showing a clearly reduced expansion index.

The results point to the importance of a starchioreased for creating porous struc-
ture in fried extrudates. Addition of animal praeteisually reduced expansion, which
was particularly evident in the samples containpuge potato starch. Changes in the
expansion index in relation to the amount of meatdescribed by the following linear
regression: y = 5.95 — 9.6 1&, R* = 0.969, =0.005, - significance level.
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y = 0.0613x + 3.2567
R? = 0.9025

y =—0.096x + 5.948
R?=0.969

y =-0.0573x + 4.0501 A

Expansion index — Stopie ekspansji

R?=0.7924
2
o
y = 0.0134x + 1.686
R?=0.1071
0 5 10 15 20 25 30 35 40 45

Meat content, % — llo mi sa, %

Fig. 4. Effects of melt meat content on starch-giroextrudate expansiok  — corn grits
+ rice flour (1:1) + bream mea”A - corn grits éeriflour (1:1) + bream “surimi'® —
Krupczatka-type wheat flour + rice flour + potateah + potato puree (1:1.5:0.5:0.2) +
squid tentaclesD — potato puree + Wroc awska-typeat flour + rice flour (1:1:1) +
squid tentacles

Rys. 4. Wp yw iloci mi sa w mieszaninie na stopiekspansji ekstrudatéw skrobiowo-
-bia kowych: A — kaszka kukurydziana + ka ry owa (1:1) + miso z leszczap -
kaszka kukurydziana + rka ry owa (1:1) + surimi z leszcz@® - ka pszenna Krup-
czatka + mka ry owa + mczka ziemniaczana + puree ziemniaczane (1:1,5;2)5%0
ramiona kalmaraD) - puree ziemniaczane karpszenna Wroc awska + ka ry owa
(2:1:1) + ramiona kalmara

A trend towards reduced expansion with increasimgunt of meat added was ob-
served in the samples containing bream meat. Thet owntent was varied, at 2.9%
increments, from 6.4 to 24.4%. The starch vectedusas a 1:1 mixture of corn and
rice grits (both having particles smaller than 1 )nithe formulations to be extruded
showed identical moisture content (28% wi/w).

Increasing bream meat contents in the extrudatesfetand to decrease the expan-
sion index of the latter. The bream meat additrmréase from 6 to about 24% resulted
in the extrudate index decrease from about 4 toTh@ relationship is best described
by the following linear equation: y = 4.05 — 5.71?0) R = 0.792, = 0.01.

A similar relationship was obtained when corn gwisre mixed with meat and cod
“surimi” made from filleting wastes. The resultddF5) failed to demonstrate any bene-
ficial effect of meat washing on extrudate qualiihe samples showed a higher density
and a worse expansion, compared to those contaimwgshed meat.

Acta Sci. Pol.



Evaluation of fish and squid meat applicability ... 39
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—@— meat—mi so
= SUrimMi — surimi

Expansion index — Stopie ekspans;ji
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Meat content, % — Zawarto mi sa, %

Fig. 5. Effects of cod filleting waste meat andisiuion extrudate ex-
pansion

Rys. 5. Wp yw dodatku mséa i surimi z odpadéw pofiletowych dor-
sza na stopieekspansji ekstrudatéw

This was perhaps related to a fairly high TMAO euwtin the cod meat and to a
possible loss of functional properties by protesnbjected to the formaldehyde cross-
linking [Ko akowski 1986]. Clayton [1992], who stied indirect extrusion of rice flour
with addition of washed and dewatered cod meat,otstnated that extrudate expan-
sion following thermal treatment decreased withréasing meat content, regardless of
the heating method applied.

Extruded were also starch-protein mixtures withabre'surimi”. As opposed to the
addition of bream meat, the bream “surimi” suppletagon increased the expansion
index from 3.46 to 4.53 as the “surimi” contentre@sed from 5.1 to 18.1%. The starch
vector consisted of a 1:1 blend of corn and ridées,gooth with particle sizes smaller than
1 mm. The surimi content in melt was varied, a@2i6crements, from 5.1 to 18.1%, the
moisture being kept constant (about 28% wi/w). Thedt composition and the extrudate
properties are summarized in Tables 3 and 4 aRkdjure 4. The extrudate expansion was
observed to increase with surimi content. The imlahip can be described with a linear
regression equation as: y = 3.26 + 6.13 £0R? = 0.903, = 0.005.

The results allow to presume that myofibrilar piage contributing most to the
surimi, are more amenable than unwashed meat toriation by extrusion. Mineral
salts, fat, non-protein substances, and water-Eolptoteins combine to reduce the
extrusion texturization effect. Their removal byg.ewashing them away, as is the case
in the surimi manufacture, improves extrudate egpan
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Table 3. Summary of data on bream meat-containitrg@ates
Tabela 3. Zestawienie wynikow dla ekstrudatow zatkiém mi sa z leszcza
Bream MDM Percentage — Procent
MOM z leszcza 0 64 95 126 156 185 214 244
a 1 2 3 4 5 6 7 8
Volume density before frying  0.732 0.704 0.720 0.719 0.747 0.734 0.740 0.728
Obj to waciwa +0.03 +0.02 +0.04 +0.02 +0.03 +0.04 0.04 +0.02
przed smaeniem
cnt-gh =
Volume density after frying 2841 2856 2423 2536 2222 2112 1933 2110
Objto waciwaposmaeniu +0.19 +0.18 +0.08 +0.50 +0.24 039 +0.02 +0.10
cnt-gl, £ o
Expansion index 3.88 4.06 3.37 3.53 2.98 2.88 2,61 2.90
Stopie ekspansji
Hardness before frying 134 109 118 135 86.5 132 89.7 113
Twardo przed smeeniem 559 +31.3 +449 +288 1314 +86.8 +257 +81.8
N, i n-1
Hardness after frying 49.1 50.6 50.1 49.4 475 48.2 56.6 54.8
Twardo po smaeniu +98.1 +142 +13.7 106 £12.8 +954 83 £17.6
Nv + n-1
MDM — mechanically deboned meat.
MOM — mechanicznie odkostnione rao.
Table 4. Summary of data on bream surimi-contaiextgudates
Tabela 4. Zestawienie wynikow dla ekstrudatow zadkiém surimi z leszcza
Bream surimi Percentage — Procent
Surimi z leszcza 0 64 95 126 156 185 214 244
a 1 2 3 4 5 6 7 8
Volume density before frying 0.685 0.710 0.709 0.712 0.751 0.715 0.716 0.685
Obj to waciwa +0.028 +0.018 +0.03 +0.02 +0.13 +0,01 +0.05 +0.028
przed smaeniem
cnt-gh =
Volume density after frying 2269 2457 2741 2786 2929 2928 1242 2269
Obj to waciwaposmaeniu +0.11 +0.06 +0.11 +0.13 +0.29 +0.10 +0.38 +0.11
cntegl, £ o
Expansion index 3.312 3461 3.866 3.888 3.900 4.100 4528 3.312
Stopie ekspansji
Hardness before frying 100 103 167 159 131 147 149 100
Twardo przed smeeniem  +29.0 #21.3 573 +96.2 156.9 406 +195 +29.0
Nv + n-1
Hardness after frying 40.0 42.0 43.0 46.0 51.0 55.0 58.0 40.0
Twardo po smaeniu +15.2 +8.1 +9.8 +16.0 +9.2  £10.6 +94 £152

N| *
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The extrudates were tested (the Warner-Bratzle)y tes hardness before and after
frying. Before frying, the extrudate hardness véneidely, depending on the surimi
content. After frying, the variability was much rawer, the hardness showing a slight
tendency to increase with the surimi content (TaBland 4).

Protein fraction addition. The relevant results are shown in Figure 6. Ndokde
protein produced lower expansion indices, theiu@albeing independent of the screw
rotational speed. The remaining fractions yieldeghér expansion indices, the highest
values being obtained with myofibrilar proteinsl@80-150 rpm speed.

6

Expansion index — Stopie ekspansji

3 T T T 1
0 50 100 150 200

Rotational speed, min™ — Pr dko  obrotowa, min™
=—O=— myofibrilar protein (actomyosin) — bia ka miofibrylarne (aktomiozyna)
—8— non-soluble protein — bia ka nierozpuszczalne (stroma)

== sarcoplasmic protein; starch vector: potato meal
bia ka sarkoplazmatyczne; no nik: m ka ziemniaczana

Fig. 6. Effects of rotational speed on expansiorstafch extrudates supple-
mented with cod meat protein fractions
Rys. 6. Wp yw prdko ci obrotowej na stopieekspansji ekstrudatéw skro-
biowych z frakcjami bia ek mga dorsza

The results provide evidence on differential susbéjpy of various proteins to tex-
turization by extrusion. Myofibrilar proteins of dgroved most amenable to extrusion,
yielding support to earlier findings from the bre&urimi’-supplemented samples.

Effects of initial thermal treatment. Expansion indices produced by extrudates
containing cooked and raw squid meat were compdretial thermal treatment was
found to only slightly increase the post-frying arpion. The highest expansion index
was that shown by a sample containing squid meatpoked for 2 min.
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The results are summarised in the following arrameye:
Cooking time, min  Expansion index
0 3.87 £0.012
1 3.93 +0.047
2 4.11 +0.076
Differences between the samples were statistisaiyificant at = 0.05.

DISCUSSION

The research described showed warm extrusion tapp#cable in manufacture of
starch-protein extrudates containing fish and squieht. The extrudate quality de-
pended largely on the meat fat content. Lean fislvgd more amenable to extrusion,
expansion of the extrudates obtained being hidteer that recorded in samples contain-
ing fatty fish meat. Extrusion of the first proceddmore smoothly and uniformly.
These results and observations concur with thos&adfl [1981], Wiedmann and
Strobel [1986], and Park et al. [1993] who founduged expansion to accompany in-
creasing fat contents. This is presumable a resudtmylose-lipid complex formation
and shearing strength reduction on extrusion.

Protein enrichment was found to reduce expansiod,ta increase hardness, of the
extrudates, which was also observed by other asifhamietana et al. 1985, Yamaguchi
et al. 1988]. However, washed bream meat addedstarah vector increased the extru-
date expansion, compared to samples lacking thditiaal Thus, fish meat myofibrilar
proteins may be regarded as more amenable to iEation than complete muscle pro-
teins. This could be taken as evidence of an imapbrtole of sulphur bridges in protein
texturisation.

Results reported by Paton and Spratt [1984], whieddjluten to wheat starch to in-
crease extrudate expansion, provide a certain gpdtothose observations. It can be
thus concluded that, in addition to fat, water-bt#uproteins — both of plant and animal
origin — reduce extrudate expansion, while myofdorprotein of animal meat and vital
gluten are a well-extrudable material.

Testing for effects of initial thermal treatment expansion of squid tentacle meat-
containing extrudates showed initial cooking forta® min to have slightly (by about
6%) increased the extrudate expansion. That was pnobably related to an increased
content of myofibrilar proteins, resulting from $&s of non-proteinaceous substances
on cooking. The role of collagen thermolysis, fismiing protein-starch interaction,
cannot be ruled out.

As measured with the Warner-Bratzler test, the-frgstg extrudate hardness de-
creased with decreasing expansion index. Additibrbaith bream meat and bream
surimi increased the post-frying extrudate hardness

CONCLUSION

To sum up, it can be concluded that most of thenahprotein vectors tested proved
applicable in manufacture of starch-protein extteslaby warm extrusion cooking.
Effects of those vectors on the final product gyatiepended on fish species, methods
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of meat separation and preservation, and methodstaf processing used. Lean fish
supplied meat of better extrusion parameters thafigh, fresh fish being superior in
this respect to frozen fish. Fat was found to ¢jesrduce the extrudate quality, while
washing of fish minces improved their applicabildg components of formulations to
be texturized by warm extrusion.
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OCENA PRZYDATNO CIMI SARYB I KALMARA
DO PRODUKCJI YWNO CITYPU ,SNACK FOOD”
METOD EKSTRUZJI PO REDNIEJ

Streszczenie Sprawdzono przydatno mi sa wybranych gatunkéw ryb morskich i s od-
kowodnych oraz kalmara do wytwarzaniavno ci typu ,snack food” metod ekstruzji
po redniej. Wyt aczano mieszaniny mfych surowcéw zb@wych z misem za pomoc
jedno limakowego ekstrudera laboratoryjnego typ 20DN {rader RFN). Miso ryb
chudych by o lepszym materia em do ekstruzji od trystych, a ryby wie e od mroo-
nych. Przemywanie nsa wyranie poprawia o jego przydatno do przerobu metod
ekstruzji. Spor6d przebadanych frakcji bia kowych rea dorsza najbardziej przydatne
do ekstruzji okaza y sibia ka miofibrylarne.

S owa kluczowe:ekstruzja, ryby, kalmar
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