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SUMMARY 

The edible flesh of fish can be recovered by 

meat/bone separating machines . These machines recover the 

f l esh by tearing and s hearing actions, forcing the f l esh 

through a perforated drum in a f orm resembling minced meat . 

A portion of the protein in fish flesh, a s in meat 

and poultry , is sal t soluble. If s ome of this protein is 

solubilised in the presence of salt , the protein forms a sol. 

When this sol is heated, a gel is formed . The gel is u sed in 

thi s development to hold the mince particles together, giving 

the product its structure. Th e structural characteristics of 

the gelled product are s hown to be modified by ad.ding varying 

amounts of salt, water and polyphosphate . These properti e s 

are applied to developing a heat gelled or restructured product 

wit h textural characteristics s imilar to cooked fish fi llet . 

The eating quality of the restructured product 

depend s largely upon the quality of the raw material s u sed 

in its production . Th e quality of samples of f i s h i s tested, 

and the h eating operat ion used in t h e restructuring process 

is s hown to r educe the number of bacteria in the product 

considerably. Quality standard s are proposed. 

Storage of product prepared from trevally is shown 

to be difficult due to the development of rancidity in fatty 

fish. The exclus ion of oxygen from the product is found to be 

the most effective means of prolonging storage life. 

A pilot plant is d evelope d for the production of the 

restructured product . The restructure d product is modified to 

suit t he continuou s process, whilst retaining the desired 

textural characteristics. A manufacturing process is proposed, 

ils operation based on the pilot plant. 



SECTION I 

Introduction 

Recovery of edible flesh by_meat/bone separators 

The production of fish paste products auch as Kamaboko 

(fish paste) and chukawa (fish sausage) is an ancient tradition 

in Japan, and it is only recently that the industry has 

developed into a mass production enterprise (Tanikawa 1963). 

To produce the quantity of boneless, ground fish required for 

this industry, the Japanese have developed a rang e of machines 

by which the material can be processed, and an appropriate 

technology to ensure quality standards are met. These develop­

ments have proved to be very successful, and the principles 

developed by the Japanese are now being adopted by a number of 

industries throughout the world. 

The success of the meat/bone separation machines is 

largely due to their versatility, and the high yields of edible 

fish flesh that can be recovered. Using this process most 

species of fish will yield 55% of edible material (King and 

Carver 1970), although flat f i sh may yield as little as 25% 

(Tanikawa 1963) and species such as Blue Marlin may yield up to 

70% edible fish (King and Carver 1970). 

Working with fish caught off the coast of New Zealand, 

Sorensen (1971b), found that the yield of edible fish flesh 

recovered depended on the species of fish, and varied seasonally. 

In every case it was shown that processing the fish by machines 

yielded more . edible fish than traditional processing methods 

(Table 1: t'): 
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TABLE 1:1 Compari son between yields of machine recovered fish 
and fish filleted by hand 

Machine Hand Operation ( skilled knifehand) 
Species 

Recovery 
fillet recovery Skinned & Boned 

( %) ( %) fillet (%) 

Snapper so - 54% 31 - 37% 25 - 32% 

Gurnard 51 - 53% 40 - 44% -
Trevally 52 - 56% 42 - 46% 19 - · 22% 

Barracautta so - 54% 40 - 44% -

In addition to the high yields of edible materials 

recovere d from headed and gutted fish, work has al so been done 

to recover edible flesh from fish frames or f i sh scrap remaining 

after filleting. Sorensen (197 2) reported that an additional 

19% could be recovered from snapper by processing the frames 

after f illeting . King and Carver (1970) reported similar r esults 

from a variety of fish including ocean perch, pollack and cod. 

The high yield of edible flesh recovered from all 

speci es of fish, and the ability of the machine s to process a 

wide variety of fish without special fixtures or adjustments has 

already h ad an impact on the New Zealand industry. Two 

companies are currently u s ing meat/bone separators to process 

species of fish which woul d otherwise be under utili s ed . 

Barr acautta, previously difficult and uneconomic to process, 

l argely due to its bone structure, is now use d in the production 

of slabs for use in fish finger processi n g {Slack 1973) . 

Simil arly, recovered treval ly fi l l et is useQ in products such 

as fish cakes (Sorensen 197 1b) . 

I t is not kno,m how much fish has been dumped overboard 
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from New Zealand fishing vessels, · although it was r~ported in 

1966 (Anon . , 19 66) that as much as 200 tons of trevally, kahawai 

and red cod were dumped overboard each month . In addition to 

the dumping of conunercially recognised fish is the dumping of 

fish caught incidental to the main catch. A survey by a 

Japanese research vessel off the east coast of New Zealand showed 

that a number of fish not u sed conunercially at present were 

suitable for Su r umi ( ground fish) production . 

Uses for Ground Fish Flesh 

Althoug h a market doe s exist f or Surumi in Japan, 

current prices are not attractive, and the quality demanded by 

Japane se importers would require t he Surumi to be processed only 

from premium quality fish. Thus uses must be found for the 

product either in New Zealand or Australia . 

Ground fi s h f l esh has been u sed in fish cakes, canned 

fi s h products (King and Carver 1970), fi s h luncheon sausages, 

savoury fish bites and fish burgers (Sore n sen 1971b). The 

material has also been u sed to produce the fish sausage described 

by Thomas (19 66) and in Surumi-type fish fingers (Achjolbe r g 

1971, Slack 1973). In addition it has been used as a binder in 

fi s h loaf or jellied roll type product s (Le arson et al 1969 , 

King and Carver 1970) and has been used in the preparation of 

simulated s h e ll fish product s (Learson et al 1971). 

Sandwich, or hors d'oe uvres type of spreads have also 

been proposed, and King and Carver (1970) cite a cas e for 

institutional or commercial mass feeding, where the aim is to 

produce a nutritive menu at a low cost. These workers claim that. 

preliminary tests suggest that it is possible to include freshly 

prepared machine separate d fish flesh with ground beef in r ecipes 



such as hamburgers, sloppy joes, meat loaf and spaghetti with 

meat sauce. A beefless frankfurter was also proposed . 

Marketing of Processed Seafood Products 

Market surveys in New Zealand (Nielsen 1971) and 

Australia (van Dijk 1971) on frozen f ish products indicate a 

strong demand for fish fingers (fish s ticks) and fish portions. 

In view of the U. S. fish stick production increase of 16.9% in 

1972 (Q.F.F.1973) it would appear that this trend i s likely to 

continue. 

Compounded products such as fish cakes on the other 

hand, appear to have more limited appeal. This can be seen in 

Table 1:2, listing local retail sal~s of fish fingers, frozen 

fish fillets and fish cakes for the twelve months ending July 

4. 

1971. (Other figures for New Zealand are not available, and the 

local sal es trend is not known). 

TABLE 1:2 Sales of frozen uncanned fish products in New Zealand; 
for 12 months ending July 1971 

Product Sales Volume Retail value % Of Grocery 
(lbs . OOO) ( $ .OOO) Turnover 

Fish fingers 1404.7 1093 . 3 0.45 

Fish fi llets 427.3 335.8 0.14 

Fish cakes 85.6 56.0 0 . 02 

(Conde n sed from Niel sen Report, 1971) 

Having established the importance of the fish finger 

and the frozen fish fi llet market, it is necessary to understand 

why consumers prefer these products. A survey carried out by 

Heylen Research Centre (1972) showed that people have an image 

of what a fish finger should be, ·and have expectations associated 
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with this image. It appears tha-t; a fish finger should contain 

11 white f l esh 11
, and have a 11 real fish f l avour 11 , and a 11 moist 11 

and 11 fine 11 texture. Similar crit~ria can be expected for all 

products traditionally processed from natural fish f i llet. 

Fish fingers can be processed directly from frozen slabs of 

ground fish (Sorensen 1971b, Schjolberg 1970, and Slack 1973), 

and such products are currently sold on the New Zealand Market 

( Slack 1 9 7 3 ) . 

Consumer reaction to fish fingers processed from 

ground fish was evaluated from a survey condu cted by the Heylen­

Research Centre (1972) on behalf of J BL Seafoods Limited. 

Three fish fingers were evaluated on a comparative 

basis: 

(1) Smoked fish fingers prepared from g round fish; 

fish content 72% 

(2) White f i sh finger prepared from groW1d f i s h; 

fish content 72% 

( 3) White fish finger prepared from fish fillet; 

fish content 50% 

Results from this survey suggest that the smoked fish 

finger did not have the characteristics expected of fish fingers . 

This p roduct was commonly associ ated with f i sh cakes. A 

comparison between the two white fish fingers revealed the 

overriding importance of textural characteristics in fish 

products . Although the fish finge r s prepared from groW1d fish 

were p ref~rred for their flavour, the overall preference was 

with the product prepared from natural fish . The appeal for 

thi s product was l argel y due to its texture, which was described 
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as 11 real fish 11 with a 11 light 11 , 11 fine" texture. In addition 

the texture was noted to be 11 moist 11 , 11 juicy 11 and 11 succulent 11 • 

The products prepared from grow1d .fish on the other hand, were 

described as "tough 11 , 11 chewy 11 , 11 heavy 11 and 11 dry 11 • Some people 

disliked the product being 11 minced 11 , and .others considered the 

product to be "like sausages 11 • 

An . indication of the value placed on the texture of 

the product was found by a "propensity to purchase" test carried 

out during the survey . It was shmm that most housewives 

cons ide r ed fish fingers prepared from fish fillet to be a better 

buy at 69c per 1 0 oz pack, than fish fingers prepared from 

ground fish selling at 58c for a 10 oz pack. 

Products prepared from skinned and boned fish fillet 

pose a number of problems to the producer. Skinning and boning 

fish is a s low and laborious process, and during the peak of the 

season, factories do not have the time or the staff to handle 

large quantities of fish in this way . Furthermore, the low yields 

and high labour content result in high costs, and despite the 

premium paid for products prepared from skinned and boned fillets, 

the proposition is not financially attractive. 

Restructured Flesh Products 

The foregoing discussion outlines the problem faced 

by the fishing industry, and it is noted that the use of the 

meat/bone separation process to recover high yields of edibl e 

flesh can be of great benefit to the industry. On the other 

hand, it i s also appreciated that products prepared from fish 

fillets are most desirable from a marketing point of view. To 

satisfy both of these requirements, it would be necessary to 

reprocess the recovered flesh to simulate a form that resembles 
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and has the t extural qualities associated with fish fil l et. 

For the purpose of this thesis, such a process wil l be 

referred to as II restructuring" . 

The principl e of restructuring flesh materi als 

depends upon the binding together of individual particl es to 

fo r m a continuous mass . The binding is achieved by dissolving 

a portion of the myofibrillar proteins by t h e action of salt 

( sodium chloride), and forming a 11 sol 11 , which is very adhesive 

(Tanikawa 1970). When this adhesive mixture is heated, the 

s ol converts to a gel, forming a ternar y network prote in 

structure enclosing particles of ground f i sh . 

Using this principle, a number of different concepts 

have been proposed in the l iterature on restructuring flesh 

products . Unilever ( 197 1) in a patent application for 

restructuring ground fish , meat and poultry, describe a system 

whereby fibrous material is laid parall e l and i ntimately bound 

together by the addition of c omminuted meat components . The 

textured component c ontains separate meat muscl e f i bre bundles 

(le ngth 2 - 50 mm), fat (1 - 40%) , salt, water and addi t ives 

such as he rbs, farinaceous or other vegetabl e material and 

vegetable protein . The alignment of the textural components is 

achieved by extrusion with orientation of fib re bundles and is 

consolidate d by freezing or heat coagulation. 

Work has al s o been done on the binding together of 

cubes of meat. Schnell et al (19 70) found that cubes of chicken 

could be bound together by the action of heat to form chicken 

loaves. These workers found that the amount of fluid e xpressed 

during cooking was inversel y related to the amount of binding 
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achieve d . Sodium chloride and food grade phosphate compositions 

were reported to reduce t h e f luid expressed, and thereby 

a ssi sted the binding properties of t he meat cubes . A process 

of tumbling meat cubes has also been described ( Anon . 1971) . 

Tumbling the meat is said to produ ce optimum protein activation, 

r esulting in excellent binding and reduce cooking losses. 

Somme r ( 1969) describes a process in which pieces o f moist 

meat are worked for 20 - 25 minute s , to release prote in 

substances to the surface of the meat where binding i s effected . 

This process h as a l so been used by Sorense n (197 2) in the 

preparation of fish finger s l abs . Torr (1970), Gilbert (1971) 

and Wilcox and Hafstead (19 69 ) all describe variations of the 

process whereby sal t is u sed to extract myofibrillar prote in 

from pie c es of animal or poultry meat, cuusing them to become 

tacky, and then forming the pieces into a coherent mass and 

coat ing with an external binder. 

Fenters and Ziemba (1971) describe a process in which 

boneless meat i s cut into flakes instead of being g round, t h e 

flakes being knitted together subsequently during blending. 

The blende d meat is frozen, tempered, then machine pressed 

into loaves r eady to be s liced or cubed. The authors claim that 

the restructured meat can be u sed in various forms, including 

stews and casse roles, and that it will not disintegrate on 

cooking. 

Processes have also bee n described where introduced 

binders are used to hold together the pieces of meat. Binde rs 

propose d include fish protein (Learson 1971), plant protein, 

caseinate, skim milk powder and egg albumin (Torr 1970). 
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SECTION II 

Theory on the Nature of Binding in Meat Particle s 

Note : The term "meat" is used.in this section for the sake 

of continuity with publishe d work. The principles discussed 

apply e qually to meat, fish and poultry. 

The binding of meat is a heat initiated reaction, as 

meat in its raw fo r·m does not show binding to any extent 

(Vadehra and Baker 1970). Hamm (1966) studied the changes 

which occur in meat protein during cooking, and found that the 

helical portion of the protein molecules in meat unravel to 

form randomly organised chains. These chains become linked by 

the formation of hydrogen and ionic bonds. In this work Hamm 

(1966) reported that the n ature of the coagulum formed depends 

on the pH and ionic strength of the medium. Added phosphates 

are also known to affect binding, and their addition to meat 

products may increase or decrease the binding strength, depending 

on the salt concentration in the product. 

Where it is desired to increase the binding strength 

in meat products beyond that which can be achieved by gelling 

the naturally soluble meat protein, binders such as starch 

(Tanikawa 1970) and vegetable proteins (Vadehra and Baker 1970) 

have been u sed . 

To understand the nature of t h e reactions which occur 

during the formation o f meat gels in the binding process i t is 

necessary to be familiar with the composition and the structure 

of meat and meat proteins . 

Composition of Meat 

Skeletal muscle contains approximatel y 76% water, 18% 
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proteiri, 3% fat, 1% gl ycogen and 2% salt (Lawrie 1966). The 

muscle proteins are further divide d into the myofibrillar and 

sarcoplasmic proteins, and the connective tissues as shown in 

Tabl e 2:1. 

The structure of meat 

(a) Macro- s tructure 

The essential unit of all muscles is the fibre. The 

muscle fibres are held in place by a system of connective 

tissue. Surrounding each fibre is the endomysium,connective 

tissue less than 5 microns thick (Be ndall 19 65). The 

endomysium fuses into the perimysium which groups the fibres into 

bW1dles. The size of the muscle fibre bW1dles determines the 

texture of the muscl e. (Hammon 1932, Wills 1960 cited 

Lawrie 1966). In muscles capable of finely adjusted movements, 

as in those which operate the eye: the muscle fibres are fine , 

whereas in those per forming grosser movements the bundles are 

large. 

Muscle bundles are in turn held in place by the fusion 

of the perimysium with the epimysi um, a h eavy sheath of conne ct­

ive tissue which surrounds the muscle as a whole . The epi mysium 

blends into massive aggregates of connective tissue, known as 

tendons, by which the muscles are attached to t he skel eton . 

Connective tissue includes f ormed elements and an 

amorphous ground sub stance of mucopolysaccharide in which the 

formed e lement s generally are embedded. 

· The formed elements consist of (a) f ibres of collagen, 

which are straight, inextensible and non-branching; (b) elastin, 

which i s elastic, branching and yellow in colour; and (c) 

reticulin; which resembles collagen, but i s associate d with 



TABLE 2: 1 Chemical composition of typical Adult Manunalian 
Muscle after Iligor Hort is but before Degradati ve 
changes Post- Mortem (pe r cent Wet Weight) 

(After Lawrie 1966) 
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Water % 75-5% 

PROTEIN 

Fat 

SOLUBLE 

NON 
PROTEIN 

SUBSTAN­
CES 

Myofibrillar 

Sarcoplasmic 

Mitochondrial 

Sarcoplasmic 
reticulum 

Sar co lemma 
Connective 

t i ssue 

Nitrogenous 

Carbohydrate 

Inorganic 

(myosin, tropomysin, 
(X protein 
(actin 

7.5 

2 . 5 
,--

(myogen, globulins 
(myoglobin 
(haemoglobin 

(cytochrome C 

~collagen ) 
( ) 
( ) 

) 
~elastin ) 

11 reticulin 11 ) 

~insoluble enzymes) 

(creatine 
( inosine monophosphate 
( di,- and tri­
(phosphopyridine 
(nucleotides 
( 
( amino acids 
(carnosine , anserine 

(lactic acid 
(glucose-6-phosphate 
( 
( 
(glycogen 
(glucose 

(total soluble 
(phosphorous 
(potassium 
(sodium 
(magnesium 
(calcium 
(zinc 

5.6 
0.36 
0 . 04 

ca0.002 

2.0 

% 

0.55 
0 • . 30 

0 . 07 

0.35 
0.30 

0. 90 
0. 1 7 

0.02 
0.35 
0.05 
0.02 
0.007 
0.005 

Traces of glycolytic intermediates, trace metals, 
vitamins, etc. ca0.10 

18 .0% 

3.0% 

3-5% 



substantial quantities of a lipid containing myristic acid. 

(b) Micro-Structure 

Muscle cells, or muscle fibres, are lo.ng, narrow, 

multinucleated, and may stretch the entire span of the 

muscle, attaining a length of 34 cm,. althoug h they are only 

10-100 fm in diameter (Walls 1960, cited Lawrie 1966) . 

Surrounding each cell, and lying beneath the endomysium is a 

sheath, call ed the sarcolenuna , a double membrane structure, 

12. 

with membranes 50-60 i apart (Robertson 1957, cited Lawrie 

t966). Within the sarcolenuna sheath are the myofibrils which 

are surrounded by a fluid phase, the sarcoplasrn. I .n the 

sarcoplasm are found certain formed structures, the ntltochondria 

or sarcosomes, the sarcoplasmic lipid bodies and the 

sarcoplasrnic reticulum or tubular system, as well as dissolved 

or suspended substances of t he glycolytic cycle. The muscle 

cell nuclei are generally found just beneath the sarcolemma. 

The structure of the muscle f ibre is such that the 

myofibrils, 1 or 2 microns thick, (Bendall 19 65 ) are separated 

from one another by the fine network of tubules of the sarco­

plasmic reticulum, which meet at poiP-ts along each fibril to 

f orm the so call ed triads, from which transverse tubules pass 

from one fibril to another, until they come i n contact with 

the sarcol emma . The sarcoplasmic reticulum transmits chemical 

changes arising as a result of nervous impulses from the 

sarcol enuna to t he individual myofibri ls. 

The myofibrils are considered to be composed of two 

sets of f ilaments, each forming a h exagonal array, running 

parallel to the axis of the muscle fibre ( Gergely 1970) as 



sho¼~ in Figure 2:1. The distance between two adjacent Z 

lines is the functional unit o f the myofibril and is known 

as the sarcomere (Lawrie 1966). 

13. 

FIGURE 2:1 Above: Schematic representation of· three sarcomeres 
in L.S . as seen bv electron microscope . 
Thick lines are myosin filaments and the 
thin lines actin filaments . 

Below: Diagramatic representations of T.S. throug h 
the A branch at tl1ree oints one beina the 
H zone taken fr om Lawrie 1966 
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The thick set of fi laments are called myosin fi l aments, 

and are built up of myosin molecules, arranged head to tail as 

shown in Figure 2:2. The heads, which are made of heavy 

meromyosin, appear on the filament as projecting feet with a 

sixfold screw axis of symmetry, whereas the tails of light mero­

myosin serve to bind the filaments together • 

. In the filaments, the feet are 429 R apart in each 

row. At the centre of each myosin filament in the A band, 

t here is a bare patch without feet, and it is here that the 
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backbone molecules of light meromyosin from each half filament 

are bound together (M band) (Bendall 1966). 

FIGURE 2 : 2 Aggregation of myosin and arrani2:ement of 
heavy meromysin pro,-; ections 

(a) Schematic representation of 
filament formation. Note reversal 
of polarity on either side of 
the centre (cited Gergely 1970; 
from Huxley 1963) 

(b) Helical arrangements of 
projections on myosin filaments 
deduced from X-ray data 

143~ ( ~ ~ 

~~ 
(cited Gergely 1970; from 
Huxley and Brown 19 67). 1 ~ ] 429 '.( 9 ,=,. 

The thin sets of actin filaments with a thickness of 

70 i were once thought to consist purely of a double chain of 

globular G- actin monomers, h elically arranged so that the pitch 

of the he~i~ i s about 700 i, there being 13 monomers per turn 

with a spacing of about 55 i (Bendall 1965, 1966). More recent 

work by Ebashi, Endo and Ohtsuki (1969) has shown that 

tropomyosin and troponin also are contained in the structure of 

the actin filaments at the so called Z line. The actin 

filaments from each half sarcomere are joined together in this 

region in a complex criss- cross fashion (Bendall 1966), to 

g ive the greater density observed at this point on electron 

micrographs. 



A model for the fine structure of the filament 

i s shown in Figure 2:3. 

FIGURE 2:3 A model for the fine structure of the thin 
filament (cited Maruyama and Ebashi 1970) 

Troponin Tropomyosin 

Properties of Muscle Proteins 

1s. 

The proteins of muscle can broadly be divided into 

three groups : those which are solubl e in water or dilute salt 

solutions (sarcoplasmic proteins) those which are soluble in 

moderately concentrated salt solutions (myofibrillar proteins) 

and those which are insoluble in concentrated salt solutions, 

at least at lower temperatures (proteins of connective tissue 

and other formed structures). 

The sarcoplasmic proteins 

The sarcoplasmic proteins (myogen and globulins) are 

now known to represent a complex of about 50 components, many 

of which are enzymes of the glycolytic cycle. Most of these 

components belong to the class of albwnins (Bendall 1965), have 

isoelectric points between pH 6 and 7, and molecular weights in 

the range o f 30,000 to 100,000. Many of them are easily denatured 

under mild acid conditions (pH 4.5). 



(a) 

The Myofibrillar proteins 

Myosin 

16. · 

Briskey and Fukazawa (1972) describe the myosin molecule 

as a slightly rigid rod, approximately 1600 R in length, and 

20 R in diameter, with a thickened bulbous end of somewhat 

variable diameter, although most reported values are in the 

range of 30-60 R. The tail of the molecule appears to be a 

helical coil of two-polypeptide chains. The two super- coiled 

L-helical segments of this tail of the molecule stabilize 

each other by strong side chain interactions along most of 

their length. 

Myosin has for the past twenty years been regarded 

as being composed of two major fragments; the light (LMM) and 

heavy (HM:t-1) meromyosins. These products can be formed by 

splitting the peptide bonds near the centre of the rods by 

tryptic digestion (Gergely 1950; Szent- Gyorgyi 1953, cited 

Briskey and Fukazawa 1972). 

The Keilly- Harrington model (19 60) which proposed 

that the molecule consisted of three- polypeptide chains folded 

over at the e nd wher·e the molecule is thickened has been 

questioned by Perry (1967) . More recently Lewey, Slayter, 

Weeds and Baker (19 69) s howed that the myosin molecule consists 

of two major polypeptide chains which run the entire length 

of the myosin molecule (Figure 2 : 4). Proteolytic enzymes are 

able to split the complex at two points, thus producing the 

original L-helical fragment, L-meromyosin, a second highly 

helical fragment, subfragment- 2, and two rather g lobular 

particles that carry the adenosine triphosphatase activity and 

the ability to coml:-ine wi th actin. 



FIGURE 2:4 Schematic rieprescntntion of the myosin mol e cule. 
The numbers in purcnthcsi s i ndicate mole cular 
weights . T·.vo lia;ht chcd.ns a re indicated, one 
adjacent to 0nch U:HH S_-1 . (Ci ted Gergely 19 70) 

Myosin (500,000) 

The adenosine triphosphatase enzyme carried in the 
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HMM S-1 i s activated by calcium ions, and inhibited by magnesium 

i ons. The ATPase activity has pH optima of 6. 4 and 9 . 2, 

activity of the latter being nearly twice as great as the former . 

These enzymatic properties are sens itive to changes in 

t emperature and in pH, and can be modifi ed by the addition of 

a ?ariety of reagents. 

(b) Actin 

Globular actin (G-actin) has a molecular wei g ht of 

about 50,000 and has t h e shape of a spher e ( Briskey and 

Fukazawa 1972). The molecule appears to be about 55 R i n 

diameter and contain s approximately 450 amino acid re s idues . 

G-actin contains one molecule of ATP and one mole 

of tightly bound divalent metal - per mol e of monomer. The 

mol ecul e of ATP i s availabl e to enzymes and r eadily exchanges 

with ATP of the medium. The divalent metal may be either Ca or 

Mg, or may be a mixture of both. Evidence s uggests that the 

presence of the nucleotide (ATP) and the divale n t metal 



contribute to the stability of globular form. 

On the polymerization of actin monomers to form the 

fibrous aggregate of F-actin, ATP is dephosphorylated to · ADP 

with the liberation of phosphate. As sh01m in Figure 2: 5, 

the degree of polymerization is directly proportional to the 

moles of ATP dephosphorylated. 

FIGURE 2 :5 Polyme rization of G-actin on addition of sal ts 

ATP ADP ADP ADP 

Me++ Me++ Me++ 

The nucleotide and the metal ion are exchangable 
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in the globular form, but quite stable , both kinetically and 

thermodynamically, in the fibrous form. The roles of the 

nucleotide and the bound metal are not clear as polymerization 

of actin can take place in vitro in the absence of one or both 

of these. 

( c) L-actinin 

L- actinin was originally discovered by Ebashi and 

Ebashi (1965), and has since been found to consist of light, 

intermediate and h eavy components with sedimentation 

coefficients of 6, 10 and 28 s respectively (Briskey and 

Fukazawa 1971) . The work of Briskey et al (1967) and Musaki 

et al (1967) indicates that L-actinin is probably located at 

the Z band and appears to be associated with the extensive cross-· 

linking found at that point (Briskey and Fukazawa 1971). In 

support of the possible associative effects, it has also. been 

shown that L- actinin binds to F-actin and L-actinin tightens 
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the suspension of F-actin during superprecipitation. 

( d) Tropomyosin 

Tropomyosin, which was discovered by Bailey (1946 , 

1948), has similar solubility properties to myosin, and the two 

proteins are also similar in amino acid composition and in 

their iso-electric points (Briskey and Fukazawa 1971). 

Tropomyosin resembles LM'M in structure, being close to 100% 

~-he lical. The main difference between myosin and tropomyos in 

is that the latter has no _ATP-ase activity. 

Briskey and Fukazaw·a ( 19 71) reported that tropomyosin 

extracted from rabbit is characterised by the following : 

( 1) The formation of highly polymerized viscous s olutions 

at neutral pH and in the absence of salts . 

(2) Reversible depolymerisation upon the addition of 

dilute salts . 

( 3) Molecular asymetry exceeding 20. 

(4) Resistance to the denaturation effect of organic 

solvents and acid pH . 

Leki et al (1962) showed that tropomyosin is bound 

to F- actiri in an approximately stoichiometric ratio. It has 

also been shown that the viscosity of F- actin is greatly 

influenced by the addition of tropomyosin (Drabikowski and 

Gergely 1962). 

( e) Troponin 

Troponi n and tropomyosi n are now known to form a 

complex previousl y cal led "native tropomyosin 11 • Among the 

structural protei ns, troponin is the only one with the ability 

to bind Ca++, a capacity that is not modified by the presence 



of tropomyosin, F- actin, myosin or ATP ( Briskey and 

Fukazawa 1971). Tropomyosin and troponin are complexed with 

G-actin in the formation of the thin F-actin filaments. 

Troponin can a l so modify the F- actin str ucture but only 

indirectly through the mediation of tropomyosin as discussed 

in the next section. 

20. 

Hartshorneand Mueller (1968, 1969) separated troponi n 

into A and B fractions. According to these workers troponin 

A is the Ca++ receptive protein and Bis an inhibitor of the 

Mg++ activated adenosine triphosphatase activity of actomyosin. 

( a) 

Interaction of the Myofibrillar Proteins 

Muscle functions in vivo 

It has been well established that the interaction of 

myosin and F-actin in the presence of Mg ATP plays ar.. 

essential role in the molecular mechanism underlying muscular 

contraction (Maruyama and Ebashi 19 71 ) . Nervous stimulation 

of the sarcomere is transferred via the tubules to t h e 

sarcoplasmic reti culwn which releases Ca++ ions t hus initiating 

a sequence o f reactions which cause myosin and F- actin to 

interact. 

Orig inally it was thought that the interaction of 

myosin and F-actin was directly influ enced by the ability o f 

Ca++ ion s to free ATP from i ts magnesium complex, and to 

activate myo s in-ATPase (Lawrie 19 66) . It ha s now be en f ound 

that t he contractile process i s regulated directly or indirectly 

by the so called "regulatory proteins", troponin and tropomyo s in 

( Maruyama ·and Eb a shi 1970) . These workers found that in the 

absence o f Ca++, troponin exerts an inhibiting effect on t h e 



interaction of F-actin and myosin in t h e presence of Mg ATP. 

It is now considered that the release of Ca++ from the 

sarcoplasmic reticulum removes t h is ;inhibition, t hus allowing 

the interaction to occur between F-actin and myosin , when 

activated by the splitti ng o f ATP and ADPase. 

In addition to i ts direct regulatory function, it 

i s suggested that troponin also controls the interaction of 

myosin and F-actin by modifying the structure of F- actin 

(Eba shi and Endo 1968 ; Ebashi, Kodama and Ebashi 1968). 

It appears that troponin w1dergoes a Ca++ dependent conform­

ational change which effects a modifying action on F- actin 

structure in the presence o f t ropomyosin. 

After contraction, relaxation normally occurs. 
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Whereas the contractile proteins of muscle contai ning adequate 

Ca++ (bound on troponin) contract in t he presence of ATP and 

ATPase ; it has been found that if part of t he Ca++ is removed , 

relaxation occurs (Marsh 19 61). The removal o f the Ca++ i s 

controlle d by the "relaxing factory", a f unction organised as 

an aspect o f the sarcoplasmic r eticulum, and sometimes referred 

to as the Marsh-Bendall factor after Marsh (1952). I t has 

bee n suggested that in controlling the environmental Ca++ , the 

relaxing factor indirectl y controls the amount of Ca bound to 

the thin myofibrillar filaments (Mars h 19 66) . 

More recently r e l axation has been described in terms 

of an antag onism b etween myosin and troponin (Webber 19 70) . 

According to this author, t h e degree of antagoni s m i s dependent 

on the binding of Ca++ to troponin on one hand, and to the 

binding of ATP to myosin on the other. When the ATP concent r­

ation i s so low that the binding of ATP to myosin is less than 



20% of the maximum possible the re ls no antagonism, and 

i ndependent of the Ca++ concentration, relaxation cannot 

occur. 

Over the range of increasing ATP saturation of 

myosin ( 2-50 f M) the interaction with actin decreases to a 

mi.nimum if troponin is free of Ca++;· but the binding of only 

++ 
1 Ca ion per troponin molecule i s effective in overcoming 
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this inhibition of interaction. Under conditions where myosin 

is fully saturated with ATP, however, two sites avail able on 

the troponin molecule for Ca++ ion complexing must be saturated 

to overcome the antagonism and to allow any significant 

activation of myosi n adenosine triphosphatase by actin to occur. 

(b) Post Mortem changes 

Consideration of post mortem change will be confined 

to modifications which occur in the myofibrillar proteins during 

the conditions commonly referred to as r igor mortis and 

" ageing 11 • For an overall view of post mortem change, the r eader 

is referred to Bendall (19 60) , Cassens (1966) ; Newbo l d (19 66) ; 

Lawrie (1 966) and Goll et al (1970). 

Rigor mortis has been described as the condition in. 

the post mortem muscl e which causes the shortening or contr­

action o f the muscle fibre. The shortening of muscles on 

opposite sides of the same bone resul ts in a sti ffness or 

rigidity in the carcass (Goll et al 1970), and has been 

observed to coincide with the depletion of ATP and the formation 

of lactic acid due to the anaerobic glycolytic cycl e (Bendall 

19 60, Lawrie 19 66 ) . Af ter the ATP falls to 10- 20% of its 

initial level, irreversibl e actomyosin bonds are formed 



(Bendall 1960) and the muscle becomes inextensibl e ( Gol l 

et al 1970). 
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Shortening of post mortem muscl e i s caused by the 

contraction of a relatively small proportion of the myofibrils 

( Bendall 19 60), and the isometric tension l asts only ·while 

ATP i s available as an energ y source. The degree of shortening 

is i mportant when muscle is considered as a source of food, 

because it is r e lated to the tenderness o f the meat (Lawrie 

19 66). In muscles which pass through rigor morti s in an 

extended condition , myofibrillar fi l aments overlap and cross­

bond at fewer points, and t h e amount of actomyosin formed is 

small. Such meat i s tender on cooking . On the other hand when 

the deg r ee o f shor tening i s high, and the mus cles pass through 

rigor mortis i n a contracted condition, there is much cross­

bonding and the meat is relativ e ly t oug h on cooking. 

The degree of shortening is known to be temperature 

dependent , and meat p assing into rigor mortis at low temperatures 

is known to undergo more sever e shortening . Under conditions 

of e xtreme s hortening , t h e water holding capacity of the meat 

may also be adversely a ffected (Lawrie 19 66) . 

Th e i nfle xible state of the mus cles , u l timately 

achieved on the completion of rigor mortis has been ascribed to 

the cross linkages between actin and myosin filaments in the 

absence of ATP. Newbold (1966) s uggested that under post mortem 

condi t i ons, the nature of these cross l inkages is d i fferent to 

the contractil e bonds in vivo . More recently Goll et al ( 1970) 

suggests that the troponin- tropornyo s in complex is either 

broken down during rigor morti s, or the complex in t h e post 



mortem form is unable to confer Ca-l+ sensitivity on the 

actin-myosin interaction . It is inferred that without the 

regulatory proteins, the actomyosin reaction cannot be 

controlled, and relaxation of actomyosin is not possible. 
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Ageing, which foll ows the onset of r i g or mortis, 

results in the muscle becoming increasingly pliabl e , but 

r emaining inextensible (Lawrie 1966) . Earlier work in this 

field ( Lmvrie 19 66) suggested that these changes were due to 

the effect of proteol ytic enzymes still active in t h e muscl e, 

and due to bacterial spoilage. :More recently it has been 

reported ( Goll et al 1970) that t h e myofibrillar proteins 

undergo at l east two specific a l terations during post mortem 

storage ; ( 1 ) A loss of Z- line stru cture , and in some c ases, 

complete removal of both the Z-line and t h e M-line, and 

(2) modification o f the actin-myosin interaction . The suggest­

ion that the actin-myosin interaction is modified i s supported 

by the evidence that ageing results in a 20-80% increase in the 

actomyosin adeno sine triphosphatase activity, and at the same 

time, r esults in t he increase sen s itivity of t h e actin-myosin 

complex to dissociation by ATP. This suggests that pyrophosphates, 

which have the ability to increase the water holding capacity . 

in meat by the dissociation of actomyosin (in a simil ar way to 

the dissociation by ATP), would be most effective when use d 

in prope rly aged meat. 

( c) Interaction in I sol ation 

1. Myos in 

Extracted and purified myosin is known to underg o two 

distinct types of aggregation (Perry 1967), depending on the 

ionic strength and the pH of t h e medium. 
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(i) The aggregates are formed spontaneously at a 

molecular concentration of less than 0.35M. 

This is a r eversible process, and the aggregates 

are several molecul es thick , and may be many 

molecules long. The size of the aggregate i s 

dependent on the pH and the ionic strength. 

(ii) Aggregates are also formed spon taneously at a 

high molecular concentration (above O.SM) in the 

physiological pH range, but appear to be 

irreversible in nature. This process is probably 

associated with tertiary structural changes and 

the loss of biological activity. The aggregates 

are generally much smaller than those formed at 

low ionic strength . 

Actin 

The addi tion of salt to G-actin effects immediate and 

rapid aggregation of the monomers to form F- actin. The trans­

formation of G- to F-actin appears to take place by the poly­

merization of a globular mol ecule into a linear aggregate with 

the form of a double helix (Briskey and Fukazawa 1971) . The 

strands are intertwined in a regular manner, so that cross over 

points occur at 360- 370 i intervals. Although troponin and 

tropomyosin have been sh own to associate with actin in t h e 

natural f ibre, they do not appear to be requ.ired for polymer­

ization to occur. 

The rate of polymerization is governed by the salt 

concentration, and the degree o f polymerization is inve rsely 

regulated by the salt concentration. Thus the velocity of 
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of polymerization is maximal at a potassium chloride or a 

sodium chloride concentration of 0.1- 0 .1 5M, a further increas e 

in the concentration of the salt cau~cs a decrease in the 

extent of polymerization, until eventually it is abolished . 

3 . Aci..in-Myosin 

The interaction between actin and myosin can assume 

various forms , depending on the conditions under which the 

proteins are combined . Under conditions of high salt concent-

ration - about 0 . 5M potassium chl oride there is an increase in 

viscosity (Bendall 1965, Gergel y 1970, Briskey and Fukazawa 

1971); at low salt concentration ( 0 . 1- 0 . 15M), resembling that 

prevai ling in living muscle - a fine s u spension is formed 

( Gergely 1970) . 

Briskey and Fukazawa ( 1971) consider t h e viscosity 

change as the establishment of cross-bridges between actin and 

myosin fi l aments, whilst Bendall (1 965 ) attributes the high 

visco sity formed in the presence of a high ionic con centration 

to t h e fo rmation o f the so called arrowh ead structure. In this 

mode l it is envisaged that the change in properties, on the 

formation of actomyosin, is due to t he bonding of the HMM heads 

o f the myosin molecules to each pair of monomers along an F- actin 

c h a in of indefinite length, with t he LMM tails of the myosin 

molecules sticking out into the solution, g iving a high viscosity, 

and a wide range of molecular weigh ts. 

Th e reaction involving t h e formation of actomyosin i s 

endothermic ( Briskey and Fukazawa 1971), and the viscosity of 

actomyosin decreases as the temperature fal l s . In addition i t 

has bee n demonstrated (Wood 1951) t hat s u perpreci pitated acto­

myo sin dissolved more rapidly at o0 c than at 25°c. 
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When the salt concentration is reduced to below 0.ISM, 

solutions of actomyosin form gels ( Bendall 1965) . On the 

additio.n of ATP to the gel, the inunediate effect is the classical 

superprecipitation, first observed by Szent-Gyorgyi in 1942. 

ATP has a two-fold effect when added to the gel ; the 

first, to loosen the actomyosin bonds and to allow myosin and 

actin molecu~es to s lip freely past one another; that is, a 

plasticizing effect; the other, as an energy source for the 

physical change during superprecipitation, when ATP is converted 

to ADP by the enzymatic centres on myosin. For the plasticizing 

effect alone, Mg ions are obligatory and Ca ions must be rigidly 

excluded. For the superprecipitation effect, traces of Ca ions 

must also be present to activate the enzymatic centres, allowing 

the free energy of the splitting process to be used in the 

physical change. 

Relationships between Binding Quality of meat products, 
and the Myofibrillar Proteins 

The importance of the myofibrillar proteins to binding, 

or to the tensile strength produced in heat coagulated meat gels, 

was clearly established by Fukazawa et al (19 61 a, b) who found 

that the removal of actomyosin from a model muscle system resulted 

in a gel formation with no binding quality. Conversely, it was 

found that the removal of the water soluble proteins from the 

model did not greatly affect the binding strength. These 

findings were supported by Nakayama and Sato (1971 b), who 

reported that the reduction of the actomyosin content in 

experimental gels corresponded to a weakeniag in gel strength. 

The binding properties displayed by actomyosin are 

thought to be largely due to the myosin fraction. Sato and 
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Nakayama (1971 b) noted that the binding quality of heat set 

actomy o s in gel increased with myosin concentration. Fragmen t ­

ation of myosin revealed that heavy .mcromyosin ( HMM) had little 

inf luence on heat gelling in systems composed o f stroma and 

myofibrillar proteins, ·a l s o light meromyosin on its own ( LMM) 

showed no effect on the heat-gelling properties. This s u ggests 

that the whole molecule of myosin i s required for the develop­

ment of the binding properties and t hat the' use o f proteolytic 

enzyme s in the production of heat bound products s hould be 

avoided. 

Fukazawa et al (1 96 1 a) f ound that F-actin itself 

exerts little i nfluence on t he heat- gelling properties of a 

system, although when in the form of actomyosin it appeared to 

be usef ul i n stabilizing the system. This is supported by 

Samej ~ma et al (19 69) who f ound that F- actin i mproved the gel 

strength when complexed to myosin. Nakayama and Sato (1971 b), 

working with actin/myosin models, also founcl. that the binding 

quality was dependent on the ratio of actin to myosin. In 

addition, these workers found that t h e binding quality was 

increased by the addition of tropomyosin to the system. 

Role of Sodium Chloride in the Binding of meat 
systems 

Salt (sodium chloride) has been found to be an 

essential ing r edient in products such as sausages (Lawrie 19 66) , 

kamaboko (Tanikawa 1963, 1971) and reconstituted product s which 

depend on the presence of actomyosin for their binding charact­

eristics (Sommer 1969 , Torr 1970, Galbert 197 1 , Wilcox and 

Hafstead 1968). The role of salt in such systems is to solubili ze 

and effect the extraction of the myof ibrillar proteins from the 

intracellular milieu. On the bas i s of the manufacturing process 
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for s ausages it may be supposed t hat only a portion of the 

myofibrillar proteins are dissolved before heat processing. 

The sausage texture will then depend·ou the solubility and 

extractability o f the sal t s oluble proteins ( Samejirua et al 

1969). In most processing operations, the extraction of the 

salt soluble proteins is assisted by mechanical agitation such 

as tumbling , mixing and grinding . 

In addition to the formation of gels necessary for 

binding , the incorporation of sal t in corruninuted meat products 

is important_ in enhancing the. water holding capacity ( Lawrie 

19 66) . The binding strength of the gel formed on heati ng and 

the water holding c apaci ty are very closely correlated 

(Vadehra and Baker 1970), suggesting t hat both properties are 

dependent on t he formation of the salt - actomyosin complex. 

The mechanisms by which sal t solubilizes the myoribr­

illar protein is not altogether clear. Work done on isolated 

systems ( f oregoing discussion) indicates that whole myosin mus t 

be solubilised and that actin i s involved in t he form of a 

stabilizer. Ohashi et a l (1970) suggest that on the addi tion 

of salt, metal ions are partially released from the muscle 

proteins and the steric structure o f the prote in is relaxed. 

This coul d help to explain the hig h osmotic pressure which 

results when salt is added to muscle tissue (Lawrie 1966). 

Effect of Pho s phates 

A number of workers ( Nakayama and Sato 1972, Fukazawa 

et al 1961 c, Vadehra and Baker 1970 ) have reported that the 

addition of phosphates have a beneficial effect on the binding 

strength of meat gels . Fukazawa et al (19 61 c) found t hat the 
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effect of phosphate s was dependent on the pres ence of salt. 

It ·was concluded that the ionic strength in cured meat maintains 

a condition such that the muscle structured protein is drawn 

out throug h the snrcolemrna of the ·muscle cell, and t hat such 

action may be promoted by the action of phosphates. 

The effect of pho s phate has also been found to be 

dependent on the condition of the myofibrillar proteins. That 

is, in the native state , the effect of phosphates is to assist 

in the extraction of the overall content of the myofibrillar 

protein. On the other hand, if the proteins are denatured, 

the effect of phosphate is due only to an increasing extraction 

of light meromyosin (LMM). As LMM does not greatly influence 

the binding strength in heat gelled systems, it is suggested 

that if the proteins are denatured, phosphates may benefit the 

water holding capacity, but not the binding strength of the gel . 

In a comparison between the effec tiveness of phosphates, 

Fukazawa et al (1961 c) found that only pyrophosphates had the 

ability to solubilize denatured fibri l s . In natural fibrils it 

was found that pyrophosphate had the greatest effect , and that 

tripolyphosphate was ~ore effective than hexanIBtaphosphate . 

Bendall (1954) suggested that the effect of most 

pho s phates is largely due to one of an ionic strength and pH; 

whereas that of pyrophosphate was due to the splitting of 

actomyosin into actin and myosin. This view has b een confirmed 

by Fukazawa et al (19 6 1 c) who found that actomyosin was 

dissociated by the additi on of pyrophosphate, but not by the 

addition of other phos phates . The ability of pyrophosphates to 

split actomyosin has also been reported by Nakayama and Sato 

(1972) , who found that the effect of pyropho.sphate was similar 
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to that of ATP. Whe n either of these components were added 

at pH 7.0 to unheated minced meat sol, t h e binding strength 

was increased in the heated gel, as shown by an increased 

strain at the bre aking point and an increased h ardness of the 

gel . 

Effect o f pH on binding quality 

The effect of pH i s similar to t hat of both salt and 

polyphosphate in that binding i s dependent on the solubilization 

of the myofibrillar proteins . Using the Least Concentration 

End point (LCE) Trautman (1966) found that the relationship 

between pH and the binding gel str ength characteri stics is 

high ly signi ficant . The results obtained with pre rigor porcine 

muscle are plotted a s a family o f curves (Figur e 2 : 6) 

representing five heat t reatments f rom 18°c to 41°c , and show 

that the best LCE was f ound between pH 5.7 and 6 .0. 

FIGURE 2 : 6 Effe ct of pH and temperature on the Least Conc ent­
ration End point of a pre rigor percine mus c l e 
extract containing water soluble and salt soluble 
proteins ; heat treatmen t for 30 min. 
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Similar results were ol>tained f or post rigor muscle, 

where the optimum LCE was found between pH 6.0-6.3. This 

indicates that there is an optimum pH range in which s oluble 

proteins give a more rigid gel . This conclusion was also 

reported by Vadehra and Baker (1970), who suggested optimal 

binding values for poultry meat were between pH 6.0 and 7.0. 

Hea t Coagulation of myofibrillar proteins 

The colloidal-chemical changes observed during 

heating are mainly a result of the coagulation of myofibrillar 

proteins. Hanun (19 66 ) suggests a mechanism of heat denaturation 

of nruscle tissue as follows: 

0 0 
Between 35 C and 50 C the actomyosin molecules are 

unfolded. At about 35°c coagulation begins, caused by the 

aggregation of the unf olded molecules and accompanied by the 

formation of new relatively unstable cross linkag es. Between 

50°c and 70°c the unfolding as well as the coagulation continued . 

In thi s temperature range a tight protein network linked by 

relatively stable bonds i s f ormed. This process i s possibly 

due to new hydrogen bonds, to some disulphide - sulfhydryl 

exchange, and/or to interactions between nonpolar side chains. 

Although unfolding and coagulation are closely 

related, it should be noted that in not every case does unfolding 

of the peptide helix proceded the coagulation. 

Changes relating specifically to the alteration of a 

salt solubilized solution to a stable gel upon heating could not 

be cited, although it is possible that the mechanism described 

above could occur in solutions, and thereby form a network 

structure of protein molecules as described by Tanikawa (1971). 



SECTION III 

Experimental Work on Binding in Restructured Fish 

Introduction 

Edible f i s h is recovered by the meat/bone separator 
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in the form of shredded flesh and has an appearance similar to 

mincemeat . The machine removes the flesh from suitable materials 

by pressing and tearing actions, forcing the flesh through the 

perforated drum. The effect of this action is to rupture a 

proportion of the cellular material, squeezing out large 

quantities of moisture and soluble substances, includi n g proteins, 

salts and blood pigments. 

The fish mince recovered .by this process may therefore 

be regarded as a dispersion of small discrete particles of flesh, 

surrounded by a fluid phase. If the product is steamed in this 

form, · no binding occurs, and free moisture collects in the 

bottom of the ~ooking vessel . 

When the mince is beaten , as in a high speed mixer, 

the external phase becomes tacky. In this form free moisture 

is bound in and the dispersed particles become more difficult 

to separate out, apparently because of the binding of the 

external phase on to their surface. Heating the product in this 

form results in the external phase forming a gel, which binds 

the product together. 

The work reported in this section deals with the 

binding characteristics of heat gelled fish mince . The effect 

of mixing in variolls amounts of salt, phosphates and water to 

the mince prior to cooking are evaluated from studies of the 

mechanical properties of the gelled product. 
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Fish Naterials 

Much of the experimental work reported in this 

section was carried out from June to August, and fresh fish 

could not be obtained. Thus, a large proportion of the fish 

used was drawn from frozen stock processed some six months 

previously in Auckland, and transported to Massey University 

by refrigerated transport. This was not always satisfactory, 

and on a number of occasions the fish sent down for the 

experimental work was lost en route, or arrived in an unusable 

condition. 

The effect of this is that some of the experiments 

were carried out using trevally and, the rest u sing gurnard. 

The results indicate what fish ,vas available at the time. 
r 

Although actual results varied between the two species 

as shown in Table 3:2 the changes due to different treatment 

were consistent. 

Preparation of Samples 

The samples ,vere based on 150 g fish mince, other 

ingredients being added as indicated in each experiment. Each 
. ' 

sample was mixed for 90 seconds at high speed in a Kenwood Chef 

mixer using a 11 K11 beater . The mixture was then filled into a 

90 mm diameter glass petri dish, and allowed to equilibrate for 

24 hours at o0 c in the chiller . Following this the samples were 

cooked by steaming at atmospheric pressure (100°c) for 20 

minutes. 

The internal temperature during steaming was measured 

using a Varian millivolt recorder, with the thermocouple fitted 

through a hole drilled in the petri dish with the junction 



placed in the centre of the sample. The temperature profile 

for thi s steaming process is g iven in Fi gure 3:1. 

FIGURE 3:1. Temperature profile, showing the temperature of 
the centre of a test sample during steaming 

u 
0 

100 

80 

60 

40 

20 

0 

0 5 10 15 20 25 30 35 40 

Time (min.) ) 

After cooking, the sample Has allmved to cool, then 

stored in the chiller overnight before testing . 
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The tests were carried out in triplicate on plugs 

taken from the sample with a No . 12 cork borer. The p l ugs were 

cut to a height of½ in. before testing. Thus the test sample 

was the shape of a cylinder 0.5 i n . high and 0.7 in. in diameter. 

Test Equipment 

The textural characteristics of each sample were 

evaluated by compression test using an Ottawa Texture Measuring 

System (OTMS) . This system of texture measurement is based on 

an electricall y powered press fitted with a force transducer to 

detect the force necessary to deform a sample . The transducer 

output is passed on to an amplifier which in turn feeds the s i gnal 



FIGURE 3:2 Schematic diagram of the Ottawa Texture 
Meas uring Sy stem 
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to a strip chart recorder. 

The instrument used in this work was fitted with a 

Strainsert (454 Kg) model FLIU-2SG load cell, with a specified 

+ accuracy of - 0.25%, Due to the effects of the amplifier and 

+ the recorder, the final reading is specified at - 0.38% accuracy . 

Tests were carried out with the sample placed on a 

solid base. Force was applied using a 20 cm2 ram installed in 

the load cell. The operation of the texture measuring instrument 

u sed under these conditions is illus trated in Figure 3:2 . 

Instrument Setting 

The variable speed control was set at zero, giving a 

ram speed of 0.725 nun/ sec. The instrument was run on single 

cycle control, causing the ram to return automatically after it 

had reached the limit of its stroke, 20 mm above the platform. 

Th e amplifier sensitivity control was set at 20% and 

the recorder was operated at an input level of 5 mv, This gave 

a full scale deflection across the chart for 10 lb force. 

The chart speed was set at 5 sec/inch ( 0. 2 inch/ sec). 

Output on Chart Recorder 

When samples of restructured fish were tested on the 

OTMS, with the settings adjusted as outlined above, the resultant 

curves obtained on the recorder were all variations of t h e 

typical force versus deformation curve s hown i n Figure 3:3. 

Th e force required to deform a sample can be read 

direct ly from the vertical axis, which i s divided into ten 

segments on the chart paper. The instrument settings used thus 

indicated an incremental force of 1 lb per segment . 



The horizontal axis was calibrated in terms of 

def ormation by the use of a multiplier matching the chart 

speed to the ram speed : 

Percent d f t . 1 x ram speed x 100 % e orma ion = . o 
height of sample x chart speed 

where 1 is the length along the chart in inch es 

The chart speed, ram speed and the height o f the 

sampl e were all kept constant throughout the experiment. 

Substituting for these constant values equation (1) becomes: 

Percent d eformation = l X 0 . 725 X 100 
0.5 X 5. 08 

= 1 X 28.5% 

Interpretotion of Results 

The f o rce versus deformation curve ( Fi g . 3:3) 

represents the deformation produced by applied f orces. The 

d eformation of the sampl e passes through its elastic phase 
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( 1) 

( 2) 

(A-B) to its yield point at B. The region in whi ch the sample 

i s rupturing i s due to the effect of shearing forces occurs 

between Band c. Beyond C, where the curve begins its steep 

upward s lope , there is increasing resistance to the compression 

of the fragmente d sample, the f orce applied causing it to spread 

over a widening area . This l atter portion of the curve was 

found to be highl y variable, and data from it was not use d. 

This variability was conside r e d to arise from the random nature 

of the fragmentation . 

Sections A-Band B-C of the upward s loping curve 

were eval uated in t erms of three variabl es, Youngs Modulus 

(resilience); Average Break Force (strength) and the Deg r e e of 

Breakage (crumbliness) of the product . 
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Youngs Modulu s of the Product Prior to Rupture 

The ratio of the tensile stress to tensile strain is 

known as Youngs Modulus, and is a constant for stresses less 

than the elastic limit of the material. In this work Youngs 

Modulus was used as an index of the resilience of the product 

during the initial compression stage. 

The ratio was evaluated directly from the curve, by 

measuring the slop8 of the straight portion of the curve . 

This was done by projecting this straight portion as a line 

AB' ( Figure 3 : 4) . A line AG was then drawn along the hori­

zontal axi s 1 in. long, and a perpendicular l ine from G was 

drawn to cut AB ' at E' . The value for E' could be read 

directly from the chart in pounds weight, and was the force 

required to give a displacement of 28% (from Equation (2)). 

FIGURE 3 : 4 Evaluation of Youngs Modulus 
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Having found E .1 Youngs Modulus can be calculated 

in standard units as follows : 

By definition 

stress 
Youngs Modulus= strain 

= Force . 
Deformation Area of sample · 

The point E 1 i s defined as the force required t o 

g ive a 28 . 5% deformation ( Figure 3:4); when t h e area o f the 

sampl e is 0.384 in. 2 (0.7 in. diameter). 

By substituting these values in Equation (3) 

Youngs Modulus= E = E 1 x 0.135 lb/in. 2 

2. Average Break Force 

( 3) 

The yi eld point, or t h e point at which the sample 

conunences to rupture, was found to be very difficult to 

measure or define on a t ypical force versus deformation curve 

(Figure 3: 3). For this reason an Average Break Force was 

use d instead . 

The Average Break Force wa s taken as the point o f 

that port ion of the curve during which rupture of the sample 

occurs ; that is, B-C. This was mo s t readily done by drawing 

a line C-F parallel to AB 1 at a tangent to the point C 

(Figure 3:5). The mid point of the curve r epresenting the 

rupture phase (M), was determined, and the force at t h is point 

taken directl y from the chart in pounds force. 
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FIGURE 3:5 Evaluation o f the Average Break Force 
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3. Degree of Breakage 

The crumbliness or the Degree of Breakage of the 

prod~ct i s an important textural characteristic which was 

found to vary with different treatments. The degree of 

crumbliness was found to be related to the deformation which 

occurred from the yield point to the point where the curve 

begins its steep upward s lope. This deformation can be 

measured in inches directly f rom the chart, as shown in 

Figure 3:6, by measuring the distance b etween the perpendic­

ular projection from the base to the inflections on the curve. 

The Degree of Breakage can be calculated as a percentage 

as follows: 

Degree of breakage 

From Equation (2) 

= Distance ~am moved during rupture 
Sample height 

Degree of breakage = Break distance x 28.5% 



FIGURE 3 : 6 Evaluation of the break di s tance 
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Textural Characteristics of Cooked Fish 
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Trevally f illets were placed in a pyrex steamer and 

steamed for 20 minutes. Samples of the fillet were taken after 

it had cooled and then stored f or 24 hours in the chiller at 

o0 c. Test plugs of t h e fish were taken with a No. 12 cork 

borer. The s amples were cut to a height of 0 . 5 inches, g iving 

a cyl inder 0.7 inches in diameter and 0.5 inches h igh. 

The plugs of fish were tested on the OTMS in t he 

u sual manner, a typical curve obtained is shown in Figure 3:7 . 

These curves i ndicate that the textural characteristics 

of cooked f i sh are s lightly different to those of the restruct­

ured sample (Figure 3:3). Very l ow forces are required to 

bring about the initial rupture o f the test sample, the value 

being slightl y higher across the sample than along the sample . 

Deformation of the sample causes the f ibres to break apart 
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from one another, and be spread over the surface of the 

platform. The increasing resistance of the product to further 

deformation is in part due to the spreading of the product 

over a wide area , but also indicates that although the cooked 

fish is readily broken into fibres, the fibres themselves are 

not easily broken down as compacted by compression. 

FIGURE 3:7 -Typical forc e versus deformation curve for 
steamed trevally fillet 
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Although the textural characteristics of the fish did 

not conform to a force versus deformation pattern typically 

found for the restructured product, values for the three 

variables outlined above could still be d etermined. The 

average values of three samples are given in Table 3:1, 

and serve as a guide as to what is required in the restructured 

product. 



TABLE 3 : 1 Textural Characteristics of Cooked Trevally 
Fillets in Terms of Youngs Modulus, Average 
Break Force and The Degree of Breakage 

Classification Mean Value 

Youngs Modulus 0 . 3 lb/in. 2 

Average Break Force o.s lb 

Degree of Breakage 30.0 % 

Experiment 2 

Compari son b etween the binding characteristics 
of trevally and gurnard 

44. 

The comparison between the binding characteristics of 

trevally and gurnard was actually done well towards the end o f 

the experimental work when it became apparent that these fish 

would have to be used as alternatives in the study if the work 

was to be completed on time. The results of the comparison 

are reported here to avoid confusion which may arise due to 

different species of fish being used when the thesis is read. 

Restructured samples of trevally and gurnard mince 

were prepared without additives as described above. The 

average values of three tests from each sample is given in 

Table 3:2 . 

TABLE 3 : 2 Comparison between Binding Characteristics of 
Restructured Trevally and Gurnard 

Mean Value 
Classification 

Trevally Gurnard 

Youngs Modulus 0.48 lb O. 206 lb/in. 

Average Break Force 2.90 lb 1. 43 lb 

Degree of Breakage 3 1.2 % 30.5 % 

2 
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Experiment 3 

Effect o f Salt Concentration 

Samples were made up, as .descri bed earlier, with sal t 

added and mixed into the f i sh to t h e extent shown in Tabl e 3 : 3 . 

The mince used in this experiment was material ,vhich had been 

processed on the meat/bone separa tor and sent to Massey 

University from Auckland in a frozen s tate . 

TABLE 3 : 3 Samples prepared to determine the effect of sodium 
chloride on the binding characteristics of 
restructured trevall y mince 

Sample No . 1 2 3 4 5 6 7 8 

Fish mince ( g ) 150 150 150 150 150 150 150 150 

Salt ( g) - 0 . 15 0.30 0.45 0.60 0 . 90 1. 20 1.50 

Salt added (%) - 0 . 1 0.2 0.3 0 . 4 0.6 0 . 8 1.0 

Results and discussion 

The results obtained by evaluating the OTMS curves 

are shown in Figures 3 : 8 to 3: 10, in which t h e level of salt 

( vertical axis) i s plotted against Youngs Modulus, the Average 

Break Force and the Degree of Breakage determined as described 

in the previous section. The range over the three tests made 

on each sampl e is indicated by t h e bars about t h e mean value 

recorded on the g raphs. 

Examination o f the results shown in Figures 3:8 to 

3:10 suggests that the effects of adding salt varies according 

to concentration and that there appears to be two fairly 

distinctly different processes involve d. 



FIGURE 3 : 8 Change in Youngs Modulus with increasing 
Salt Content 
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FIGURE 3 :9 Change in the Average Break Force with 
Increasing Salt Content 
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FIGURE 3:10 Change in the Degree of Breaka~e with 
increasing Salt Content 
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As salt is added from O;O to 0.4% there is a s harp 

drop in the resilience ( Youngs Modulus) of the materi a l prior 

to rupture . This effect is probably due to the formation of 

an incre a s ing quantity o f gel, the material forming a gel being 

the salt soluble myofibrillar protein and moisture drawn from 

the mince particle. As salt is added to 0 . 4% there is also a 

slig ht drop in the force required to ruptu re a sample, \\lhich 

is consistent with t he concept o f an increasi ng proportion of 

the gel structure being present and there be ing l ess fine 

fibrous material for reinforcing the gel. There was no change 

i n the crumbliness of the product (Degree of Breakage) . 

If salt i s added beyond 0.4% the re i s an increase in 

the binding strength of t h e r estructured product, as is shown 

by the increase in the Average I3reak Fo rce and t he decrease in 

the Degree of Breakage . These changes can also be discu ssed 

in terms of the eating quality of the product . Below 0 . 4% 

salt added, the product t ended to h ave a dry mouth feel. As 

the added salt was increased to 1%, the product appeared more 

moist and sticky, s imultaneously becoming increasingly rubbery 

to the point of being unacceptable when salt was added in 

excess of 0 . 8% . 

The reactions and properties of the myofibri llar 

proteins have been reviewed in Secti on II, and indicate that 

the type of interaction which occurs i s goyerned by t h e salt 

level in the medium. 

In i s olation, myo s in is reported to form aggregates. 

At an ionic strength of l ess than 0.35M, the aggregates are 

formed by a reversible process, whereas above O.SM the form­

ation of the aggr0gate is irreversible , apparently due to 
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tertiary structural change (Perry 1967). 

The interactions of actin and myosin are also known 

to be important in binding in heat coagulated meat or f i sh 

gels . (Fukazawa et al 1961 a, b). At a salt concentration o f 

0.1 to 0. 15H the interaction behveen actin and myosin results 

in a fine suspension being formed (Gergely 1970), and at about 

O.SM there is a sharp increase in viscosity. 

In t his work a change in the character of the protein 

gel was f irst noticed after about 0.4% salt had been added to 

the mixture·. This change in textural properties can be seen in 

th e drop in the crumbliness (Degree of Breakage, Figure 3 : 10) 

and the increase in binding streng.th ( Average Break Force, 

Figure 3:9) which occurs when salt . is added in excess of 0.4%. 

The initial level of salt in flesh is about 0.1SM 

(Gergely 1970) . An addition of 0.4% salt would bring this level 

to about 0.25M. This level is about half the value that might 

have been expected to produce the observed changes based on 

the work reported in purified systems of myofibrillar proteins. 

It may be that a portion of the myofibrillar protein can react 

to form the typesof aggregates which form highly viscous sols 

which give strong gels upon heating when as little as 0.25M salt 

is present. Thus the increase in the binding strength when the 

salt is added in excess of 0.4% could be explained as a direct 

i nfluence of the concentrati on of the salt. 

Alternatively, it may be that in the composite system 

dealt with here, the effect of cel lular structures, osmotic 

forces and chemical interactions is such t hat only a portion 

of the water in the system is available as a medium for the 
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interaction of the myofibrillar proteins. This suggestion 

could also help to explain the higher than predicted osmotic 

pressure which results when salt i s added to muscle tissue , 

( Lawrie 196 6), and so in effect the reactions considered will 

be occurring at molar concentrations much nearer those found 

to effect the s e changes in the simpler systems. This latter 

appears the more likely expl anation. 

Experiment 4 

A. 

Effect of adding salt and water to the mixture 
prior to cooking 

Effect of varying the salt content at different 
moisture levels 

Two series of samples were prepared, the first with 

7 . 5 ml (5%) added water, and the second with 15 ml (10%) added 

water. The other ingredients were added as shown in Table 3 : 3. 

Results and Discussion 

Results evaluated from the OTMS curves are shown in 

Figures 3:11 to 3:13. 

The curves based on the resul ts from this experiment 

follow a ·similar trend to the curves shown in the previous 

experiment (Fig ure 3 : 8 to 3 :1 0) . By comparing the values from 

Figures 3 : 8 to 3:10 with Figure 3:11 to 3 : 13, it can be seen 

that the addition of water results in the product becoming less 

resilient, breaking up under lower stress and crumbling more 

readily than do the sampl es with equivalent salt contents in 

which no water is added. 

The apparent change in the nature of the gel formed, 

resulting in an increase in the Average Break Force and a 



(1) 

"d 
·n 
~ 
0 

r-i 
..c: 
C) 

I:; 
:l 

.,.; 
'U 
0 
U) 

'U 
(1) 

'U 
'U 

<1S 

0 

FIGURE 3: 11 Ch a nge in Youngs Nodulus with Increasing 
Sal t Content where 5% and 10% water have 
been added 

0.9 

0. 8 

0.7 

0.6 

0.5 

0 . 4 

0 . 3 

0 . 2 

0. 1 

0 

. 250 . 275 

KEY : 

10 I 

. 300 .325 . 350 

Youngs Modul u s (lb/in . 2 )) 

5% water adde d X 
10% water added 0 

.375 

52 . 

. 400 



Cl) 
'O 
·ri 
~ 
0 

r-1 
..c: 
(.) 

3 
·ri 
'O 
0 
{/l 

'O 
<l) 

'O 
'O 
(IS 

., 

FIGURE 3 :12 ,9hange in the Average Break Force with 
Increasing Solt Content where 5% and 10% 
water have been added 

0 . 7 

0.6 

0.5 

0.4 

0.3 

0 . 2 , 

0. 1 

0 
1. 0 1. 5 2. 0 2.5 3.0 3.5 4.0 

Average Break Force > (lb) 

KEY: 5% water ad.ded X 
10% water added 0 

53,. 

4 . 5 



<I) 
"O 
·r-1 
~ 
0 
rl 
..c: 
(.) 

s 
::l 

•i-l 
"O 
0 
(I} 

"O 
<I) 

"O 
"O 
co 
<> 

FIGURE 3 :1 3 Change in the DeE;rce of Breakage with 
Increasing Salt Content where 5% and 
10% Water have b een added 

1.0,,-----------1===~ 

o. 

0 . 7 

0 . 6 

0.5 

O. 4-

0.3 

o. 

o. 

0 
0 5 10 15 20 

Degree of Brea k age (%)) 
KEY : 5% water added X 

10% wate r added 0 

54 . 

25 30 



55. 

decrease in the Degree of Breakage was discussed in the last 

experiment. The discussion applies to the results reported 

i n Figures 3 : 11 to 3 : 13. In these t·csul ts it can be seen that 

the change in character docs not occur unti l 0.6% to 0. 8% salt 

h as been added to the sample, the higher salt requirement being 

a reflection probably of the effect of t h e added water on the 

a ffective molar concentration as discussed in the previous 

section. 

B. Effect o f the moisture content, keeping the 
salt level constant 

Samples were prepared to contain 1% adde d salt, water 

b eing added as s h o,m in Table 3 :4. The fish used in this 

experiment was gu rnard which had been processed and frozen in 

Auckl and . 

TABLE 3 : 4 Sampl es prepared to find the effect of adding 
water to t he gelled fish product 

Sample No. 1 2 3 4 5 6 7 

Fish :Mince ( g) 150 150 150 150 150 150 150 

Salt {g) 1.5 1. 5 1.5 1. 5 1.5 1. 5 1.5 

Water (ml) 0 3 6 9 12 15 18 

Resul ts and Discussion 

8 

150 

1.5 

2 1 

The effect o f adding water to the mixture was 

evaluated by the OTMS, and the results are shown in Fig ures 

3 : 14 to 3 : 16 . 

It can b e seen that the resilience (Youngs Modul us) 

and the binding strength (Averag e Break Force) bot h decrease 

with the addition of water . This would be expected as the 
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FIGURE 3:15 Change in the Average Break Force wi th Increasigg 
Moisture Content while Mai ntaining the Salt 
Content at 1% 
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FI GURE 3 : 16 Change in the Degree of Brectknge with Increasi ng 
Moisture Content while Maini,n.i.ning the Salt 
Content ot 1% 

14 

12 

10 

8 

k 6 
Q) 

+> m 
~ 

"O 4 
Q) 

"O 
"O m 2 

0 

0 

20 25 30 35 4 0 

Degree of Breakage (%) ) 

FIGURE 3 :17 Effect of the Addition of Water on the Shrinkage 
of Restructured Gurnard }lince 

10 

8 
k 
Q) 

+> 
~ 
~ 6 

"O 
Q) 

"O 
"O 4 
nl 

0 

2 

0 5 10 

% Shrinkage ) 



58. 

addition of water would dilute dissolved proteins . The Degree 

of Breakage on the other hand does not appear to be affected . 

The addition of water wa~ al so noted to cause 

shrinkage of the product on cooki ng as s hown in Figure 3 : 17. 

The increased s hrinkage ,vhich occurs as more wate r is added 

i s probalJly due to the product having a limited water holding 

c apa9ity. The loss in volume upon cooking would be related 

to the amount of moisture released a s a result of the heat 

denaturation of t h e protein . 

·Experiment 5 

Effect of the addition of phosphate 

In view of the work published, it was expected that 

the addition o f pho s phates would a ffect both the binding 

characteristics (Nakayama and Sato 1972, Fukazawa et al 19 61c, 

Vadehra and Baker 1970), and the water holding capacity 

(Bendall 1954 , Lawrie 1966) in the cooked product . 

Preliminary experiments were carried out on f rozen 

trevally, which was thawed, then skinned and boned . The cleaned 

fish was passed throug h a mincer f itted with a 5 mm plate. 

Both s odium h e xametaphosphate and tetrapotassium pyrophosphate 

were tried in these experiments. Levels of phosphate tested 

were 0 . 025%, 0.05%, 0. 1% and 0 . 25% . The test s were carried out 

on samples with varying salt contents as outlined in Table 3 : 3. 

There was no observed variation between the resul ts 

of t h e s~mples to whi ch phosphates had been added ~nd the 

res ults of the controls ; Figures 3 : 8 to 3:10. Sh rinkage 

varied from about 3% where no salt was added to no s h r inkage 
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when more than 0.8% salt was added, but there was no change 

in shrinkage due to the addition of the phosphates at the 

levels used in these experiments. 

Fukazawa et al (1961c) reported that the effect of 

phosphates was dependent on the nature of the protein, and 

that only pyrophosphates have activity to split actomyosin, a 

property that was maintained even though the protein was 

denatured . Other phosphates, such as sodium hexametaphosphate, 

do not split actomyosin, and if the protein is denatured the 

effect of the phosphate was. found to be due only to an increased 

extraction of light meromyosin. Although light meromyosin 

does not affect t he binding character of heat gelled systems, 

it should affect the water holding capacity and hence the 

s h rinkage of the product . 

The fish used in this experiment, which was repeated 

four times, had not been specially selected and h ad been stored 

frozen, and so may have undergone some changes affecting muscle 

properties. Its use was justified on the basis that it 

represents typical raw material for the process being 

investigated . 

In view of the above results, t h e four sets of 

experiments were repeated using fish which had been specially 

sel ected for their quality, and had then been processed, 

frozen, and air freighted to Massey University. The samples 

examined were based on the mixtures shown in Table 3:5 . 
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TADLE 3:5 Mixtures prepared for the evaluation o f phosphate s 
from f re s hly processed fish 

Sample No. 1 2 3 4 5 

Experiment I Fish ( g) 150 150 150 150 150 
TPP (g) 0.15 0 . 30 0.45 0.60 0.75 

Fish ( g)' 150 150 150 150 150 
Experiment II Salt ( g) 1.5 1.5 1.5 1.5 1.5 

TPP (g) 0. 15 0.30 0.45 0.60 0.75 

Experiment III Fish ( g) 150 150 1 50 150 150 
HMP (g) 0.15 0.30 0 . 45 0.60 0 . 75 

' Fish ( g) 150 150 150 150 150 
Experiment IV Salt ( g) 1 , 5 1.5 1.5 1.5 1.5 

I-IMP ( g) 0.15 o. 30 0.45 0.60 0.75 

Results and Discussion 

The results of the effect of phosphates on the binding 

characteristics of the heat gelled product is shown in 

Figures 3 :1 8 to 3:20 . 

Effect of adding phosphates without the 
addition of salt 

The addition of both sodium h exametaphosphate and 

tetrapotassium pyrophosphate to the fish mince resulted in a 

gell ed product being formed having slightly weaker binding 

characteristics than when no phosphates had been added . This 

can be seen in the sli ght drop in the values of the Average 

Break Force and the resilience of the product. Simultaneously 

there is a sligh t increase in the tendency of t h e product to 

crumble under stress, as can be seen by the slight increase 

in the values for t h e Deg ree of Breakage. 
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.. 
X Sodium Hexametaphosphate in the presence 

of 1% added salt 

• Tetrapotassium pyrophosphate in 
the presence of 1% added salt 
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FIGURE 3 : 19 Effect of phosphates on the binding strength 
( Ave1°age Break Force) of heat gelled f i s h mince 
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The slight weakening effect which occurred under 

these conditions could arise due to the effect of the 

phosphates drawing more moisture into the external phase of 

the mixture, thereby having an effect of dilutin.g the prote in 

forming gel structures upon heating . The phosphates may have 

assisted in solubilising s ome o f the myofi brillar protein , but 

at a low molar concentration which occurs in the absence of 

added salt, this may not have had any effect on the binding 

characteri stics of the gel f ormed upon heating . 

The shrinkage of the product in which no salt was 

added was about 5%, with no apparent effect due to the 

addition of phosphates. 

Effect of phosphates in the presence of 1% added salt 

In this experiment s ome of t h e curves f rom t h e OTHS 

were difficult to read due to a very low Degree of Breakage, 

and variat ions within the sampl es were greater than experienced 

elsewhere . 

An explanation for this may be that the equilibration of 

24 hours prior to cooking was not long enough for the pho s phate 

and salt to achieve their optimum effect . This po ssibility . 

was not examined experimentall y . 

Effect of Tetrapotassium pyrophosphate (TPP) 

With an additi on of up to about 0.3% TPP there appears 

to be a sligh t increase of binding in the system. This can be 

seen as an .increase i n the Average Break Force and the simul t ­

aneous drop in the Degree of Breakage which occurs in this 

regi on . Further increases of TPP to 0.5% do not appear to 

continue the strengthening effect, and may in fact have caused 
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a slight drop in binding as indicated in the increase in the 

Degree of Breakage . 

In this experiment the addition of TPP to the fish 

mince in excess of 0.3% did have a measurable effect in 

reducing shrinkage on cooking as ~hown in Figure 3:21 . These 

results indicate that the effect of TPP increases with 

concentration in the fish, and causes increasing binding 

strength up to a level of 0.3%, and especiall y between 

0 .3 - 0 . 5% causes an increased water holding capacity as is 

shown by the decrease in shrinkage. 

FIGURE 3 : 21 Effect of the addition of tetrapotassium 
pyrophosphate on shrinkage of heat gelled 
fish mince in the pre~cnce of I% added salt 
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2. Effect of Sodium I-1cxamet.apho sphate (!IMP) 

Sodium Ilexamctaphosphate is reported to solubilize 

actomyosin.s but not split the actin-myosin complex . At 

levels of less than 0.3 %, HMP added to the fish in the presence 

of 1% added salt appears to have had a negative effect 

on the binding character ns can be seen by the slight drop 

in the Avernge Break Force, and more dramatically by the 

increase in the Degree o f Breakage to a maximum of 25%, but 

above 0.3% addition,there was an increase in the binding of 

the h eat gelled product . 

The apparent requirement of at l east 0.3% HMP 

before a positive effect occurred and the negative effect of 

the HMP up to this level is not understood. In view of the 

dispersion of the results more work is required in this area 

to confirm this trend but the trends observed were not consid­

ered to be important industrially. 

There was no change in shrinkage from 3% throughout 

the experiment, and H:MP being neutral did not change the pH of 

the fish from 6.7 so this could not have been a contributory 

factor. 

Experiment 6 

Effect of particle size on the binding 
characteristics of restructured fish 

Gurnard mince which had b een processed through a meat/ 

bone separator was used in this experiment. This mince was 

further fragmented by processing through a meat grinder with 

variously sized plates. The size of the particles was 

estimated by separating out individual particles of mince and 

counting out the rarticles required for 50 g of product. The 
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average weight of the particles was calculated as the - fraction 

o f 50 g divide d by the number of particles . 

The range in particle size was obtained by grinding 

the mince as s hown i n Table 3 : 6. The sampl es were prepare d 

with the addi tion of 0.4% added salt. 

TABLE 3 : 6 Preparation of fish mince with 
varying particle size 

Sample Preparation No. 

1 Headed and gutted gurnard 
ex meat/bone separator 

2 Mince ex 1 lx through . 390 in . plate 

3 Mince ex 1 2x through . 390 in. plate 

4 Mince ex 3 lx t hrough .234 in. plate 

5 :Hince ex 3 2x through .2 34 in . plate 

Result s and Discussion 

Average Particle 
Weig ht ( g) 

0 . 102 

0.029 

0 . 01 8 

0 .0 10 

0.008 

The effect of changing the particle size o f the f ish 

mince u sed in the restructured product is shown in Figure s 

3:22 to 3:24. 

It can be seen that the general effect of reduction in 

particle size is to increase the chewiness (resilience) and to 

strengthen the binding characteristics of the gelled product . 

This becomes more apparent once the averag e weight of the 

particle is reduced to below 0.029 g. At this stage there is a 

rapid incre_a se in Youngs Modulus, which is associated with an 

unpleasant rubbery texture. The Averag e Break Force also 

increases in thi s region. 
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FI GURE 3 : 22 The Effect of particle .size on t he r esili ence 
of restructured fish mince 
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The crumbliness of the product, as measured by the 

Degree of Breakage , is seen to increase with the decrease in 

particle size , to a maximum of 0.015 g . It is suggested that 

the crumbliness increases with the g reater number of particles, 

until at a given point the effect of the protein extracted, 

which i ncreases as the product is ground down, is such that 

the gel characteristic becomes dominant whereas before each 

of t h e large number of small particles represented a zone 

of weakness in the gel structure. It can be seen that as 

the product is ground down from an average size of 0.015 g , 

so t h e Degree of Breakage again drops off very rapidly. 

Conclusions 

Youngs Modulus , the Aver age Break Force and the 

Degree of Breakage , as derived from the on,1s compression curves 

o f the heat gelled fish mince showed that the texture of the 

product in terms of resilience or chewiness, binding strength 

and crumbliness, depends upon the combined effects of these 

characteristics. By varyi ng certain conditions, in particul ar 

by the addition of salt, t he characteristics o f the restructured 

product can be modified. In these modifications it was found 

that the resilience, binding strength and c rumbliness do not 

necessarily follow the same pattern. 

The addition of salt up to 0.4% to trevally mince 

resulted in no change in the crumbliness, a drop in the 

resilience of the product, with a s i mul taneous but smal ler 

drop in the binding strength. These changes are thought to b e 

broug ht about by the formation o f a heat set gel from the 

sol uble myofibrillar proteins , thi s gel being i ncreasingly 



dilute d with moisture extracted from the milieu by o s motic 

f orces resulting from the addition of the salt . 
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When salt is added t o t~e mince in excess of 0.4% 

the restructured product showed increasingly strong binding 

characteristics . This can be seen i n the high Average I3reak 

Force rC'quired to r upture the sample (in excess o f 3.5 lb), 

and _the l oh' Degree of Breakage or cr·umblines s ( less than 15%) . 

These charact eristics were undesirable in that they do not 

r esembl e those o f cooked fish f illet ., which has a high Degree 

of Breakage , and ruptures under very low forces . In thi s 

case it is postulated that salt concentrations in the system 

have increased to t he point where significant solubilisation 

of the myofibrillar protein is o ccuring, thus g iving rise to 

a more highly concentrated protein solution which sets to 

gels having the characteristics ob served . 

The addition of water was found to result in a 

weaker structure b e ing formed and was desirable as the 

restructured product had a dry mouth feel when no wate r was 

added . 

Phosphates appear t o be effective only when used on 

fresh or g ood quality fish . The reason for this is not known, 

but i t is thought that poor quality f i s h in which phosphates 

h ave no effect were in a condition in which t h e protein was 

already partial ly denatured. 

The sample which was found to have textural 

char acte!'istics most c l osely resembling that of cooked fil l et 

was prepared from gurnard mince. The mince had been r e covered 
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from a meat/bone separator and was beaten in the presence o f 

1% of salt and 12% added water . The OTMS curves for this 

product and f or the cooked trevally f illet are compared in 

Figur e 3: 25. 

FIGURE 3 : 25 Compari son of OTMS compression curves 
of s amples of cooke~ trcvally fillet 
and restructured gurnard mince containing 
1% added salt and 12% added water 

lOr--------------- -----~ 

Fillet : 

Re structured 
sample : 

Deformation ) 



SECTION IV 

Development of oxidative rancidity in 
frozen trevally products 

74. 

In earlier work ( Sorensen 1971b) it was found that 

fish fing er slabs prepared from trevally deve loped an unpleasant 

odour and taste after as little as four weeks storage at -1 8°c 

(0°F). This change was not noticed in slabs prepared from 

gurnard, and did not occur if the trevally· slabs were packed in 

heat-sealed polythene bags. Although no chemical tests were 

carried out at that time it was thought that the unpleasant 

flavour which occurred in the trevally slabs was due to 

autoxidative rancidity. 

The lipids in fish muscle differ from those of most 

other animals in their high content of polyunsaturated fatty 

acids. In fat fish such a s trevally, this highly polyunsaturated 

fat content results in the fish turning rancid even after a 

short period of storage (Bosund and Ganrot 1969) . In addition 

to the unsaturated nature of their fish oils, dark fleshed fish 

are known to contain relatively high contents of hematin 

compounds. These compounds, which are largely made up of hema­

glo bin, my.oglobin and the cytochromes are strongly pro-oxidant. 

Storage of frozen fish, poultry and meats i s often l imited by 

hematin catalysed rancidity (Tappel 1962) . 

Hematin catalysed auto-oxidation can be very difficult 

to control. Chelating compounds such as citric acid and EDTA 

which are known to have an i nhibiting effect on metal catalysed 

oxidative reactions have no effect over oxidation reactions 

catalysed by the hematin compounds (Tappel 1962). 
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Mild heating is often used to inactivate lipase enzymes. A 

similar treatment has been reported to increase the activity of 

hemat~n catalysed oxidation (Watts 1962). 

Antioxidants such as polyphenolic antioxidants which 

can retard the initial formation of lipid peroxides are not 

permitted for use in fish products. Even if legislation were 

modified,the incorporation of small amounts of oil soluble 

antioxidants into the predominantly water soluble fish product 

is a difficult exerci se in practice, and for this reason is not 

always effective. 

The autoxidation of an organic compound normally . 

involves the addition of a molecule of oxygen to a C-H bond of 

a hydrocarbon chain, to give a hydroperoxide of the general 

formula ROOH . Thus an essential requirement for the autoxidation 

reaction to occur is the presence of oxygen. In practice, 

hematin catalysed autoxidation is mo st effectively inhibited by 

excluding oxygen from the surface of the fish. This is normally 

ach ieved by g lazing , using water often incorporating a stabilizer 

such as sodium alginate . The glaze may contain an added anti­

oxidant such as ascorbic acid for increased effectiveness 

(Anderson and Danielson 1961). 

Preparation of Samples 

The six samples summarized in Table 4:1 were prepared 

from trevally fil lets . The fish used in this experiment had 

been freshly processed in Auckland, where it was frozen and sent 

directly to Massey University . 

The fish was tested upon arrival and the peroxide 

value was found to be in the range 3.5 - 3. 6 milliequivalents 
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oxygen per kilogram of fat . An organoleptic assessment of the 

quality of the fish was also carried out on samples which had 

been steamed for twenty minutes. Although the f i sh did not 

taste particularly fresh , no unpleasant odour or flavours 

typical of autoxidation were detected. 

TABLE 4 : 1 Sununary of the products stored at - 18°c ( o0 r) 
for autoxidative studies 

Sample 
No. 

1 

2 

3 

4 

5 

6 

Product 

Fresh trevally fillet 

Fresh trevally mince 

Fresh trevally mince 

Cooked mince 

Cooked mince 

Cooked mince with 0.05% 
ascorbic acid 

Storage conditions 

Unsealed polythene bag 

Unsealed disposable 
petri dish 

Sealed disposable petri 
dish 

Unsealed disposable petri 
di s h 

Sealed disposable petri 
di sh 

Sealed disposable petri 
dish 

Fillet samples were individually frozen, and stored 

in unsealed polythene bags for the duration of the experiment. 

Minced samples were prepared from skinned and boned 

fillet ground in a food mincer fitted with a 5 mm plat.e. Fresh 

mince was filled directly into 90 mm disposable petri dishes, 

and cooked samples were prepared by steaming the product for 

twenty minutes to give a heat treatment similar to that shown 

in Figure 3 : 1 • 

Unsealed samples refer to those products in petri 

dishes with lids fitted, but with no seal between the lid and 



the base, whereas the sealed samples were sealed with an 

adhesive tape. 

Determination of llydroperoxides 

77 . 

Hydroperoxides are the first measurable compounds to be 

formed during the oxidation of fat, and although they are 

themselves considered not rcsponGible for the unpleasant 

flavour s found in rancid products, hydropcroxide level s are 

widely used as an index of the extent of oxidation in food 

products (Pearson 1970) . 

In this experiment the hydroperoxides were determined 

by a modified form of the Loftus Hills and Thiel ferric 

thiocyanate peroxide test reported by Hollaway (19 66) . The 

modific.itions developed by Wilson (1973) were finalised in this 

work and enabled samples of fish to be tested directly . An 

added advantage of the modification was that peroxide values 

coul d be found from as little as 0.0 1 g e xtracted oil. 

Reagents : 

All chemicals were Analytical Reagent Grade: 

Chloroform 

Methanol 

Barium chloride BaC1 2, 2H20 

Ferrous sulphate, Feso
4

, 7H20 

Hydrochloric acid, !ON solution 

Ammonium thiocyanate 

Sodium chloride 

Anhydrous Sodium sulphate 

Bright iron wire 

Hydrogen peroxide 100 vol . 



Solutions : 

1. Solvents: 
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Chloroform - methanol 2 :1 (V/V) 

Chloroform - methanol 70:30 (V/V) 

2. Ferrous chloride solution : Barium chloride 

(0. 4 g ) is dissolved in 50 ml glass distilled water, 2.0 ml of 

10N hydrochloric acid i s then added. Barium s ulphate is 

precipitated out and i s removed by centrifuging. The clear 

solution is decanted into a bottle protected from light. The 

solution remains stabl e fo r only one week. 

3. Anunonium t hiocyanate solution : 30 g ammonium 

thiocyanate i s dissolved in distill ed water and the volume ~ade 

up to 100 ml. 

4. Sodium chloride solution: 9 g s odium chloride 

is dissolved in distilled ,vate r and t h e volume made up to 100 ml . 

5. Standard ferric iron s olution: 0.500 g of bright 

iron wire is dissolve d in 50 ml of 10N hydrochloric acid and 

oxidized with 1 to 2 ml hydrogen peroxide . Excess peroxide i s 

remove d by boiling and the solution i s diluted to 500 ml. 

Procedure 

1. Extraction of oil: appromatel y 20 g of the fish sample 

i s placed in an atomizer jar. 100 ml 2: 1 V/V chlorof orm­

methanol i s added, and t h e sample is agitated f or 2 to 3 minutes 

or until the fish is di s integrated to a smooth slurry. The 

filtrate is recovered using a Watman No. 1 f ilte r paper and a 

Buchner funnel . 

2. Washing out protein residues: Trace amounts of protein 

in the filtrate cause cloudiness and interefere with s ubsequent 



readings. These proteins are removed by washing the filtrate 

twice with 30 ml 0 . 9% sodium chloride solution in a 100 ml 

separating flask After the first was h, the top aqueous layer 

is drawn off with a Pasteur pipet.te fitted to a vacuum line. 

The second wash is then performed and after the layers have 

separated the bottom layer containing the oil in chloroform 

is run into a 150 ml Erlenmeyer f lask. 
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3. Removing traces of moisture : Trace amounts of moisture 

remaining after the washing process are removed chemically by the 

addition of approximately 5 g anhydrous sodium sulphate . The 

-removal of moisture is complete when the oil in chloroform 

solution is clear . 

4. Drying off the chloroform and weighing the oil : The. 

s upernatant fluid is qualitatively transferred from the 

Erlenmeyer flask to a 100 ml Quickfit flask which is fitted to 

a Rotary evaporator, where the volume of chloroform is reduced 

to about 3 ml under vacuum. 

The solution remaining in the flask is poured into a 

clean, dry, tared weighing bottle, and the remainder of t h e 

chloroform is evaporated o ff under a stream of nitrogen gas , 

with the container resting in a water bath set at 70°c, the f l ow 

of nitrogen gas being maintained until the sample is dry wh en 

the top of the container is carefully replaced. 

The outside of the bottle is dried and the bottle 

rewe i ghed to find the weight of the oil. 

10 mJ 70: :-SO V/V chloroform- methanol is added to the 

weighing bottle and the fat is redissolved . It is important 

that care be .taken to ensure that all the oil i s redissolved, 



as small quantities of undissolved oil can give rise to 

large errors. 
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5. Preparation of samples to read optical density: The 

quantity of sample required ,vill depend on the ,veight o f oil 

and the peroxide value of the sample . It is convenient to 

pipette 0.5, 1.0 and 2.0 ml of the redissolved sample into 

19 x 150 mm test tubes and to make up to 9_.9 ml with 70:30 

V/V chloroform-methanol solution. 

Make up a reagent blank containing all the reagents 

except the fat extract and a fat blank containing all the 

reagents except the ferrous chloride. 

To the 9,9 ml o f fat and · solvent add 1 drop of 

anunonium thiocyanate, followed by 1 drop of ferrous chloride 

solution and mix. 

' The test samples and the two blanks are held for 5 

minutes in subdued light and the colour intensities are read 

at 505 f m in a suitable colorimeter or spectrophotometer. 

Further dilutions of the fat may be necessary 

depending on the peroxide value of the initial test run. 

Optical density r eference curve 

Dilute 1,0 ml o f the 1.0 mg/ml aqueous iron s olut ion 

to 100 ml with 70:30 V/V chloroform-methanol. With this 

solution together with appropriate amounts of the chloroform 

methanol solvent, prepare four tubes containing 5, 10, 15 and 

20 f g of ferric iron in 9. 9 ml of the chloroform methanol 

solvent. Add 1 drop of anunonium thiocyanate solution and 1 drop 

of water containing 2 ml of ION hydrochloric acid per 100 ml . 



Mix, allow the c o l ours to develop for 5 minutes a nd measu re 

the absorbance ( opti cal density) of t h e reference sol ution 

u s i ng ·th e same procedure as for the test sample . Plot t h e 

referen c e c u rve , optical densi ty vs c oncentration o f fe~ric 

iron as s hown in Figure 4 : 1. 

FIGURE 4 : 1 Standard ref ercnce curve sho,ving typical 
, relationship between optical density and 
concentration of ferric iron 

Note : 

0 20 30 40 so 60 

Opt ica l d en s ity > 
at 50 5 f m 

70 80 

The ref erence curve u sed in the expe riment was a 

regress ion line d r awn after the four refe r e nce point s had been 

measured at three different time s. 

Calculation of Peroxi de Value 

The peroxide value is expressed as millequival ents 

of oxygen per kilog ram fat. The concentrat ion of the unknown and 

blanks are calculated in t e rms of fg of iron/10 ml and the 

nett fig ure for the unknown is the n obtained by deducting the 



blanks. 

PV 
Nett fg iron/10 ml 

Weight of fat in g rams x 55 . 85 

Results and Di s cussion 

The frozen samples were tested over an eight week 

period, 3.nd the peroxide values found during this time are 

plotted in Fi gure 4 : 2. As the results s how no significant 

lag phase or levelling out during the experiment , the data 
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was treated as though a straight line r e lationship existed 

between peroxide value and time. The lines drawn in Figure 4:2 

are regression curves o f best fit . 

The rate of o xidation can be found from t h e slopes 

o f the curves shO\m in Figure 4: 2, and hav0 been sunm1ari sed 

in Table 4 : 2 . 

TABLE 4:2 Rates of Oxidation of the fro zen sam les 
Stored at - 18 C (0 F 

Rate of Oxidation 
Sample Packaging m.equiv.o 2/kg 

f at/,veek 

Trevally fi l let Frozen individually 
in p l astic bag 8.86 

Raw mince ) Unsealed 5 . 20 
) petri 

Cooked mince ) dishes 4 . 63 

Raw mince ) Sealed 3.42 
) petri 

Cooked mince ) dishes 4 . 11 

Cooked mince ) 
Seal ed ) 

+ ) petri 2.76 

ascorbic acid ) d i shes 
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FIGURE 4:2 Relation between oxidation (peroxide value) 
of the fro zen f ish s amples and t ime 
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Statistical Analysis of Results 

Each group of results was analysed statistically 

in order to find the significance b~tween treatments . This 

was done by an .:inalysis of variance to f ind the 95% conf idence 

limits about each regression line. The curves obtained for 

two of ~1e results, the fish fillet and the cooked sealed 

mince ,-,i th O. 0 5% ascorbic acid added are shown in Figure 4 : 3 . 

( a) 

Effect of Treatments 

Condition of storage 

The samples were ~tored in three different conditions 

as i dentified in Table 4:2 from which it can be seen that the 

rate of oxidation is appreciably higher in the individually 

frozen fillet than in any of the m.tnce samples which were packed 

in either sealed or unsealed petri dishes. 

Statistical analysis of the results shows that the 

differences between the frozen fillets and the mince in unsealed 

containers are not significant at a 95% confidence leve l. This 

is due to the scatter of the results and because only seven 

samples of each product were tested during the storage trial . 

The apparent differences in the rates of oxidation between these 

samples may have become significant had the storage trial been 

carried over a longer period of time, but obvious deterioration 

of samples was already becoming apparent and further testing 

would thus not have been relevant . 

A comparison between the fillet and the sealed samples 

on -the other h and shows that the peroxide values of the fillet 

are significantly higher (95% confidence limits) than the 

peroxide values of both the sealed fish mince and t h e sealed 
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FIGURE 4 : 3 Compari s on between the regression lines with 
95% conf idence limits for trevally fillet and 
seal ed cooked nduce with added ascorbic acid 
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cooked mince with 0.05% added ascorbic ocid after three weeks . 

The rate of oxidation in the scaled cooked mince appeared 

slightly higher than in the o·thcr sealed samples, and the 

peroxide values of the fillet are not significantly higher 

than the values in the sampl e until after six weeks storage. 

The peroxide values of the unsealed cooked and 

unsealed raw mince samples ,,,ere also significantly ( 9 5% 

confidence ) higher than the values of the sealed raw mince and 

sealed cooked 11rince with the added ascorbic acid after six weeks 

storage . There was no significant difference between the 

unsealed samples and the sealed cooked mince. 

These results suggest that the rate of oxidation of 

the oil in fish products increases with the availability of air 

or oxygen . This conclusion ha s also been reached by workers 

working on products other than fish (Lundberg 1962), and is 

consistent with the current understanding of autoxidative 

r eactions. 

It is therefore concluded that the exclusion of air 

or oxygen is essential if the product is to have an acceptable 

storage life. 

The restructured fish material has been developed for 

use in battered and crumbed products such as fish fingers. 

In thi s operation the batter forms a continuous coating about 

the product, and can have a protective effect s i milar to glazes 

which are often used on fro zen fish . For the batter to be 

effective in this regard it is important that the coating is 

i mpermeable to air under freezer conditions and that t he batter 

does not h ave a tendency to crack. To ensure these r~quirements 
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are satisfied, work may have to be done on formulations 

incorporating stabilizers such as sodium alginate and sodium 

c arboxymethylcellulose . 

The addition of ~05% ascorbic acid to glazes used on 

fish fil l ets h ave been reported to be very effective in 

prolonging t h e storage life of the frozen product (Olcott 1962) . 

A similar effect may be found by adding the ascorbic acid to 

the batter. 

Although the rate of autoxidation ,vas f ound to be 

s i gnificantly lower in the sealed samples , there is still a 

positive increase in the peroxide values of these products 

with time. By tasting portions of the sample used for peroxide 

evaluation, it was f ound that t h e product b e came unacceptable 

when the peroxide value exceeded a value of 30 milliequivalents 

of oxygen per kilogram oil . At this level t h e product did 

not taste rancid, but a slightly rancid odour was apparent . 

This value is confi rmed by Pearson (1 970 ) who reported that 

rancidity is not u s ually detected before the peroxide value 

reaches 20-40 milliequivalents of oxygen per kilogram of oil. 

Analysis of the results (Fig ure 4:2) shows that even 

the sealed cooked mince with 0.05% added ascorbic acid which 

was the most stable product,had a storage life of only 11 weeks 

( 8 - 14 week range). The oxidation of the sealed product is 

probably due to air incorporated in the mince during its 

preparation and mixing in of ingredients . Redox values of the 

mince were found to vary from +4.8 mv before mixing to +6.2 mv 

after mixing. Thi s shows the need to mix the product in t h e 

absence of air. Where conventional mixers are used it may b e 



88 . 

possible to shield the product from air unde r a cloud of carbon 

dioxide or nitrogen gas. Alternatively, dry ice (carbon 

dioxide ) could be evaporated in the mix . Used in this form 

carbon dioxide would have the added advantag e of keeping d ow1.1 

the temperature of the products . 

(b) Effect of cooking 

Mi'ld h eating of products such as meat and fish has 

been reported to promote oxidation while more intens ive 

h eating can have an inhibiting effect on the rate of oxidation 

( Watts 19 62). 

The rate of oxidation in t h e seal e d sampl es was 

s lightly h igher f or the cooked sampl e t h an f or the raw s ampl e, 

while in the unse.sl.led samples the co11verse was f ound. However, 

n either of these sets of results showed a statistically 

significant diffe rence between the cooked and raw samples. Thus 

it cannot be concluded that heati ng the sampl es to an internal 

temperature of 8o0 c h ad any significan t effect upon t h e rate of 

autoxidation during storage . 

( c) Effect of the addition of 0. 05% ascorbic acid 

The u s e o f a scorbic acid t o limit autoxidative 

deterioration is widely reporte d in published literature 

(Olcott 1962), where it i s de s cribe d as having varying deg rees 

of effectiveness when use d on fish products . 

In this experiment the differenc e between the cooked 

sealed s ample and the cooked sealed sample with the added 

ascorbic acid was not signifi cant over the duration during 

which samples were taken. However the diffe rence in trend 

and the narrow margin by which t he confide nce limits of these 



two curves overlap suggest a significant difference may have 

become apparent if the experiment had been continued for a 

longer period of time . 

Further work is therefore necessary before the 

beneficial effect of ~corbic acid can be ascertained with 

complete certainty but the data suggests it could probably 

be incorporated~ with beneficial effects upon the storage 

life of the restructured products. 

Any beneficial effect of the ascorbic acid used in 

this way is thoug ht to be due to its ability to chemically 

complex the oxygen which has become incorporated in the 

product during its production. 

Because of its high oil content and the presence of 

the haematin- type oxidation catalyst it may be difficult to 

achieve satisfactory storage at -1 8°c of products prepared 

fr·om trevally, even if care is taken to exclude oxygen by 

the means described above. The higher the storage temperature, 

the greater the acceleration not only of the chain propagation 

reactions, but also the peroxide decomposition and thereby 

a greater concentration of free radicals becomes available for 

the initiation and propagation of new reaction chains (Lundberg 

1962) . However, since the converse is also true if the 

temperature of storage can be reduced, then better storage 

results may be achieved in the -29°C (-20°F) to - 40°C (-40°F) 

range. This wil l need investi gation to establish if it has a 

significant effect upon the storage life of the product. Its 

practical implementation within the factory and in the distrib­

u tion system will need to be examined for feasability i f improved 

storage is shown to result at these low temperatures . 



SECTI ON V 

Mic robiological ex<1minat Lon of rm,1 materials 
u sed i n th0 prcpoPatiou of the 1•0.scructu1·cd fish, 
an<l C'.ln cvaluaCion of -U1C' mi c rohj ological effce;t­
ivcncss of the heat n sccl in the process 
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The aim of the work r eported i n this section was to 

examine the microbial quality of the raw materials used in the 

pre parution o f the r estructured product . The effect of storing 

these materials over a twenty- four hour pe riod at o0 c and at 

10°c wa s al so investigated . Si milar examinations were carried 

out on t he cooked s labs of g ell ed mince to find t he effective ­

n ess o f t he heat process in reducing the microbial l e vel i n the 

r estructured product . 

Materials Sampled 

The fish u sed in this experiment were headed and gutted 

trevally, which h ad been processed in February 197 3, during the 

peak o f the fishing sea son . The sample was taken f rom a stock 

o f frozen fi s h wh ich had been set aside to be processed into 

fish fing ers during the winter mont hs. 

Fillets were prepared in t h e u sual way, the f illet 

being r e moved f rom behind the head and the vent, and out from 

the backbone. 

As a meat/bone separator was not available for thi s 

work, the mince was prepare d from skinned and boned fi s h, which 

was passed through a mincer fitted with a 5 nun plate. 

The cooked samples were prepared from fish mince, 

previous ly treated with 0.75% sodium chloride, by steaming for 

twenty minute s . The internal temperature during cooking was 



measured u s ing a Varian mill ivol t recorder with the thermo-

couple placed in the centre of the sample . The temperature 

profile for the cooking process is given in Table 5:1. 

FIGURE 5 : 1 Temperature profile, sho\ving the temperature 
at the centre of the product during 20 min . 
steaming and subsequent cooling : 

u 
0 

0 10 20 30 

Time 
(minutes) > 

Method of Microbial Assessment 

40 

The microbiological evaluations were determined by pour 

plate techniques. Culture media were u s ed as outlined below. 

Media were prepared from standard dehydrated culture media 

according to manuf acturers instructions, and a 0.1% solution of 

peptone water was used for the dilutions outlined in Figure 5:1. 

After the media were made up, they were sterilized in 

the autoclave for 15 minutes at 15 pounds pressure (120°c). 

An exception to this was violet red bile agar which was broug ht 

to boiling point, cooled to 42°c and used directly. 
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Culture media used: 

Nutrient agar 

Total counts were evaluated on nutrient agar. Two 

duplicate sets of plates were prepared, and were incubated at 

25°c and 10°c. The 25°c plates were incubated for three days 

and the 10°c plates for five days before counting the colonies. 

Violet red bile agar 

Violet red bile agar was used for direct plate counts 

of coliforms. The coliforms were identified as those colonies 

1- 2 mm in diameter, having a purplish red colour and surrounded 

by a reddish zone of precipitated bile. Colonies were counted 

after incubating the plates at 376 c for 18-24 hours . 

Manni to 1 salt agar 

Mannitol salt agar i s a selective medium for the 

isolation of pathogenic staphylococci, and was used for direct 

plate counting of these organisms. Colonies were counted after 

incubating the plate at 37°c cor 24-36 hours . Both those 

colonies surrounded by a yellowish zone, and those colonies 

about which the immediate zone was indistinct, were presumed to 

to pathogenic staphylococci. 

Procedure 

Raw materi al qu ality 

The bac~eriological quality of the r aw material was 

evaluated after t hawing t h e frozen fish overnigh t (12 hours) . 

The samples were filleted and mince d as indicated in the 

"Materials Sampled". 
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In addition to the bacteriological examination, an 

organoleptic qual i ty assessment was carried out on samples of 

fillet steamed for twenty minutes . 

Evo.lu.ation of growth rate 

The materials were sampled at intervals of 2½ to 3 

hours fer the first 12 hours, and agai n after 24 h ours . 

Grow:th curves were determined for fish and fish mince stor ed 

0 0 at O C and at 10 C. 

Preparation of Sample 

Samples were prepared by accurately weighing approx­

ima t ely 20 g o f t h e specimen into a steril e atomizer jar . 

The amount of peptone water required to make a 10:1 dilution 

of the sample was then measure d in, and the sample was agitated 

for 2-3 minutes . 

Dilutions for plating were prepared as outlined 

in Figure 5: 2. Plates wer·e prepared in duplicate for all 

tests . 

Re sults , which are presented in the following 

section, were t he mean value of two plate counts, using only 

those dilutions giving counts between 30-300 per plate. 
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9 5. 
Results 

Raw material quality 

Two samples of the raw materials were evaluated. The 

result of the bacteriological examinations s hown in Table 5:1 is 

the average value of the two samples tested. 

TABLE 5:1 Bacteriological quality o f the raw 
fish materials 

Number o f organi sms per gram 

Trevally fillet Trevally min.ce 

Total count ( 25°c) 3.7 X 105 1. 15 X 105 

Total count (10°c) 1.0 X 10 5 2 . 8 X 10 4 

Staphylococci 4.2 X 103. 4,0 X 103 

Coliforms 8.0 X 103 3.9 X 103 

Growth curves 

The re s u l ts of the growth curves of the raw fish 

material are plotted in Figures 5 : 3 - 5: 6. Growth rates of 

bacteria were also examined in the cooked product stored at 

o0 c and at 10°c . It was found that there was no significant 

c h ange i n bacterial number over t h e twenty four hour test 

peri od, and no growth curves h ave been prepared . 

Effect of h eat 

The h eat appl ied during cooked ( Figure 5: 1 ) was 

effecti ve i n r educ ing the number of v i abl e organisms i n t h e 

p r oduct. Th e bacterial numbers shown in Tabl e 5 : 2 a r e t h e 

a ver age value f o r eigh t sepa rate s ampl es of t h e cooked produ ct . 
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FIGURE 5 : 3 Bacterial growth ~urves from raw 
fish material s : Total count, Incubate d 25°c 
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F IGURE 5: 4 BactcriiJ.] growth curves from riJ.w 
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FIGURE 5: 5 Bacterial growth curv0s from raw fi s h 
material s : Staphylococcus Counts 
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FIGURE 5: 6 Bacteri al growth curves from raw 
fi s h ma"terjals : Coli.l'orm Count 
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TAnLE 5:2 ~acterial nunfucrs after cooking 

Number of organisms per gram 

Total count ( 25°c) 57 

Total count (10°c) nil 

Staphylococci 4 

Coliforms nil 

Organoleptic quality of the raw materials 

The samples o f the fish examined were found to be of 

variable quality. The odour of the fi llets prior to cooking 

was faintly fishy, but not objectionable . The f l esh col our 

varied from one fish to another. Some fil lets still had a 

ting e of pink colour, while others were discoloured, showing 

marked brown to yellowish colour . The flesh was firm to touch, 

but not elastic. 

The cooked s ample had a str·ong fishy smell which was 

objectionable. In addition, the fish tasted s l ightly rancid . 

The col our o f the cooke d sampl e was off-,vh ite, tending to be 

grey, with the darker fle s h a very dark, greyish or reddi s h 

brown . 

Discussion of the Results 

Quality of the raw material 

The discolouration of the flesh, and the unpleasant 

odour and flavour o f the cooke d fish does indicate that the 

f i s h used in this work was not of good qual ity. This feature 

is borne . out by the bacteriolog ical tests and will be discussed 

furth er in the sections which follow. 
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Other tests carried ou-t;; at vo.rious times in the fish 

factory show that quite a large proportion of the fish processed 

during the season i s likely to be of a similar quality . 

Total counts of f ish mince processed from snapper 

frames during December 1972 varied betl11een 105 and 106 organisms 

per gram. Coliforms on the same samples varied between 10 2 and 

104 organisms per gram. 

Sumner and Wilson (1973) during a bacteriological 

survey of fish at various stages of processing, examined frozen/ 

thawed gurnard, trevally and barracautta. Their results, shown 

in Table 5 : 3, are o f a similar order to the results summarir,ed 

in Table 5: 1. 

TABLE 5: 3 ualit• of frozen thawed fish 
Wilson 1973 

Number of organisms per gram 

Gurnard Trevally Barracautta 

Total count ( 256 c) 8 .0 X 105 1. 8 X 105 1.0 X 106 

Coliforms 4. 4 X 103 1.4 X 103 5.3 X 103 

Staphylococci 3.3 X 102 2 . 0 X 10 l 2.2 X 102 

( a) 

Bacteriological Growth Rates in Products Tested 

Growth curves in products stored at o0 c 

The growth curves in the raw materials stored at o0 c 

(Figures 5:3 - 5: 6) did not show significant change duri ng the 

twenty four hours immediatel y after thawing, and bacterial 

numbers appeared to be kept in check, both in the fish mince 

and in the fillet. 
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The apparent reduction . of bacterial numbers from 

the trevally fi llet during the first ten hours of storage is 

probably due to the loss of moisture from the surface o f the 

fillet . The fil l et was stored on an open tray, and the effect 

of the low humidity in the chiller w·as observed to cause the 

surface o f the fil l et to become dry . In industry the fillets 

are stored in 40 lb containers, and loss of moisture f rom the 

surface of ihe product ,rould not affect the bul k o f t he product 

and so the observed reduction in bacterial numbers i s unlikely 

to occur in commercial practice. 

( b) Growth curves in product stored at 10°c 

Bacteri al number s i ncreased slightly at 10°c but not 

s i gnificantly during the tlventy f.our hours immediately after 

thawing. 

In earlier work on mince prepared f rom fresh snapper 

( Sorensen 1972) i t was f ound that bacterial numbers increase d 

from 8 x 105 to 6 x 106 within four h ours at 10°c, t hat is, 

traversing one log phase every four and a hal f hours. The 

apparently slower growth rate observed in t he current experiment 

may be due to a p roportion only of t h e b a cteria being in t h eir 

log phase afte r freezing and thawing . 

Due to the discrepancy between the e arlie r work and 

the present work, t h e r esults are not conclusive , and t h e 

storage of freshl y prepared mince i s not r ecommende d. For the 

s a me reason, more work in this field will have to be done bef ore 

safe storage and working temperatures can be establish ed. 



103. 

Effect of heating the product 

The heating process, primarily used to gel the soluble 

fish protein and thereby effect the restructuring of the product 

as described in Section 2, is also effective in reducing 

bacterial numbers in the product. The effectiveness of the 

heating process (Figure 5:1) can be seen by comparing the 

bacterial numbers in the cooked (Table 5:2) and the uncooked 

(Table 5:1) product. 

The total counts in the cooked product are, in the 

main, due to bacterial spores and vegetative cell s of thermoduric 

bacteria which have survived the heat treatment . Provided · 

the product is cooled and frozen inunediate ly after the heating 

operation, it is unlikely that these organisms will cause 

further spoilage o f the restructured product. 

More important, however, is the survival of 

staphylococci in the product. With a pH of 6.7, a salt content 

of 2% and the absence of large numbers of competitive organisms, 

the product is an excellent medium for the g rowth of staphy­

lococci that were not destroyed during heating or which are 

present as a result of recontamination. For this reason strict 

temperature control and plant hygiene must be closely adhered 

to after the cooking o f the product is completed. 

Recontamination of the cooked product is likely to be 

most difficult to control, and equipment such as band saws and 

the batter and crumbing machine are suspect in this regard . 

Ingredients used in the batter and crumb application will also 

need to be checked regularly, and standards will have to be 

prepared for the batter, to ensure the final product does not 



contain an unacceptable number of bacteria . Packaging materials 

may also become dir-ty and contaminated, and to avoid contamination 

those should be stored in a clean and dry area separate from 

the process ing factory. Close control of sanitation procedures 

will be necessary and a code of practice for sanitation will 

need to be prepared. 

Quality Standards 

Quality which has been lost through faulty handling 

of fish at sea and in th.e factory cannot be restored by any form 

of processing. Only low grade food can be expected from poor 

quality raw material. In the case of a new development, such as 

the restructured fish product, the use of substandard quality 

fish could jeopardize the development . For this reason there 

is a need to set ~1ality standards on the fish used in the 

process, such standards being set to ensure both the safety and 

acceptability of the product. 

As there are no bacterial standards enforced for 

seafoods, it is necessary to use recommended standards as a 

guide . 

Shewan (1970) has revised standards recommended for 

seafoods. Although some of these standards vary widely , there 

appears to be a general agreement that the total count (25°c ) 

for seafoods should not exceed 1 x 105/ g . This figure has been 

put forward as a tentative standard by Codex Alimentarius and 

in practice has been found a reasonable standard to expect of 

fish processed under hygienic conditions (Neufeld 1971). 

Coliform standards are recommended to ensure that the 

product has been processed under sanitary conditions . 
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Reconunended standards vary between a general coliform count and 

a faecal coliform test based on Escherichia coli. The reason 

for this is that some authorities ( Neufeld (1971) claim that 

coliforms in general cannot be used to differentiate between 

fisheries products manufactured under good and unsatisfactory 

sanitary conditions, whereas there can be no reasonable 

explanai..ion other than insanitation for the presence of high 

l eve·ls of faecal coliforms . An advisory standard of 230/100 g 

i s used for faecal coliform count s in Canada . 

Other authorities, claiming col iforms to be 

effective "indicator organisms" for faecal contamination , h ave 

proposed standards requiring coliform level s of less than 100/g 

for frozen products, while some authorities have set standards 

of not more than 100/g for precooked products. The tentative 

coliform standard suggested by the Codex Alimentarius is less 

than 200/g ( Shewan 1970) . 

Standards for coagulase-positi ve staphyl ococci are a 

useful means of controlling poor handling and processing 

practices. In addition, these organi s ms must be considered 

potentially enterotoxigenic wh ich under certain conditions, can 

c ause food poisoning. Most standards set level s which a im to 

u se the staphylococcus count as a means of controlling poor 

handling technique, and coagul ase- positive staph ylococci are 

generally required to be l ess than 100/g . An except ion to thi s 

i s the Canadian standard , in which a count of greater than 

1000/g i s cause for rejection, and a count of greater than 

100/g i s _used to alert the l aboratory to more intensive 

sampling and t o ins tigate t h e necessary remedial action in the 

plant . 
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Although staphylococci are potentially enterotoxi-

genic, most authorities agree that appreci able levels of the 

enterotoxin are produced only after a considerable growth of 

the organisms, usually a populat~on of at least millions per 

gram must be obtained (Frazier 1967). Even so, enterotoxin 

production i s a factor that nrus t be considered since under 

certain conditions ( especially bet~een 21 and 31°c) the 

enterotoxin may become evident within 4 to 6 hours. Of 

further concern in this study is the heat stability of the 

enterotoxin, which can withstand boiling for 20 to 60 minutes. 

Thus the heat treatment proposed for the restructuring process 

would not destroy t h e enterotoxins, should any be present . 

The tentative bacteriological standard f or fish 

to be used fo r manufacturing the restructured product is 

sununarised in Table 5 : 4, This standard is based on the above 

discuss ion and is con s idered to be practically attainable and 

i s one that can be determined using fairl y simpl e procedures . 

As the hygiene of the plar.t is upgraded it may be possible, or 

even prove necessary, to make certain aspects of the proposed 

standard more rigid. 

TABLE 5:4 Standard proposed for fish to b e u sed f or the 
production of the restructured product 

Count not to exceed 

Total Count ( 25°C) 1 X 105/g 

Coliforms 200/g 

Coagulase-posi tive 
1000/g staphylococci 
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Areas for further investigation 

It is evident from the result of this examination , 

and from work done at other times, that much of the fish 

processed would not meet the standards proposed in Table 5:4. 

Sumner and Wilson (1973) reported that at two stages of 

processing fish were found to be particul arly susceptible to 

bacterial growth : 

( 1) 

( 2) 

When fro2en fish were thawed in l arge tanks of 

water overni ght the bacterial count was found to 

increase by one log phase . 

Total counts increased by three log phases during 

battering and crumbing operations . During this time 

the product which had previously been cooked, was 

also recontaminated with both staphylococci and 

coliforms . 

In addition it was found that the plant was frequently 

not properly cleaned after a day's production, and as a 

consequence the fresh product was contaminated from this source 

the following day . 

The work reported indicates the need for a regular 

quality control and inspection programme . Th e object of such 

a prog ramme would be to en sure t hat an acceptabl e standard of 

raw material quality , p roduc:t handling and of plant h ygiene and 

cleanliness be maintained so that spoilage of the fish and t h e 

product can be controlled. 

In the f ollowing di scu ssion sources of contamination 

which occur in fish processing are b riefly outlined as a basis 
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for future work. 

The flora of living fish depends upon the microbial 

content of the waters in which they live . The slime that 

covers the outer surface of fish has been found to contain 

bacteria of the genera Pseudomonas, Achromobacter, Micrococcus, 

Flavobacterium Corynebacterium, Sarcina, Seratia, Vibrio, and 

Bacillus (Frazier 1967). This initial contamination can be 

reduced considerably by thorough washing . 

In addition td the flora naturally present on the 

outer slime of the fish, contamination can arise from mud 

scraped off the sea bed by the net . The bottom mud may contain 

large numbers of bacteria, including pathogens. Clostridium 

botulinum type E has been isolated· from the bottom mud in various 

parts of the world, including U.S . A., Europe and Asia, and 

strains of Salmonella have been isolated from mud samples 

taken in New Zealand. Many fishing vessels in New Zealand are 

not fitted out with proper washing facilities, and there is 

a tendency to wash the fish in the dumping locker. This area 

is sometimes very restricted, and washing the fish in the 

dumping locker may spread mud and contamination on to fresh 

ice and throughout the working area of the hold. 

Most fish landed in Auckland is caught off the 

Northland coast. These waters are known to reach temperatures 

in excess of 24°c during the height of the sununer season. At 

these temperatures bacteria can multiply r apidly, and the 

temperature of the fish must be lowered as quickly as possible 

if serious contamination is to be avoided. Flaked ice is 

normally used to reduce the temperature of the fish, but i s 
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only effective if it is distributed evenly around the fish as 

they are stored away. 

During the early stage of spoilage, most bacteria 

will be confined to the skin, g ills and the gut . This is 

generally true for up to seven or eight days storage if the 

fish have been correctly iced. Thus the bacterial nuniliers 

on the fish can be reduced quite considerably by thorough 

washing when the fish are w1loaded at the factory. 

If the fish have been roughly handl ed at sea, such as 

by an excessively long haul in a trawl, or by incorrect use of 

dividing boards and tools such as fish picks and shovels, they 

may be bruised or crushed to the point where the skin has 

broken or the gut has rupture. In such cases the bacteria 

will invade the f lesh and contaminatlon will become deepseatcd. 

Such fish will be unlikely to meet the standards outlined 

( Table 5:4) and washing will not be effective in reducing the 

bacterial numbers. 

The effectiveness of washing depends on how this 

operation is performed. Continuous systems in which high 

pressure water is sprayed over the surface of the fish can be 

most effective, whereas batch systems in which fish are dumped 

in a large tank of water can in fact be a source of contamination. 

Washing, however effective, will not remove all the 

bacteria on the fish, and the remaining bacteria will continue 

to multiply after washing. The rate at which these bacteria 

multiply .wi ll be dependent on the temperature of the fish, and 

if spoilage is to be controlled, i t i s important that the 

temperature of t he fish is not allowed to rise greatly during 
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process ing . In thi s regartl some authorities have proposed 

0 a maximum temperature of 7. 5 C. As water used in some 

Auckland fish processing factories commonly exceeds 21°c 

during sun@er, it may prove necessary to incorporate a water 

chilling plant in the factory. 

Containers, processing equipment, benches and tools 

which come in contact with the fish during handling and 

processing arc also known to s pread inf cction. Likewise 

airborne dust from dirty surroundings may blow on to and 

contaminate the product . 

To control these course of contamination a thoroug h 

cleaning routine is essential. Fish slime, whilst easy to 

remove ~,en wet, i s very difficult to remove once it h as been 

allowed to dry . Fi s h residues are also more easily removed 

when wet. I t is t herefore important that containers, benches 

and processing equipment are cleaned immediately after use . In 

addition the plant should be washed and scrubbed down at l east 

daily . Due to the tenacious nature of any dried fish slime , 

it is necessary to make use of an abrasive cleaner such as 

sandsoap . 

Processing plant, such a s the meat/bone separator and 

mixing machines in which the product is spread over the working 

surface of the machines, should be stripped down and washed 

during the tea breaks and in the lunch hour. This will avoid 

this equipment building up a high bacterial load over a period 

of time thus increasingl y contaminating the fre s h product . 
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While bacteria are prevented from entering the flesh 

of the fish, and are contained. on Che surface of the fish, 

spoilage is most readily controlled. When the fish :i.s 

p assed through the meat/bone separator, the pressing and 

s h earing actions spread the bacteria from the surface of the 

fish, throughout the ntlncc as it is produced . For this reason 

the production of a lRrgc stockpile of fish mince should be 

avoided, and the mince should be processed only at the rate 

at which it can be put into a more stable form. Thus the 

fish mince production should be geared to the requirements 

of the restructuring process , the fish being stored in the 

whole or gutted state rather than as mince . 

Provisional cleaning Schedule 

The cleaning schedule for the restructuring process 

presented here is a guide line, the purpose of which is to 

provide the processor with s uggestions that will help to 

produce a product h aving an acceptable microbiological quality . 

Daily Cl eaning Sequence 

Dismantl e P rocessing equipment . 

Mechanically or manuall y remove l oose dirt by scraping 

and brus hing equipment and floors . 

Rinse all equipment and floors thoroughly with cold 

or warm (less than 40°c) water. Because fish r esidues and 

other proteins coagulate at high er temperatures and may become 

baked onto the contact surface , remove these material s at 

temperatures below 40°c (1 00°F) early in the cleaning process . 
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Scrub down either by hand or with high pressure hose 

systems with a warm (45-S0°c) s olution of an acceptable 

detergent or scouring agent made up to suppliers instructions. 

Rinse twice with clean warm water at a temperature 

o f about 60°c (140°F). Hot water is more effective than cold 

water in rinsing off fats, oils and inorg anic material, but 

too hot water at this stage may lead to build up of residues 

that are not effectively rinsed away. 

When equipment and floors have been washed, scrub 

o pen drains and empty sump baskets. 

Sanitize all equipment with an acceptable bactericidal 

agent, chlorine compounds are most widely used, and reconunended 

streng ths are g iven in Table 5:5. 

Rinse with cold potable water (a thorough rinse with 

cold potable water should follow any operation involving a 

chemical sanitizing agent). 

Repeat the santizing process immediately before 

start up. 

TABLE 5 : 5 Concentrations of Chl orine reconunended for use 
in f i sh processing plants (cited Perry Lane 1970) 

Use 

Wash water 

Rinse wa ter on hand s 

Clean smooth sur face ( wash basins, 
urinal s, glassware) 

Clean smoot h wood, metal or 
synthetic s urfaces (new boxes, new 
tabl e t o?s, conveyor belts, 
machines) 

Rough s urfaces ( worn tables, old 
boxes, concrete f loors and walls) 

Chlorine available (ppm) 

2 - 100 
100 

so - 300 

300 - 500 

1000 - 5000 
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In addition to the daily cleaning operation outlined 

above, some of the plant may be required to be dismantled and 

washed do,m at regular intervals throughout the day. A 

schedule for these operations is ·s ununariscd in Table 5: 6. 

Note: No work was done on the cleaning requirements of 

the batter and crumb machine. The dismantling and cleaning 

of the batter pumps and holding tank arc based on published 

work, and may have to be modified in a specific situation. 

TABLE 5:6 Cleaning requirements of processing 
plant in product ion 

Unit 

Fish container 

Meat/bone Separator 

Mincing and 
Mixing machines 

Extruder and 
extrusion nozzl es 

Continuous cooker 
a nd cooling 
conveyor 

Cutting machines 

Batter and 
Cr u mb machine 

Packing Tabl e 

Cleaning Operati on 

Regular or Hourly 
Intervals 

Thoroughly rinse and 
wash immediately 
after they are used. 

Dismantle at end of 
each run and wash 
parts thoroughly 

Tea and Lunch 
breaks 

Remove drum and 
wash dO\m drum and 
belt 

Dismantle and 
wash down 

Clear of product 
a n d wash dmm 

Dismantl e and 
wash down 

Di smantle pump , 
and wash down ; 
discard old batter 

Clear of product 
and wipe do,m 



SECTION VI 

Process and Plant developed for the production 
of re s tructured fish mince 
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The r-estructurcc.l, or heat-gelled fish mince, has been 

developed for use in the production of battered and crumbed 

products, such as fish fingers, thus for this section the 

restruc~uring process is considered in the overall production 

o f these products. 

Fish fingers are traditionally processed from skinned 

and boned f illets . The fillets are packed and frozen in metal 

trays or moulds, and the fingers are cut from the frozen blocks . 

It is important that the fingers are not allowed to thaw after 

they are cut, as they depend on their frozen state to retain 

their shape . The cut portions are passed through a battering 

and crumbing plant, from which they are sometimes deep dried 

to stabilize the structure of the product and improve its 

appearance. Packaging is followed by refreezing the product 

which is stored at -18°c. 

Raw fish mince is viscous and tacky after beating in 

the presence of s alt. This property allows the mince t o be 

extruded in the form of a continuous band . A further charact­

eristic of the restructured product is t hat it does not depend 

upon freezing to retain its shape, but upon the gel which is 

formed upon cooking. These properties have been u sed as a means 

to simplify t he traditional fish finger process, and enable 

recovered fish mince to be u sed in a continuous process which i s 

described in this Section. 

Process outline 

The procedure used for the preparation of test samples 



TABLE 6:1 Operation sequence used fo r the preparation of test samples of restructured fish 
mince and the process used for the production of product for use in fish f inger production 

Operation sequence in test sample preparation Operation sequence in continuous process 

No . Operation Materials handling, Sampling INo. 
storage, deliberate measurement & 
delay inspection 

Operation Materials handling, Sampling 
storage, deliberate measurement 
delay & inspection 

1 I jRecei ve fish mince 
2 Gri nd mince to 

I 

1 I !Receive fish mince 
2 Grind mince to 

appropriate 
particle size 

3 

4 !Mix in additives 
solubilizing 
myofibrillar 
protein 

5 

6 

7 !Steam 20 min. 
at 100°c 

8 !Cool to 30°c 

9 

10 !Cut test sample 

~old 24 hours for 
salt equilibration 

~ack mixture into a 
~ooking vessel 

Weigh mince & I 3 
additives 

appropriate 
particle size 

4 I Mix in additives 
solubilizing 
myofibrillar 
protein 

5 

6 Extrude as a 
continuous band 

~oad mixture into· 
!extruder 

7 

8 

Steam for 9 min 
I at 100°c 

Allow to 
equilibrate 

Q 
12 hours to O C 

· Cool to 30°c 

9 jCut into fish 
finger size 
portions 

Weigh mince 
& additives 

>--' 
>--' 
Vl 
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of restructured fish mince outlined in Section III can be 

divided into ten operations . These operations have been 

modified as shO\vn in Table 6 : 1, to enable the restructured mince 

to be produced in the form of a continuous band of product . The 

product can be cut into fish f inger portions, and battered and 

crumbe d a s it i s produced. 

The two holding stages in which the salt was allowed 

to equilibrate and t he temperature of t h e product brought to o0 c 

h ave been eliminated fro m the continuous process to allow for 

the direct h andling of the product from one operation to the 

next, and to avoid hold ups in production . This change necess­

i tated modifications to the process as discussed later. 

Development of pilot plant 

In the pilot plant the b eai~en mince was extr uded as a 

band 0.5 in. thick by 6 in. wide , u s i ng a sausage filler fitted 

with a specially fabricated extru sion nozzl e . The extruded f i s h 

product was collected on a conveyor which c arried it through a 

steam tunnel in which the product was cooked to set it in i ts 

gel form . After cooking , the product was lifted off the belt 

using a scraper blade and collected on trays f or cooling. A 

schematic diagram of the pilot plant is given in Figure 6 : 1, 

and a p lant specification is sununarised in Table 6:2 . 

FIGURE 6 : 1 Schematic di agram of the pilot scale plant u sed in 
experiments on the development o f a continuous process 
for the production of restructured f ish mince 

Steam tunnel 
;Scraper blade 

~-----....:....----------......= 
Cooling tray 

Motor 



TABLE 6:2 Pilot Plant Specification 

Item 

Functi on 

Size 

Capacity 

Materi al of 
construction 

Temperature 
range 

Motive Power 

Saus age fi ller fitted with 
extrus ion nozzle 

Ext rude raw b eaten mince 
into a continuous band 

. O.S in . thick, 6 in . wide 

Inches diameter, inches 
long 

10 lb product 

Body - mild steel 
Nozzle - stainless steel 

- 10°c 

Manual 

Conveyor belt 

Carry mince t hroug h steam 
tunnel 

9 in. wide 
7 ft 6 in . long 

13.5 - 120 l b/hour 

Frame: Dexian 
Bel t : Plas tic coated 

plied canvas 

10°c - 100°c 

1 h.p. DC motor with 
variabl e power input 

Steam tunnel 

Cook mince to effect the 
gellation of the product 

4 ft 6 in . long 

40 lb/hour 

Stainless steel 

100°c 

. 25 lb steam/lb product 

1--4 
1--4 
-....) 
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Discussions on Experimental Work and 
developments on ·Llte pilot plant 

Extru s:i.on 

1 18 . 

In early experiments the mince was placed in a vertical, 

bottomless hopper situated directly over the conveyor. The 

hopper was fitted with an adjustable opening through which the 

mince was drmm by the action of the conveyor bel t. This 

operation was not successful as the product did not flow 

uniformly and it was found t h at positive ·displacement was 

required to extrude the mince uniformly . 

Sausage fi l lers are used for the extrusion of meat 

and fish products into casi ngs, and such a unit was readily 

a pplied to the extrusion of the rest ructure d product . 

The sausage fillel' used in the pilot plant was a 

mclnually operated model in which the product was forced out of 

t h e cylindrical holding vessel by the acti on of a piston . 

Th e filler h ad a capacity of 10 lb product, and was fitted 

wit h a specially fabricated stainless steel nozzl e to extrude 

t h e fish i n the form of a band 0 . 5 in. t hick and 6 i n. wide . 

A detaile d diagram o f this n o z zle is shown in Fi gu re 6 : 2. 

FIGURE 6 : 2 Detailed drawing of nozzle used for t h e extrusion 
o f continuous band of r estructured fish 0 , 5 in . 
thick by 6 in . wide 



Effect o f salt concentration and aperture size 
on the operation of the extruder 
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If the fish mince was fi lled directly into the 

sausage filler and extruded, extrusion was not uniform and the 

band was incomplete , c ontaining holes and g ap s , making it 

unsuitable for the production of fish fingers . \\Then salt, is 

beaten into the mi nce with a hig h speed mixer the product 

becomes vi scous and extrusion is more uni.f orm. 

When t he extrusion nozzle shown in Figure 6 : 2 ,vas 

u sed, the extruded b and was consistent and unif orm when 0. 8% 

salt was beaten into gurnard mince . Work was also done on a 

similar nozzle giving a band 0.25 inches thick. This nozzle 

was found to g ive a cons i stent band of product when only 0.6% 

salt was added, suggesting extrusion is more unif orm on the 

narrower nozzle. 

It was also found that as the rate o f extrusion was 

increased s o the extruded product became more uniform. An 

explanation for these observations is that the extruded product 

becomes more uniform as pressure across the extrusion nozzle 

is increased . In the above c ases this was achieved by an 

increase in the product viscosity, decreasing the nozzl e 

aperture and by increasing the rate of extrusion. 

This suggests that the desig n of the nozzle will 

affect the uniformity of extrusion, a longer nozzle in which 

the pressures are higher giving the more uniform extru sion. 

As work was not done on a great variety of extrusion nozzles, 

this is an area requiring further investigation. 



Tests on multi-aperture nozzles 

A multi-ape rture nozzle was tested for the direct 

extru~ion of fish fingers. The aim of this investigation 

was to e liminate one of the cutting operations that would 

be required if a single band of fish were to be cut into 

fish fingers. The nozzle tested contained six apertures, 
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each apertur·e extruding a band of fish 13/16 in. wide by ½ in. 

thick. It was found that extrusion was not uniform, some 

apertures blocking , causing others to extrude extra fish. 

This problem was not overcome and the multi-nozzle extruder 

was not considered practicable. 

2. Heat gellation of continuous bandaf product 

In the pilot plant the cooking operation took place 

as the product was carried through a steaming ttmnel on an 

endless conveyor belt. 

The conveyor was driven through a series of pulleys 

and a 75 : 1 reduction box by a 1 h.p. DC motor. The motor was 

connected to a variable power source, which allowed for belt 

speeds of 2 to 18 inches per minute. 

The steaming tunnel was constructed of stainless steel 

in the form of an enclosed box 4 ft 6 in . long, 10 in. wide and 

6 in . high. The conveyor belt was made to run along the bottom 

of the steaming tunnel, ensuring good support for the product 

on a flat surface. This reduced the tendency for the gel to 

crack or to break apart as it was formed. The ends of the 

tunnel were closed by f lexible rubber flaps, which reduced 

steam losses, but allowed the product to pass through the 
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tunnel. Steam was fed directly into the tunnel by a 1 inch 

sparge pipe running down its length. Six 3/16 in . holes 

were drilled at 8 inch intervals in the top of the pipe to 

give even steam di s tribution in ·the tunnel. 

A polyvinylchloridc coated plied canvas belt was 

used to convey the produc t through the steam tunnel. Although 

the mo.nufncturer claimed that the belt could withstand steam 

cleaning, it was reconunended that normal ope rating tempe ratures 

should not exceed 71°c. 

Evaluation of optimum cooking time 

When the mince i s run into the steaming t unnel for 

cooking , heating is effected by the steam injected over the 

top of the product. Heat is transferred from the top to the 

bottom of the extruded band of mince, thus the point of slowest 

h eating i s at t he interface between the product and the 

conveyor belt. 

The temperature at the interface between t he product 

and the conveyor was measured by taping a thermocouple wire 

to the conveyor belt and extruding the product over the probe . 

The cooking time was changed by varying the belt speed and 

appropriate adjustment of the extruding rate. The temperature 

at the point of slowest h eating for a variety of cooking times 

is shown in Table 6:3. The approximate equilibration 

temperatures (i. e. temperature mid point of slab at the end of 

the steaming tunnel) are also shown . 
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TABLE 6 : 3 ReL:ition between the cooking time and the 
temperature of the restPucturcd fish product 

I 
Conveyor Cooking 1'empcr.:i.turc at inter- I Approximate 

speed time face between product equilibration 
(in. /min.) ( min .) and conveyor ( 0 c) temperature ( 0 c) 

18 3.0 26.0 47 . 0 

10 5.4 46.5 72.5 

7 7 . 5 54.0 79 . 5 

6 9 . 0 62 . 6 86 .0 

4 13 .5 74.4 90.0 

It was found that the band o f p r oduct did not g el 

throughout until the interfacial temperature exceede d 53°c . 

After cooking to this temperature the product was seen to crack 

or break apart. Thi s tendency was reduced as the t emperature 

was . increased, and when the interfacial temperature was 

allowed to reach 65°c breaking up occurred only at lower salt 

levels . 

Whilst it i s desirable to cook the product to higher 

temperatures for the r eduction of bacterial numbers, it can be 

seen that small increases in cooking temperatures require an 

increasingl y long time due to the decreasing temperature 

differenc e between t h e steam and the product. A long cooking 

time r equires a longer cooking tunnel for a g iven capacity, or 

would result in a reduced capacity for a give n tunnel. 

Optimum binding of the product appeared to have 

occurred when thP, interfacial temperature reached 65°c . The 

coinciding equilibration temperature was measured at about 75°c, 

wh ich from Section V, can be se.en to g ive effective pasteur­

i zation . From Table 6:3 it can b e seen that these temperatures 
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are achieved after cooking the product in the steam tunnel 

for nine minutes. 

3. Effect of binding ci1nracter of the restructured 
product on i,hc operation of the plant 

In Section III it was sho1m that the textural 

characteristics of the restructured product could be modifie d 

by varying -the sal t content, the moisture content and by 

grinding the product to change the mince particle size . It 

1vas also shown that in order to have similar textural qualities 

to those of cooked fillet, the product was required to have a 

high Degree of Breakage and to rupture under low pressures. 

These characteristics are achieved when the product has 

relatively 1veak binding properties . When such products were 

passed through the pilot plant the band broke apart as it was 

scraped off the conveyor. This effect could be reduced by 

increasing t h e salt l evel in t h e product and not adding any 

water . Although these products were r eadi ly processed, they 

were dry and toug h on eating. 

The restructured f i s h mince processed on the pilot 

plant appeared more loosely bound than a similar mixture cooked 

in a glass petri dish. This may be due to the effect of 

condensate collecting on the product in the steaming tunnel, 

diluting or weakening s ome of the structure before it is gelled. 

A further consideration on the pilot plant i s that the 

product is to be removed while it is still hot. In this 

condition some of the gel-forming material has not set and the 

gel structure is not as strong in the warm product as when it 

is chilled. 
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A large number of fish mince mixtures were 

investigated before a product was made with good binding 

properties and an acceptable eating quality. The properties 

of some of these mixtures are summarised in Table 6:4 . · 

Extrusion ix1 this table refers to extruding the product through 

the 0. 5 in. nozzle shoim in Fig ure 6: 2, and the product was 

cooked for 9 minutes in the steam tunnel . 

From Table 6:4 it can be seen that an acceptable 

compromise in the handling properties and the eating quality 

of the product was not pos s ible from a single treatment . The 

problem was eventually overcome by dividing the mince into 

two portions, and treating each portion separately . 

One portion was regarded as the binder and was 

prepared by beating or grinding the mince in the presence of 

added salt and water until the mixture became tacky and 

showed good binding characteristics . The second portion of 

the mince was not treated in any way, allowing the particles 

of mince to retain their natural structural qualities . 

A number of restructured products based on the 

principle of mixing an untreated portion of mince in a binding 

fraction were prepared. The preparation and the properties 

o f the two most s uccessful products have been s ummarised in 

Table 6 : 4. The raw blend was generally found to have properties 

s imilar to the binding phase, in t h at t h e mixture was very 

sticky and extruded uniformly. 

The h andling properties of the cooked product were 

found to depend on t h e properties of the binding phase and on 



TABLE 6 : 4 Summary of properties of different fi sh mince preparations processed on the pilot plant 

100.0% 

99.5% 
0.5% 

99 % 
1 % 

87 % 
12 % 
1 % 

65 . 6% 
34.4% 

50 . 0% 
50.0% 

Ing redients I Preparation 

Gurnard mince I Beat in Kenwood 
90 seconds 

Gurnard mince Beat in Kenwood 
Salt 90 seconds 

Gurnard mince Beat in Kenwood 
Salt 90 seconds 

Gurnard mince I Beat in Kenwood 
Water 90 seconds 
Salt 

Gurnard mince - untreated 
Binder consisting of : 85. 0 % Gurnard! 

mince 
16 .36% Water 

1. 64% Salt 

Gurnard mince - untreated 

Binder as above 

Grind binder in 
bowl chopper for 
5 min. Gently 
mix binder into 
untreated mince . 

Grind binder in 
bowl chopper f or 
5 min . Gently 
mix binder into 
untreated mince 

Processing properties Eating 

Raw mi xture Cooked product 
Quality 

I Poor crumbled apart I Dry, 
extrusion easily crumbly 

Poor crumbled apart I d 
extrusion . 1 goo eas1 y · 

Good g ood binding, I rubbery 
extrusion handled well & chewy 

during process 
I 

I Poor 
extrusion 

/crumbled apart j very 
easily I good 

Good Isome 
extrusion crumbliness 

i 

I 
Very 'Good handling 
g ood 
extrusion 

I very 
good 

I very 
good 

,.... 
N 
<.rt . 
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the ratio of binding material to untreated material, ,vhile 

the eating quality appeared to be dependent on the presence 

of unt~eated fish ndnce . 

The sample made from 50% binding material and 50% 

untreated mince (Table 6: 4) was found to have very good 

processing properties, as it extruded uniformly and did not 

break apart ,.vhen handled after cooking. In addition, the 

product is considered to have very good e~ting qualities and 

the texture resembled that of cooked fish . This can be seen 

in Table 6:5, where the results of the textural characteristics 

of the restructured product evaluated on the OTMS equipment 

have been compared with the textural qualities of cooked fish 

fillet. 

TABLE 6 :5 Comparison between the textural cl1aracteristics 
of restructured fish mince processed from 50% 
binding material and 50% untreated material, and 
cooked trevally fillet 

Mean Value 

Classification 
Trevall y Restructured 

Fi llet Gurnard 

Youngs Modulus 0 . 3 lb/in. 
2 0.206 lb/in.2 

Average Break Force 0.5 lb 1.47 lb 

Degree of Breakage 30 .0 % 24.5 % 

Cooling Requirements 

It was found that even though the product held 

together in the form o f a wide band when cooked, there was a 

tendency for the product to break if it was cut into fish 

f inger sized port ions hot. I~ after cooking,the product was 

\ 
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chilled to o0 c it "'as very readily cut "'ithou.t any signs of 

crumbling or breaking . The reason for this is thought to be 

due to the gel formlng materials not setting completely until 

the product has r e ached coole r temp e ratures . 

Chilling to o0 c requires the product to be held 

for about 12 hours in the chiller. Such an operation "'oul6 

break the continuous nature of the process , and requires extra 

handling of the mat erial. A compromise was therefore made to 

find a tempe rature at which the product could be cut efficiently 

after cooling on a continuous system at ambient temperature. 

It was fom1d that the product of 50 % binder , and 

50% untreated mince , could be cut and handled as f i sh finger 

sized portions when the product was cooled below 30°c . The 

cooling rate of the 0 . 5 in. restructure d fish slab ,vas measured 

by inserting a thermocouple into its centre with the thermocouple 

connected to a Vari an millivolt r ecorder . The cooling experiments 

were carried out on open mesh trays. In one set of experiments 

a fan was used to ag itate the air over t he product . The results 

of the cooling experiments, which aPe sununari sed in Table 6 : 6 , 

0 are based on cooling in air at a temperature of 21 C. 

Cooling the product to bel ow 30°c does have the 

advantage of e n abling more gel f orming material to set . It is 

a l so noted t hat 30°c is the optimum growth temperature for many 

bacteria ( Section V), and so if the product is cut , battered and 

crumbed at t hi s temperatu re, quality standard s wil l have to be 

p articularly stringent. 



TAnLE 6 : 6 Comparison hcbveen cooling a slab of O. 5 in. 
rcstructurecl fish mi11cc on an open me s h tray 
by nntn ral convection and by air circul ated 
wi-t,h a fan - aj.r tcmqcn"ature 21 oc 

Temperature in centre of product 
Time 
( min .) Cooled by natural Cooled by circulated 

conv0ction ( 0 c) air (OC) 

0 75.0 75.0 

2 70.0 60.5 

4 59.5 47 .5 

6 51. 6 37.5 

8 43 .5 32.0 

10 37 . 2 27.8 

12 32.8 25 . 5 

14 30.0 I 23.8 

The disadvantag e of cooling the product to below 
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30°c is that it takes an increasingly long time . I f the product 

is to be continuously cooled on a conveyor, it is important 

that the cooling time be kept to a minimum, as the leng th of 

the cooling conveyor is directly related to the required 

cooling time . In view of this situation it was d ecided not to 

cool the product below 30°c. 

Experimentally (Figure 6:6), it was found that the 

centre of an 0.5 inch slab of restructured fish mince took 

13 to 14 min. to cool fr-om 75°c to 30°c by natural convection. 

Cooling time was shown to be reduced to 9 min. if a blower fan was 

used to circulate the air over the product. 
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Cutting the product 

After the r estructured product has been cool ed to 

0 
30 Corless, it is firm and can readily be cut with a sharp 

knife or wire cutter. 

The s labs of restructured fish mince prepared on 

the pilot plant were cut into fi s h finger sized portions using 

a kitchen knife and a met.:il guide . A continuous cutting system 

was not investi gated . 

Battering and crumbing of r estructured mince 

Work was not done on developing a batter for the 

restructured product . It i s noted however , that in t h e traditional 

fi s h finger process some of the batter pickup is a result o f t h e 

batter freezing on to the frozen product. As the restructured 

product i s not frozen prior t o battering , it may b e necessary 

to re-formulate t he batter u sed on the frozen product t o a llow 

f or this feature . 

Preparation of restructur e d product with layer s 
simulating myotome structure of f i s h muscle 

An alternative to the continuous process is the 

production of the restructured f ish mince as blocks of layered. 

product . 

The l ayering effect is achieved by extruding the 

mince int o a band 0.20 inches thick and gelling the product by 

pas s i ng it through t he steam tunnel as d escribed previousl y . 

The band is then lif t ed off the conveyor and collected in an 

oscillating container; the o s cillat ing movement causes the band 

to fil l the box in layers . The produc~ is then pressed to 



remove air pockets between the layers and then frozen . 

After freezing, the blocks are cut so that the 

layers of the restructured product simulate the myotome 

organisation in a natural fillet . The product is then 

battered and crumbed in the u s ual manner . While the extra 

operations involved in the layering process will add to the 

operation costs of the process, the features of the layered 

product may be found to increase the value of the product 

to offset these costs. 

130 . 
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SECTION VII 

Note : 

1. 

Manuf <"lcturin..q: 1)1:mt <"lnd cost nnaJ.ysis of an 
industrial process to produce Cish fingers f rom 
r estrncturctl mince 

The m.:i.nufacturing operation outlined in this section 

h as been designed for the specific needs of Jaybel Nichimo 

Linli tcd Auckland. 

2. Althoug h the plant specified i s based on the work 

outlined in the previous section on the pilot plant , it is 

recommended that a qualified engineer is consulted to study and 

advise on t h e proposed process design . 

3 . The cost analysis shown at the end of this section 

was prepared in December 1973 , and costs may have to be 

r eassessed if t he process is considered at a later date. 

Process capacity 

The Company aims to produce I, 000,000 lb of fish 

fingers per annum. As the product can be produced during the 

winter months from stocks of frozen fish, it is assu med that the 

process will be operated independently of the day to day catch. 

This would allow the factory to operate f or 2 , 000 hours per 

annum on standard time, f urt her increases being possible through 

overtime . 

The plant has been designed for food handl ing and 

qui ck cleaning, so that 30 minutes a day should be adequate fo r 

the clean up operation outlined in Se ction V. The size o f 

t h e process would al l ow it to be stopped f or lunch breaks, 

althoug h it is reconunended that morning and afternoon tea breaks 



are staggered to allow for continuous operation. It is also 

reconuucnded that a supervisor and an assistant be appointed 

to prep·are materials and plant 30 minutes pr·ior to normal 

starting time. These steps would enable the plant to be 

operated for about 7½ hours during a uormal 8 hour day, that 

i s , about 1870 hours per annum. 

F1~om these figures it can be shown that the plant 

i s required to have the capacity to produce 540 lb finished 

product per hour. 

Process mass balance 

132. 

The manufacturing plan for fish fingers using 

restructured mince is d erived fro111 the work done on the pilot 

plant, and the operation sequence follows the continuous process 

summarised in Table 6 :1 . The raw materials used in these 

operations are fish, salt and water . Batter and bread crumbs 

are then applied to complete t h e product. 

The quantity of material u sed in the process has been 

evaluated on the basis of information gained in industry and on 

the experimental developments outlined in this thesis. The 

process mass balance s hown in Table 7:1 i s a summary of the 

materials used in t h e production of 540 lb s aleable product. 

A s light gain in weight experienced during cooking, 

due to the colle ction of condensate on the surface of the product, 

and the loss of weight during cooling are not noted in the mass 

balance a s these effects compensate f or each other . 

In addition to the usual loss of materi al which occurs 

during production , a loss factor of 5% of the fini s hed 
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product ha s been allowed fo r. Th:i.s factor will cover" the 

e ffective loss of saleable matcr.i.al whiclt occurs due to over 

weig h t packs and product damaged after production . 

TABLE 7: 1 Process m£u~s balance of rnate1"i.i'J.J. s required for 
the production of 540 lb fi~1 fingers from 
restructur ccl fish mince 

Haterial s used End Operation in process 
Material s cut for I 
further processing, Products 

Heading and 795 lb Gurnard 554 lb h eaded and 241 lb fish 
gutting gutted h eads 

Gurnard & offal 

Meat/bone 554 lb headed 414 lb fish mince 140 lb scrap 
separation and gut ted 

Gurnard 

Grind and 186 lb mince 228 lb binding 
beat binding 36 .3 lb water fraction 
fraction 3.7 lb salt 

Mix untreat- 22 8 lb binde r 456 lb mixed 
ed mince 22 8 lb mince product 
into binder 

Extrude 456 l b mixe d 456 lb h eat 
cook and pr>oduct gell ed 
cool product 

Cut int o 456 lb h eat 425 lb fish 31 lb cutting 
fish fingers gelled fingers losses 

product 

Batter fish 42 5 lb fingers 487 lh battered 11 lb batter 
fingers 73 lb batter product losses 

Crumb fish 48 7 lb battered 12 lb crumb 
f ingers f i sh losses 

finger s 24 lb product 
88 l b crumbs losses 

539 lb finished 
product 
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Selection and desiqn of manufacturing plant 

The pilot plant described in s ection VI was used as 

the d etermining principle in the selection of manufacturing plant 

for the p roduction o f fish fingers from restructured mince. As 

the Company already owns equipment which can be u sed in this 

p r o cess , ne,v equipment has been specified only where no alter­

natives are available. Where possible standard processing 

equip~ent has been s p e cified, a l though s pecially fabricated plant 

is required for the cooking and cooling operation s . 

The plant selected for the manufacturing process is 

outlined in the fo llo,ring list: 

1. Headin~ and gutting 

The fish wil l be h eaded and g utted by skilled knife 

hands using standard methods. Automatic processing plant i s 

available to handle a variety of fish species, but as the process 

is not directly conn e cted to the restructuring operations or 

developed experimentally in this thesis, it will not be di scussed 

h ere . 

2. Meat/bone separation 

An Ikenchi Fish Separator with a capacity of up to · 

1 500 lb recovered mince per hour is available for the meat/bone 

separation of the fish material . This unit recovers the edible 

flesh by a combi nation of tearing and shearing actions, forcing 

the flesh through a perforated drum. The flesh recovered from 

this machine was used in the experimental work, wi th good 

resul ts and will be used in the manufacturing process . 
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3. Grinding 

Although a bowl chopper was most satisfactory in the 

experimental work, grinding hns also been found to be effective 

using a mincer fitted with a 4 nun plate. As the Company owns 

such a unit it is not proposed to purchase a bowl chopper. 

The use of the mincing machine for the grinding 

operation wi~l require the grinding and mixing operations 

outlined in Table 6:1 to be modified. Instead of grinding the 

mince in the presence of salt and water, as in the bowl chopper, 

the use of the mincer requires the mince to be ground separately. 

The ground mince can then be beaten in a high speed mixer with 

the salt and lvater to form the binding fraction. The mixture 

is finally completed by mixing in untreated mince at slow speed. 

4. Mixing 

A Yanagiya mixing machine used in the factory for the 

preparation of fish cake mixtures has a capacity of 250 lb 

product. This machine can be u sed at both hig h speed and low 

speed, making it suitable for the mixing required in the 

restructuring process. 

5. Extrusion 

The success of the sausage filler for the extrusion 

of the fish mixture in the experimental work and the availability 

of these machines as standard items for the processing industry , 

has lead to the sel ection of a sausage filler for the manufact­

uring process . The ideal machi ne would have a holding capacity 

o f a bout 250 lb product. In addition , the machine should have 

i ndependent fixtures for three extrusion nozzl es . A suitabl e 

machine is not currently avail able on the New Zealand market. 
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Three companies dealing in food processing plant are agents 

for sausage fillers and could import a suitable machine as 

r equired . It is recommended that the following companies be 

consulted to offer specific ations on their respective machines . 

Henry 13erry Limited Auckland 

R.C. Dimock Limited Auckland 

A. M. Satterthwaite & Company Ltd Auckland 

6 . Extrusion nozzle 

The experimental extrusion nozzl e was fabricated to 

extrude the fish into a band 6 inches wide and 0.5 inches t hick . 

In the production process it i s necessary to extrude the band 

36 i nches wide . It is l ikel y that the extrusion of a unif o rm 

band of this width wil l be difficult to achieve with a single 

extruder, and so it is proposed to extrude three bands 12 i nches 

wide adjacent to one another . To ensure uniform extrusion each 

nozzle will be required to be fitted t o an independent filling 

h ead from the machine. 

The nozzles are to be fab ricated fro m 20 gauge 

stainless steel . 

7 . Steaming tunnel 

The cooking process developed in the pilot plant 

requires the product to b e steamed for 9 minutes on a continuous 

conveyor as it passes t h rol ,_~ h a steam tunnel operated at 

atmospheric pressure (100°c) . From the process mass balance 

shown in Fig ure 7 :1 it can be seen that 456 lb product is to be 

cooked each hour in the manufacturing process. Thus it can be 

shown that the conveyor is required to hold 68.3 lb (1.09 ft3) 

product in the conveyor when in operation. 
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PIGUHE 7 : 1 Dc!tails of proposed steam tunnel to cook 

4'1.(l l b 1·0 ~;Lructur·ccl fish proclttct p e r hour 
(Scale ½ in . = 1 ft ) 

1 . Frame Dctc1il 
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If the product i s extruded on to a standard 36 inch 

conveyor as a band 0,5 inches thick, the conveyor will carry 

7. 85 lb (0,125 ft 3 ) product per foot length; that is, the 

required 68.3 lb product can be carried on 8 ft 9 inches of 

Conveyor. Allowing 1 ft for the inspection of the extruded fish 

mince before steaming and 9 inches after steaming for the removal 

of the product, it can be s0en that the conveyor is requirf~d to 

be 10 ft 6 i1·.chcs long . In oddition it can be shown that the 

conveyor is to be operated at 0.972 ft per minute (11.7 inches 

per minute), the 9 minute cooking cycle bei ng achieved as the 

product passes through the steam tunnel 8 ft 9 inches long . 

A plan of the proposed steam tunnel i s s hown in 

Figure 7:1 . The construction specifications o f the steam tunnel 

as well a s the cooJ.ing conveyor have been included as a basi s for 

cost estimating only , and may be modified by a qualified 

engineer s hould mo re suitable materials become available . 

Frame : 

Construction specification of steam tunnel 

Construct of 2 inch RHS .128 mild steel; 

Galvanise by hot dip process. 

Steam hood: 

Conveyor Support : 

Steam Lines : 

Conveyor belt: 

Construct of 16 gauge aluminium, 

s upport with 2 x ¼ inch aluminium bars . 

Con s truct of 20 gauge stainl ess steel 

Steam distributed by 1 inch steam pipe 

Anziel Stedar PVC Food Quality conveyor belting : 

Code : TS 140 

No. of Plys : 2 

Max . working tension per inch width : 140 lb 

Covers: Top 1/32 

Bottom skim 



Cover material: PVC 

Overall thickness : 0 , 155 inches 

Minimum pulley diau~ter : 6 inches 

Temperature range : ::10°F to +160°F 

Friction value : 0 . 60 
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Note : Althou~1 this conveyor is only certified f or a 

normal working temperature of up to 160°F (71. 2°c) it was 

considered t o be the most suitable material available in New 

Zealand. Provided the plant is operated with a 0 . 5 inch band 

o f product, the conveyor belt temperature should not exceed 

67°c. Th e conveyor i s resistant to steam cleaning . 

Drums: 

Rollers: 

Drive: 

6 inch diameter x 38 inch face ; 

1¼ inch s haft. 

2 x 36 inch Polykleen Low Temperature Gravity Rol ler 

Motor 1 h . p . 

Gear Box : 1 x 60;1 4 inch reduction box 

1 x 35 : 1 4 inch reduction box 

The hood of the steam tunnel is to be constructed s o 

that it can be lifted off the conveyor for cleaning . Steam is 

to be distr i buted in the steamer by f our 1 inch pipes; the top 

of each pipe drilled with 16 x ½ inch holes at 6 inch centres. 

8. Cooling conveyor 

The cooling operation has been developed to be 

completed on an open mesh conveyor, collecting the cooked 

product directly from the steam tunnel. As the cooling operation 

follows on after the product has been cooked, the cooling 

conveyor must be operated at the same speed as the cooker, that 
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i s 0 . 972 rt per minulo (11 . 7 lnchcs per minute) . 

The time required to cool the product will vary with 

the ambient t.emperatul'c , but in view of the re s u lts of the 

experimen lal work on lhe pile t plant, should not exceed 9 minutes . 

This time will require the cooling conveyor to be 9 feet long , 

«nd 3 feel wide . 

A detailed drawing of t he proposed cooling conveyor 

i s shown in Figure 7: 2 . The height of this plant as shown in 

the diagram may have to be adjusted to allow the product to be 

dropped on to the receiving b elt of t h e batter and crumb machi n e 

afte r cutting . 

Cooling conveyor specification 

Frame: 

Conveyor belt : 

Drums : 

Drive: 

Consll'uct of 2 inch Rl-IS . 128 mild steel ; 

gal vanised by hot dip process . 

Stainless steel me s h b e l t , type re 712 

Gauge : 16 

Mesh s ize : Pitch .!. inch 2 

Spiral size ½ inch 

Construction : Balanced weave , alternating left 

and rig ht s croll with crimped pin . 

Support : 3 x 36 inch Polykleen Low Temperature 

Gravity Rollers. 

6 inch diameter x 38 inch face, 

1¼ inch shaft; 

driving drum to be rubber coated. 

Motor: 1 h. p . 

Ge ar box : 1 x 60 : 1 4 i nch redu ction box 

1 x 35 : 1 4 i nch reduction box 



141. 

PIGUR.E 7: 2 Details of propo sed cooling conveyor to cool 
446 lb restructured f:ish product per hour 
(Scalet in= 1 ft) 

1. Frame Detail 

I 

1 
2. End View 

n 

3. Side View 

(j 

'O 

Conveyor drum 

Gear boxes 

Motor 

Adjustable 
feet 

Supporting 
rollers 
Guard 
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Cooling fans : ½ h.p. motor 

4 blade flexif an fitting 

9, Cutting plant 

Althoug h a continuous cutting sytem for the 

restructured product J1as not been investigated, it is envisaged 

that either static, oscillating, or circulating knives, or 

wire cutters, or a combination of these can achieve the desired 

result s . 

It is recorrunended that research on the use of these 

systems be completed before the overall restructuring process is 

i.mplemented . Experimental ,vork on the cutting s ystems can be 

done in the factory on restructured .mince prepared by cooking 

the product in trays. 

In the cost estimate which follows , it has been 

a ssumed that oscillating knives will fulfill the cutting require­

ments, and that the development and fabrication of a suitable 

plant can be achieved for $1500.00, 

Estimated cost of processing plant 

The cost of the processing plant required for the 

manufacture of fish fingers produced from restructured mince is 

summarised in Table 7 : 2 . 

Existing plant has been included in this estimate 

to be used in the calculati on of manufacturing co sts , and has 

been valued at the current replacement cost less depreci ation . 

The cost of new plant has been estimated from 

information forwarded by agents and suppliers as shown. 
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TABLE 7 : 2 Cost ~stimate of P rocessing Pl ant u sed for 

t h e manufncture of f i sh fingers from r estruct ure d 
mince 

Process Plant Specification 

Yanag i y a Fi s h Separator 
Yanagiyn Fish Chopper 
Yanagi y.:1 Hixing Hill 
AEaka Battering fr Crumbing 
Machine 
Packing Tab le 
Wrapping Table 

Total value o f exi sting p lan t 

Oil-hydrau l ic sau s age f iller 

Extrus ion Nozzles 

Steame r: 

Motor a nd g ear boxe s 
Drums 
Polyk l een Rolle r s 
PVC Conveyor b elt 

Vee b e l t guard 
103 ft x 2 in. RHS .128 mild 

stee l 
11 x 5 ft: 20 g auge s . s . 
10 x 5 f t 16 g auge aluminium 
20 ft x 2 in. x ¼ aluntlnium bar 
32 ft x 1 in. steam pipe 
12 ft x ½ in. s . s . rod 
Galvanising charg e 
Fabrication charge 

Cooling conveyor: 

Motor and gear boxes 
Drums 
Polykleen rollers 

S.S. Mesh belt 

7 2 ft x 2 in. Ri~S. 128 mild 
steel 

Vee belt guard 
Galvanising charg e 
Fabrication charg e 

2 x ½ h. p. fans 

Cutting machine : 

I t e m 
Cos t 

$ 

7 _50.00 
142 .00 

8 . 00 
80.00 

150 . 00 

50 . 00 
105.00 
30.00 
34 . 00 
13.00 
6.00 

60.00 
730.00 

750.00 
222.00 

12.00 

231.00 

36.00 
150 . 00 

50.00 
750.00 

172.00 

Total cost of plant to be purchased 

Plant 
Co s t 

$ 

Source of 
Information 

3664.00 Existing plant : 
964.00 

1410.00 

5716.00 
·650.00 
500.00 

12904.00 

current 
replace ment 

costs 
les s 

depreciation 

2500.00 R. C. Dimock 
Ltd 

105.00 E . Edwards 
Estimator 

2158.00 

2201. 00 

1500.00 

8464.00 

I 

jPaykel 
)Bros Ltd 
) 

) 
) 

)E. Edwards 
jEstimator 
) 
) 
) 
) 
) 

) 
)Paykel Bros 
) Ltd 

) 

Faul kner & 
Collins 

~E . Edwards 
)Estimator 



Building .:ind Structures 

The manufacturing process is to be installed in 

an existing building valued at $320,000. The building is 

s ited on leasehold L:md, half the annual l ease of $7, 800 

being accounted t o production . 

As the process will occ,upy about 25% of the 

available floor space in the building, this figure has been 

u sed in costs relating to the building and structures. 

Installation of Services 

144. 

TI1e facto ry is supplied with all the services required, 

including refrigeration, electricity, water, steam, compressed 

air and drainage, and installation 6f services is included in 

the building costs . 

1. 

Direct Manufacturing costs 

Raw Material Costs 

The raw materials used in the production of one 

million pound s of saleable fish fingers have been evaluated in 

Table 7 : 3 . 

TABLE 7 : 3 · Cost of raw materials used in the production of 
1, 000,000 lb fish fingers 

Material Requirement Unit value Total Val ue 
(lb) $ $ 

Green Gurnard 1, 475,000 0.09 130,750.00 
Salt 6, 840 0.0366 250 . 00 

( Fl our 63,100 0 . 0597 3,760 . 00 
Batter ( 

( Co rnflour 18,000 o. 1617 2,905 . 00 
Bread crumbs 163,000 0 .1 8 29 , 394.00 

Total cost Raw Materials 166 , 859.00 
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2. Labour 

The labour requirements sununarise<l in Table 7: 4 have 

b een evoluated on the basis of the-production of 540 lb product 

per h our . 

TABLE 7 : 4- Summary of Labour requirements for the production 
of 540 lb fish fingers from restructured mince 

Operation Labour requirement 

Heading and gutting 

Washing f i sh and meat/bone separation 

Grinding mixing and extrusion 

Battering and crumbing 

Packing 

Current l abour rate : 

2 men 

1 man 

1 man 

1 man 

6 women 

men 

women 

$ 1, 39 p e r hour 

$ 1,13 per hour 

Costs have been allowed for two men to spend one hour 

a day on plant start up and cleaning down operations . I t i s 

assumed that the factory will work 8 hour days., 250 days per 

annum. 

Th e annual labour rate ha s been evaluated as foll ows : 

Standard hours o f ,vork : 

5 men at $ 1 ,39 for 2,000 hours 

6 women at $ 1~3 for 2,000 hours 

Overtime : 

2 men at $2,09 fo r 250 hours 

Annual payroll 

Holiday pay 

Allowances : 5 men: 48c/week 

$ 13,900 . 00 

$ 13,560.00 

$ 1,045 . 00 

$28,505.00 

$ 1,140.00 

$ 120.00 
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6 women : 46c/,"eek $ 138,00 

Annual direct labour cost $29 ,903.00 

3. Snpcrvj s ·i.on 

The process is under s upervision of one qualified 

supervisor, who wil] have the responsibility of preparing 
.. 

batter mixes ,md assisting in weighing out additives such a s 

sal t and water . In nddition , the supervisor ,rill be responsibl e 

to the quality cont1·ol clepnrtment for the quality of the 

product and for planL hygiene . 

A salary o f $4 , 500 per annum has been allowed for 

the Supervisor . 

4. Maintenance 

Malntenancc costs have been esi.,imated as 5% of the 

value of plant, and is based on the cost estimation of Aires 

and Newton ( 1967) an d Buchanan and Sinclai r ( 1966) . 

Estimated maintenance cost = 5% of $21,36 8 .00 

= $1,069 . 00 p e r annum. 

s. Ut ilities 

( a) Ref riger«tion 

Ref rigeration is costed agains t the product at 2c 

per lb; this is a standard value used by t he Company. 

Estimated cost of refrig erating 1, 000,000 lb 

product at 2 c per lb = $20,000 per annum 

(b) Electric Po,ver 

The power consumption of the process is evaluated in 

Table 7:5, and is based on the power rating o f individual units 



147. 

of plant. 

TABLE 7:5 Evaluation of electric power con sumption 

l 
Power Daily Daily power 

Unit Rcquircm(mt Operation usage . 
(K Watt) (hours) (K Watt hrs) 

Meat/bone sepnrator 1.so 4 3.00 

Mince 0.75 2 1. so 
:Mixer 1. so 4 6.00 

Sausage filler 0.375 7.5 2. 8 1 

Cooking conveyor 0.75 7.5 5 . 63 

Cooling conveyor 0 . 75 7.5 5.63 

Cooling fans 0.75 7.5 5.63 

Batterer and crumber 1. 12 7.5 8.40 

Packing line 2.75 7 . 5 20.60 

Total daily electric pm,'er requirements = 59. 20 K Watt hours 

Assuming a 250 day year; 

Annual power requirement is 16, 800 Kilowatt hours 

Current cost for industrial power is 1.7c per unit 

Annual power costs are $284 .00. 

( c) Steam 

Approximately one quarter pound of steam is used in 

the cooking process for every pound of product processed . 

Steam is costed at $ 15 . 0 per 1000 lb 

Annual usage = 250,000 lb 

Annual steam cost= $375.00 

( d) Water 

Water is used throughout the factory for cleaning, 

r efrigeration, washing of fish , etc. and the amount o f water 
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used directly in the process would not effect this greatly . 

The water costs h ave therefore been evaluated as 25% of the 

water ~ sed at present. 

Present water rates : $8~000 .00 per annum 

Cost of water accounted to process is $2,000per annum 

( e) Drainage J.cv:y 

A drainage levy of $100 is paid each month f or 

effluent discharge from the two factories operated by the Company. 

Assuming each factory pays an equal levy, the drainag e accounted 

to the restructuring process is 25% o f $ 50 per month. 

Annual drainage levy: $150.00 

Summary of utility costs 

6. 

Refrigeration 

Electric pmver 

Steam 

Water 

Drainage 

Packing Materials 

$ 

20,000 

284 

375 

2,000 

150 

22,809 

Fi sh fingers are currently sold in three packs . The 

sales distribution of the product is known, and it i s assumed 

that sales will continue in these same proportions . 

The packagin g requirements and their costs have been 

evaluated on a basis of the expected sales, and are shown in 

Table 7:6 . A wastage factory of 2% is allowed for in the 

estimate, the cost o f the outer has been included in the unit cost . 
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TABLE 7:6 Requirements and cost of packaging materials 
for the distribution of 1,000,000 lb fish fingers 

P ack Proportion of Expected Packs Unit Total 
current sales Sales Required Cost Cost 

(lb) (no.) ( $/ 1 OOO) $ 

3 lb 30% 300,000 102,000 22.70 2,310 

16 oz 20% 200,00 0 204,000 53.25 10, 85G 

10 oz 50% I 500, OOO 8 16,000 62.50 51,060 

Total cost of Packaging Materials $6 4,200 

Indirect costs 

The indirect costs of payroll overhead are covere d 

by a charge of 5 c per lb product sold. This is a standard 

costing procedure used by the Company, and also covers distribution 

charges. 

Total indirect cost at 5 c per lb of 

product sold = $50,000.00 

Fixed costs 

1 . Depre ciation 

The building, valued at $322,000 is d e preci ated at 4% 

per annum. As the plant occupies 25% of the avail able f l oor 

space in the building , the depreciation to be acounted for by 

the restructuring process i s $3,220 . 00 . 

Processi ng equ ipmen t i s depreciated at 15%. The 

val ue of the processing pl ant is $21 , 368 . 00 ; giving a depreciation 

of $3 , 200 for the first year of pro duction . 

Total d epreciation for buil dings and processi ng 

equ ipment i s $6 ,420 . 00 . 
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2 . L0asc of p1'opcrtv 

The ballcLLn~ occupicb approximately half the area of 

the leased 1 ~tnd. Thus the lease accounted for in t,his process 

is 1 2 . 7 5% of ~-7, 800 per annwn; t,hat is, the lease accounted 

for equals .$97 5.00 . 

3. Jn surance 

Insurnnce figures were not obtalncd but were 

e stimai.,ed aL 1% of capil,al cost : 

Insurance costs : Building 

Equlpmeut 

Total lnsurancc 

Selling price 

~80 5 . 00 

$214 . 00 

$J0 19 . oo 

The selling prlcc of the fish fingers depend s upon 

t h e size of the pack. The wholesale price o f the three packs 

a n d the total price of the product sold h as been eval uated in 

Tabl e 7 : 7 . 

TABLE 7: 7 Estimated wholesale selling price and sales of 
the fish fingers in i.,he 1.,hree standard packs 

Unit Estimated Total 
P ack Price Sales Sal es 

( $) (No . ) ( $ ) 

3 l b 1. 80 100, 000 180 , 000 

16 o z 0 . 64 200 , 000 128 , 000 

10 oz 0.44 80 0 , 000 3 52 ,000 

Total annual s a l es 660,000 
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1'he selling price has been evaluated on the assumption 

that the restructured product will continue to sell at the same 

price as is obtained foi' the product· prepared from fish fillet . 

I f the selling price i s to be reduced the gross profit sho,m 

below will have to be mod:i.[ied . 

It is also noted that the estimate has been prepared 

on the basis of Gurnar·d being used in the process. The use of 

other species of fish and seasonal variations in price wil l 

affect the manufacturing costs and thus require their 

modification. 

Profit and Loss account for the proposed process 

Sales 

Man1..tf acturing costs : 

Dire c t costs : 

Raw materials 

Labour 

Supervision 

Maintenance 

Utilities 

Packaging Material s 

Indirect costs : 

Fixed costs : 

Depreciation 

Lease 

Insurance 

Gross profit 

Totals 

$ 

166,859 

29,903 
4, 500 
1, 069 

22, 809 
64,200 

6,420 

975 
1,019 

$ 

289,340 

7,314 

313,346 

660,000 

$ 

660 , 000 

660,000 
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Discussion 

Much of -Lhc work on the pilot plant was carried out 

with f ro 2cu gurnard mince. 'l'he mince had been specially 

r ecovered by the meat/bone separa-Lor ln Auckland, frozen, and 

airfrcighLed to Palmerston North. The fish were of good 

quality, ,:md the rcstructui·cd p1'ocuct prepared from the mince 

h ad exc ellent quality characteristics. 

Bar racaulta, which is not popular clue to its bone 

structure, could be successfu_lly use<l in the restructuring 

process. Care should be taken in removing t h e kidney and blood 

line along the back of the bell y cavity when this f i s h is u sed . 

The use of wor·m infested fish is to be avoided . 

A g r eat deal o f work was done t o adapt treval ly to 

the process. The fish ha s a good flavour, and restructure~ well 

if it is o f good quality . The main problem in u sing trevally 

mince is due to the colour of the cooked product , which was 

found to be unacceptable . Some work was done to try to make the 

product acceptable by the u se of additives s uch as nicot inic 

acid and sodium nitrites to give the cooked mince a faint pink 

colour such as is a ssociated with salmon . The use of additives 

wa s not investig ated f ully, and it is reconunended that a full 

research project be undertaken to study the use and the safety 

of such additives in fish products . 
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