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ABSTRACT 

Hoki (Macruronus novaezelandiae) is an important commercial 

fish in the New Zealand Exclusive Economic Zone. The resource 

remains underutilized with only a small proportion of the 250,000 

tonnes Total Allowable Catch presently being made into added 

value products. There is interest in producing surimi, a refined, 

stabilized form of fish mince, from hoki. Surimi is an intermediate 

raw material used for the production of a range of fabricated 

foods. The rheological properties of these gel-based foods are of 

key importance for their consumer acceptability. The quality of 

surimi is determined predominantly by the gel-forming ability of 
the myofibrillar protein of the raw material fish used in the 

process. These properties change with chilled and frozen storage 

of the fish. 

The objectives of this study are to develop methodology to test 

the gel-forming ability of surimi; to investigate the changes m gel­
forming ability of hoki with chilled and frozen storage, and to 

evaluate the rheological methods used in these studies. The 
implications with respect to a domestic surimi industry are 
discussed. 

The rheological properties of gels made from hoki stored for 

various times, chilled or frozen, were determined using two 
failure tests, namely the puncture test and the torsion test. The 

puncture test is an empirical method commonly used in the 

surimi industry, where a 5 mm diameter spherical probe is driven 

into the gel at constant plunger speed. The force and deformation 

at failure are used to describe the mechanical properties of the 

gels. The torsion test is a fundamental method whereby a pure 

shear state is obtained by applying a twisting moment about a 

central axis. The shear stress and true strain at failure are 

calculated and used to follow the changes in gel properties with 
time. 
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The strength of gels decreased as the fish spoiled on chilled 

storage . The decline appears to be slower than that reported for 

other fish such as Alaska pollack. Even after 10 days storage the 

gel strength was such that hoki would still have excellent gelling 

properties based on Japanese classification systems. 
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The storage of headed and gutted hoki at -29°C resulted m a 

significant loss of gel-forming properties over time. The strength 

of gels were less than the minimum for Japanese ship-processed 

surimi after about 100 days storage. Hoki appears to lose gel­

forming ability with frozen storage at a similar rate to that of 

Alaska pollack. Measurement of the pH and formaldehyde 

concentration of the flesh were good indicators of the gel-forming 

ability of frozen stored hoki. The true strain at failure showed the 

highest correlation with storage time. 

Finally, the puncture and torsion tests were evaluated with 

respect to their use for specifying surimi quality. Specifically their 
precision, cost, convenience and correlation with a sensory 

method, were assessed. The results of the storage studies were 
pooled to provide data covering a wide range of gel textures. 

Parameters from both tests showed significant correlations with 
the sensory method, with the puncture force showing the greatest 

overall correlation. Both methods showed good response to 

changes in fish quality. 

There was a large error associated with the puncture force value 
when firm gels were tested. Standard deviations of up to 25% of 
the mean were measured. The other parameters for both tests 

gave standard deviations of about 10%. This demonstrated the 
high error normally associated with failure testing, and the 

difference between a point test where the applied force is 

concentrated over a small area and the torsion test where the 

stress is applied over a larger area hence averaging the effect 

small defects may have on failure of the sample. 



It was concluded that the puncture test is suitable for routine 

quality testing of surimi, however both the force and deformation 

results should be reported. For research and when more accurate 

specification of quality is needed then the torsion test would be 
more appropriate. Whichever method is used, it is imperative that 

the preparation and testing of surimi be carried out in a 
consistent and uniform manner to aliow comparison and 

communication of results. There is a need for a standard industry­

wide method for testing the gel-forming ability of surimi. 

To make consistent surimi an on-shore operation would require 
strict control of fish quality. Measurement of fish freshness based 

on organoleptic assessment and the K value may be a useful basis 

for a hoki surimi quality assessment program. It is probable that 

the loss of functional gel-forming ability of hoki during frozen 

storage at -29°C would be too fast to allow the use of frozen hoki 
for making surimi over an extended period in a commercial 
operation. Decreasing the storage temperature may extend the 

useful storage life, but this would have to be balanced against the 
increased capital and running costs of storage at these lower 
temperatures. 

IV 



ACKNOWLEDGEMENT 

I want to express my sincere thanks to Dr. John Lelievre for his 

guidance, assistance and patience with the research, preparation 

and completion of this thesis. I wish to extend my sincere thanks 

to Dr. 0. McCarthy and Mr. H. Van til for their help and advice 

with the torsion test. 

I acknowledge and extend my smcere thanks to my colleagues at 

the DSIR Fish Technology Section, Nelson, Mr. N. Wilson and Mrs. J. 

Young for their help and encouragement throughout this study. 

To the many others who have helped with advice and aid, 

especially Mr. P Vlieg of the DSIR; and Mr. A. Fayerman of the 

New Zealand Dairy Research Institute for his encouragement and 

the use of equipment. 

Finally my gratitude for her understanding and support 

throughout goes to my wife Alison. 

V 



Vl 

CONTENTS 

Abstract 11 

Acknowledgement V 

Contents Vl 

List Of Figures lX 

List Of Tables Xl 

1. INTRODUCTION ..................................................................................................... 1 
1.1 The Hoki Resource .............................................................................. 1 
1.2 Traditional Fish Products From Hoki .......................................... 1 
1. 3 Surimi, A New Product From Hoki ............................................... 4 
1.4 Testing The Rheological Properties Of Surimi.. ....................... 5 
1.5 Factors Influencing Surimi Quality .............................................. 5 

1.6 References .......................................................................... .................... 7 
2. LITERATURE REVIEW ....................................................................................... 9 

2.1 Introduction .......................................................................................... 9 

2.2 Food Texture ......................................................................................... 9 
2. 3 Muscle Protein Gels ............................................................................ 1 0 
2.4 Rheology of Gels ................................................................................... 11 
2.5 Structural Failure In Gel Foods ..................................................... 1 3 
2.6 Rheological Methods .......................................................................... 14 
2. 7 Correlation Of Instrumental Tests With Sensory For 

Methods Surimi-Based Foods ......................................................... 1 6 
2.8 References .............................................................................................. 20 

3. DEVELOPMENT OF RHEOLOGICAL ME1HODS ............................................ 2 3 
3. 1 Torsion Test. .......................................................................................... 2 3 

3 .1.1 Experimental Method ........................................................ 2 7 
3 .1 . 2 Verification Of Equation (1) ............................................ 3 I 
3 .1.3 Effect Of Spindle Speed On Torsion Test 

Parameters ............................................................................. 3 2 
3 .1 . 3 The Effect of Grinding On Gel Properties ................... 3 3 



Vll 

3 . 2 The Puncture Test ............................................................................... 3 4 

3 .2.1 The Effect Of Penetration Speed On Puncture 

Test Parameters ................................................................... 3 5 

3. 3 References .............................................................................................. 3 8 

4. THE STRENGTH OF GELS MADE FROM WASHED AND UNWASHED 

MINCE MADE FROM HOKI (Macruronus novaezelandiae) STORED 

IN ICE ...................................................................................................................... 3 9 

4.1 Introduction ................................................... : ...................................... 3 9 

4. 2 Materials And Methods .................................................................... 4 0 

4.2.1 Fish Capture, Storage and Proximate Analysis ...... .4 0 

4.2.2 Preparation of Fish for Freshness Assessment 

and Mince Manufacture .................................................... .4 0 

4 .2 .3 Measurement of Fish Freshness ..... .... .... .. .. .. ... ... ...... .. ... .4 0 
4.2.4 Preparation of Fish Minces .............................................. .4 1 

4.2.5 Preparation of Gels ............................................................. 41 

4.2.6 Assessment of Gels ............................................................. 4 2 

4.2.7 Statistical analyses .............................................................. 43 
4. 3 Results And Discussion ..................................................................... 4 4 

4.3 .1 Initial Characteristics of the Hoki ... .............................. 4 4 

4.3 .2 Changes in Hoki on Storage ............................................. 4 6 

4.3 .3 Changes In Gel Properties With Fish Spoilage ........ 4 6 
4.4 Implications for an On-shore Operation .................................... 5 5 

4.5 References .............................................................................................. 56 
5. EFFECT OF FROZEN STORAGE ON THE CHEMICAL AND GEL-

FORMING PROPERTIES OF HOKI (Macruronus novaezelandiae) ..... 6 0 

5.1 Introduction .......................................................................................... 60 

5. 2 Materials and Methods ..................................................................... 6 1 

5. 2 .1 Fish Processing and Storage ............................................ 6 1 

5 .2.2 Preparation of Fish for Freshness Assessment 

and Mince Manufacture ...................................... .............. 6 2 

5 .2.3 Measurement of Fish Freshness .................................... 6 2 

5 .2.4 Assessment of Gel Properties ......................................... 6 3 

5.2.5 Statistical Analyses ............................................................. 63 
5. 3 Results and Discussion ...................................................................... 6 3 

5 .3 .1 Effect of Frozen Storage on Fish Flesh ........................ 6 3 

5 .3 .2 Changes in Gel Properties with Frozen Storage ...... 6 8 

5 .3 .3 Correlations ............................................................................ 7 8 



Vlll 

5 .4 Implications For An On-shore Operation ................... ............ ... 8 0 
5. 5 References .............................................................................................. 8 1 

t$. EVALUATION OF RHEOLOGICAL METHODS ............................................. 8 4 
6.1 Introduction .......................................................................................... 8 4 
6. 2 Correlation With Sensory Tests .................................................... 8 5 
6. 3 Accuracy Of The Tests ...................................................................... 9 0 
6. 4 Cost And Convenience ....................................................................... 9 2 

6 .4 .1 Time Requirement.: ............................................................ 9 2 
6.4 .2 Cost Outlay .............................................................................. 9 2 

6.5 Discussion ............................................................................................... 9 4 
6. 6 Recommendations ............................................................................... 9 5 
6. 7 References .............................................................................................. 9 6 

Appendix 1 Torsion Method Calculations ........ ........................................... 9 7 
Appendix 2 Heat Penetration Curves For Gel Cooking .......................... 9 9 
Appendix 3 Taste Panel Results For The Sensory Assessment Of 

Hoki Stored In Ice ...................... .... ............................................. 1 0 0 
Appendix 4 Japanese Quality Standards For Ship Processed 

Surimi ...................................... ......... .. .................................. .. ... ....... 10 6 



IX 

LIST OF FIGURES 

Figure 1.1 Reported hoki catch for New Zealand waters for the 

years 1972 to 1987 ........................................................................ 3 
Figure 2.1 The response to a step in the applied stress of a 

perfectly elastic material and a viscoelastic solid ............. 1 2 

Figure 3 .1 Planes of maximum shear· and tensile stress in a rod in 

torsion. Critical dimensions of dumbbell shape used for 

torsion tests ........................................................................................ 2 6 

Figure 3.2 Grinding rig for preparing dumbbell shaped samples .... 2 8 
Figure 3.3 Dumbbell shaped sample under test in the Ferranti 

Shirley Viscometer .......................................................................... 2 9 
Figure 3.4 Example of a torsion test chart readout ................................. 3 0 
Figure 3.5 Plot of torque (M) against (r3/K) for different 

minimum radii .................................................................................. 3 1 
Figure 3.6 Sample shape during the puncture test.. ............................... 3 4 

Figure 3.6 Puncture test force and deformation at failure for 

three gels tested at different probe speeds ......................... 3 7 
Figure 4.1 Changes in muscle pH and K value of hoki stored in 

ice ........................................................................................................... 4 7 
Figure 4.2 Changes in puncture deformation of gels made from 

hoki stored in ice ............................................................................. 4 9 
Figure 4.3 Changes in puncture strength of gels made from hoki 

stored in ice ........................................................................................ 5 0 
Figure 4.4 Changes in torsion shear stress of gels made from hoki 

stored in ice ........................................................................................ 5 2 
Figure 4.5 Changes in torsion true strain of gels made from hoki 

stored in ice ........................................................................................ 5 3 
Figure 4.6 Changes in sensory texture score of gels made from 

hoki stored in ice ............................................................................. 5 4 
Figure 5.1 Changes in flesh pH and formaldehyde concentration 

in H&G hoki on frozen storage at -29°C ................................. 6 7 
Figure 5.2 Changes in puncture deformation of gels made from 

H&G hoki stored at -29°C ............................................................. 7 0 
Figure 5.3 Changes in puncture gel strength of gels made from 

H&G hoki stored frozen at -29°C ............................................... 7 1 



X 

Figure 5 .4 Changes in torsion true strain of gels made from H&G 
hoki stored frozen at -29°C ......................................................... 7 3 

Figure 5.5 Changes in torsion shear stress of gels rriade from hoki 

stored frozen at -29°C .................................................................... 7 4 

Figure 5.6 Torsion rigidity/strain plot. ........................................................ 7 5 

Figure 5.7 Changes in sensory texture score of gels made from 
H&G hoki stored frozen at -29°C ............................................... 7 7 

Figure 6.1 Relationship of puncture force to sensory texture 
score. Pooled results from Sections 4 and 5 ......................... 8 9 

Figure 6.2 Relationship of puncture force to its coefficient of 
variation .............................................................................................. 91 



Xl 

LIST OF TABLES 

Table 3 .1 The effect of spindle speed on torsion test results ........... 3 2 

Table 4.1 Composition of Hoki Flesh ............................................................ 4 5 

Table 5.1 Moisture, expressible moisture, and K value of mince 

from H&G hoki stored for various times at -29°C ............. 6 5 

Table 5.2 Correlation matrix of resuits of chemical and physical 
tests on mince from H&G hoki stored at -29°C for up to 

260 days .............................................................................................. 7 9 
Table 6.1 Correlation coefficients relating instrumental 

parameters to sensory texture score ...................................... 8 7 

Table 6.2 Correlation coefficients relating instrumental 

parameters ......................................................................................... 8 8 
Table 6.3 Comparison of time requirements for testing of gel-

forming ability .................................................................................. 9 3 




