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ABSTRACT 

Texture is an important sensory property of foods. It is sensed mostly 

in the mouth during the process of mastication and is an indicator of food 

quality. To enable faster and cheaper prediction of textural characteristics, 

extensive research has been done to establish instrumental techniques to 

produce data that correlates well with the sensory appraisal of texture . In this 

study, model emulsified dairy systems, represented by processed cheese 

analogues, were characterised using sensory, microstructural and rheological 

techniques. Correlation between instrumental and sensory textural data was 

investigated. 

A range of experimental cheeses with differing textural attributes was 

produced by modifications to the moisture content of the products and the 

mixing speed during manufacture. Twelve experimental cheeses were used in 

a partial response surface design in four experimental blocks. These cheeses 

were subj ected to compositional analysis. Two weeks after manufacture , the 

cheeses were texturally evaluated using a trained sensory panel and 

quantitative descriptive analysis (sensory) , confocal laser scanning microscopy 

and image analysis (microstructure) and fundamental physical tests including 

frequency sweep, creep compliance and compression to 70% (rheology). 

Sensory-instrumental correlations included the chemical data and were 

performed using pairwise correlation, stepwise regression, principal 

component analysis and canonical correlation analysis. 

Significant differences in moisture , total protein, fat content and pH 

were found between the experimental cheeses, as expected by the formulation 

changes. The confocal micrographs showed that fat globule size decreased 

with decreasing moisture content, but little effect was found for mi'Xing speed. 

Reduction of the globule size resulted in cheeses that were firmer, better 

emulsified and stickier. 

Sensory evaluation of the cheeses in the mouth was not used in this 

study because of oral fatigue .  Instead , seven hand evaluated attributes were 

selected from a sensory profiling session. Fracturability ,  rubberiness and 



greasiness proved not to be  good sensory attributes to discriminate between 

these cheeses. Significant differences between the cheeses were found for 

firmness, curdiness and stickiness. Cheeses 'with lower moisture content 

were, in general, firmer, more curdy and less sticky than cheeses with higher 

moisture content. 

Frequency sweep , creep compliance and compression to fracture were 

all useful tests for providing rheological discrimination between the 

experimental cheeses. Cheeses with lower moisture content showed higher 

values of storage and loss moduli , Young's modulus, peak stress and work in 

compression as well as lower values for compliance .  These results provide an 

indication that these cheeses are firmer, better emulsified and more stable 

products than those with higher moisture content. 

Pairwise correlation was used to correlate the microstructural results 

to the sensory ,  chemical and rheological data. It was shown that the area 

occupied by the protein matrix in the micrographs correlates significantly with 

most chemical and rheological parameters as well as those sensory attributes 

that adequately discriminated between the experimental cheeses. 

Microstructural information was insufficient for use in regression analysis. 

Stepwise regression analysis was a useful technique for generating 

simple models to fit the sensory scores with rheological and chemical data. 

The regression equations for firmness, stickiness and curdiness produced R­

square values above 85%, indicating good predictive ability. Principal 

component analysis was used to tackle the problem of multicollinearity of the 

predictive parameters. However, combining those instrumental parameters 

that were not independent from each other did not improve the quality of the 

correlation coefficients obtained. Firmness in compression and curdiness were 

the only two sensory attributes satisfactorily modelled using the first 

rheological principal component, \vith R-squares of 88.4% and 90.0%,  

respectively. 

Canonical correlation analysis proved to be  a useful statistical tool for 

maximising the correlation b etween individual sensory textural attributes and 

instrumental data. Similarly to the stepwise regression analysis ,  
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fracturability, rubberiness and greasiness could not be satisfactorily 

modelled .  In general , firmness (compression and cutting) , stickiness and 

curdiness were very satisfactorily modelled using only the results from the 

frequency sweep and creep compliance tests. Compression test data appeared 

not to lead to any improvement in the correlation coefficients. 

Overall, the present study showed that sensory, microstructural and 

rheological characteristics of the processed cheese analogues investigated do 

correlate. It is possible to generate predictive models for some individual hand 

evaluated sensory attributes using chemical and instrumental (rheological) 

parameters. Prediction using microstructural information has yet to be 

verified. 
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"The public sees only the accomplished trick; 

they have no conception of the tortuous, demanding 

preliminary self-training that was 

necessary to conquer that fear. " 

"The secrets of Houdini" (J.C .Cannell) 
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1 1  Experimental imitation processed cheese in tray, set as a 

block (with addition of annatto) 1 25 

1 2  

1 3  

1 4  

1 5  

Confocal laser scanning 

microstructural analysis 

microscope 

TA-XT2 used for the compression tests 

used for 

Stress controlled rheometer SR-5000 (with humidity trap) 

Typical creep curve showing where various elements of the 

Burgers model describe flow behaviour 

1 6  Confocal micrographs of experimental cheeses 1 to 4 ,  with 

higher moisture content and larger fat globules 

1 28 

1 3 1  

1 32 

1 35 

(magnification 400 X) 1 45 

1 7  Confocal micrographs of experimental cheeses 9 to 1 2 ,  with 

lower moisture content and smaller fat globules 

(magnification 400 X) 1 46 



1 8  Confocal micrographs of experimental cheeses 1 (A) and 1 2  

(8) (magnification 400 X) 

1 9  Confocal laser scanning micrographs of experimental 

cheeses 1 (+ 1 0% water, 1 00 rpm), 2 ( + 1 0% water, 1 2 7  rpm) 

and 3 ( + 1 0% water, 1 55 rpm), stained with FastGreen FCF, 

obtained with a 40x oil immersion objective (magnification 

400 X) 

20 Confocal laser scanning micrographs of experimental 

cheeses 4 (+5% water, 1 00 rpm) and 5 (+5% water, 1 55 

rpm), stained with FastGreen FCF, obtained with a 40x oil 

immersion obj ective (magnification 400 X) 

2 1  Confocal laser scanning micrographs of experimental 

cheeses 6 and 7 (base formulation/ no added water, 1 2 7  

rpm) stained with FastGreen FCF, obtained with a 40x oil 

immersion objective (magnification 400 X) 

2 2  Confocal laser scanning micrographs of experimental 

cheeses 8 (-5°,lc) water, 100  rpm) and 9 ( -5% water, 1 55 

rpm),  stained with FastGreen FCF, obtained with a 40x oil 

immersion obj ective (magnification 400 X) 

23 Confocal laser scanning micrographs of experimental 

cheeses 1 0  ( - 10% water, 100 rpm), 1 1  ( - 1 0% water, 1 2 7  

rpm) and 1 2  ( - 10% water, 155  rpm), stained with 

FastGreen FCF, obtained with a 40x oil immersion objective 

xxi 

1 55 

1 57 

1 58 

1 58 

1 59 

(magnification 400 X) 1 60 

24 Response surface plot for the parameter "area of protein 

matnx" as a function of moisture content and mixing speed 

25 Graphical representation of the mean scores (diamonds) for 

the seven sensory attributes hand evaluated (asterisks 

represent mean score for each experimental block), on a 

1 63 

IS-cm line scale 1 71 

26 Response surface plot for the attribute firmness m 

compression as a function of moisture content and mixing 

speed 1 75 

2 7  Response surface plot for the attribute firmness in cutting 

as a function of moisture content and mixing speed 1 75 



28 Response surface plot for the attribute stickiness as a 

function of moisture content and mLxing speed 

29 Response surface plot for the attribute curdiness as a 

function of moisture content and mixing speed 

30 Storage moduli (G') and loss moduli (G") for the 

experimental cheeses from a frequency sweep test 

xxii 

1 76 

1 76 

(frequency range 0 . 1 to 22  Hz) 1 82 

31  Response surface plot for the parameter G '  (storage 

modulus as a function of moisture content and mixing 

speed 1 86 

32 Response surface plot for the parameter G" (loss modulus) 

33 

34 

35 

as a function of moisture content and mixing speed 

Creep compliance curves for the experimental cheeses from 

a creep test (stress 2000 Pal over a period of 6 minutes 

Deformation curves for the experimental cheeses from a 

creep test (stress 2 000 Pal over a period of 8 minutes 

Fitting of the Burgers model (with equations) to 

experimental samples 1 (high moisture/low speed) and 1 2  

(low moisture/high speed) 

36 Response surface plot for the parameters PI, P2 and P4 

37 

38 

(creep compliance) as a function of moisture content and 

mixing speed 

Response surface plot for the parameters PI, P2 , P3 and P4 

(shear deformation) as a function of moisture content and 

mixing speed 

Compression curves for the experimental cheeses from the 

TA-XT2 Texture Analyser at a crosshead speed of 1 0  mmls 

and load force of 2 50 N (testing temperature 6-7°C) 

39 Response surface plot for the parameter "Young's modulus" 

40 

as a function of moisture content and mixing speed 

Response surface plot for the parameter "peak stress" as a 

function of moisture content and mixing speed 

4 1  Response surface plot for the parameter "work to peak 

1 87 

1 89 

1 89 

1 90 

1 98 

1 99 

2 0 1  
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2 06 

stress" as a function of moisture content and mixing speed 2 06 



42 Response surface plot for the parameter "work in 

compression" as a function of moisture content and mixing 

speed 

43 Response surface plot for the parameter "work in 

decompression" as a function of moisture content and 

xxiii 

207 

mixing speed 2 07 

44 Linear regression between the storage (G') and Young's (E) 

moduli from the frequency sweep and compression tests, 

respectively (n = 36) 2 10 

45 Sensory firmness in compression as a function of moisture 

content of the experimental cheeses (e raw data) , with 

prediction interval 

46 Sensory curdiness as a function of moisture content of the 

227 

experimental cheeses (e raw data) , with prediction interval 227  

47  Sensory stickiness as  a function of  fat content of the 

experimental cheeses (e raw data) , with prediction interval 

48 Sensory firmness in cutting as a function of moisture and 

fat content of the experimental cheeses (11 raw data) 

49 Sensory firmness in compression as a function of Young's 

modulus of the experimental cheeses (e raw data) , with 

prediction interval 

50 

5 1  

Sensory curdiness as a function of the area (of the 

compression curve) for the experimental cheeses (e raw 

data) , with prediction interval 

Sensory stickiness as a function of P2 in deformation and 

P4 in compliance for the experimental cheeses (11 raw data) 

52 Sensory firmness (compression) as a function of the main 

chemical and rheological principal components (PCChem 

and PCRheo, respectively) for the experimental cheeses 

(e raw data) , with prediction intervals 

53 Sensory firmness (cutting) as a function of the main 

chemical and rheological principal components ( PCChem 

and PCRheo, respectively) for the experimental cheeses 

(e raw data) , with prediction intervals 

228 

228 

2 3 1  

2 32 

232 

238 

2 39 



54 Sensory rubberiness as a function of the mam chemical 

and rheological principal components (PCChem and 

PCRheo, respectively) for the experimental cheeses (e raw 

data) , with prediction intervals 

55 Sensory stickiness as a function of the main chemical and 

rheological principal components (PCChem and PCRheo, 

respectively) for the experimental cheeses (e raw data) , with 

prediction intervals 

56 Sensory curdiness as a function of the main chemical and 

rheological principal components (PCChem and PCRheo, 

respectively) for the experimental cheeses (e raw data) , with 

prediction intervals 

57 Sensory PC 1 as a function of the main rheological principal 

component (PC 1 Rheo) for the experimental (e raw data) , 

with prediction intervals 

58 Canonical correlation between firmness in compression and 

the reduced set of rheological parameters (raw data and 

regression line) 

59 Canonical correlation between firmness in cutting and the 

reduced set of rheological parameters (raw data and 

regression line) 

60 

6 1  

Canonical correlation between stickiness and the reduced 

set of rheological parameters (raw data and regression line)  

Canonical correlation between curdiness and the reduced 

set of rheological parameters (raw data and regression line) 

62 Canonical correlation between a reduced set of sensory 

attributes (sensory canonical variable) and the reduced set 

of rheological p arameters (rheological canonical 

variable)(raw data and regression line) 

63 Canonical correlation between fracturability and the 

reduced set of rheological + chemical parameters (raw data 

and regression line) 

64 Canonical correlation between firmness in compression and 

the reduced set of rheological + chemical parameters (raw 

data and regression line) 
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65 Canonical correlation between finnness in  cutting and the 

reduced set of rheological + chemical parameters (raw data 

and regression line) 

66 Canonical correlation between rubberiness and the reduced 

set of rheological + chemical parameters (raw data and 

regression line) 

67 Canonical correlation between stickiness and the reduced 

set of rheological + chemical parameters (raw data and 

regression line) 

68 Canonical correlation between curdiness and the reduced 

set of rheological + chemical parameters (raw data and 

xxv 
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2 58 

2 58 

regression line) 2 59 

69 Canonical correlation between greasiness and the reduced 

set of rheological + chemical parameters (raw data and 

regression line) 

70 

7 1  

72  

Creep compliance curves (constant stress of  2000 Pal of 

experimental cheese 6 using different gaps (2 and 4 mm) 

for assessment of slippage 

Strain sweep (frequency 1 Hz) for experimental cheese 6 ,  at 

2 5°C, for assessment of linear viscoelastic region 

Creep compliance curves (constant stress 2000 Pal for 

experimental cheese 1 2  using different sample 

temperatures 
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