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ABSTRACT The objective of the work reported here was to determine appropriate test 
method and evaluation procedure to describe mechanical and rheological characteristics 
of candy gums of the same composition but of different shapes. Furthermore, the task 
was to find appropriate parameters to compare mechanical and rheological behavior of 
candy gums of different heights and volumes. Texture Profile Analysis and creep- 
recovery compression/decompression tests were performed with candy gums of five 
different shapes. The results show that both the ratio of the maximum second 
compression force to that of the first compression force (Fmax2/Fmax1), and the ratio of the 
second compression work to that of the first compression work (W2/W1) do not change as 
the function of the height of the candy gums according to Texture Profile Analysis. 
Therefore, the values of the mentioned ratios do not show definite changes as the function 
of the product height, therefore these ratios are independent on the product height. The 
ratio of elastic to total deformation and the ratio of plastic to total deformation as the 
function of product height determined as a result of the recovery test during the 
decompression process are promising parameters to describe the mechanical and 
rheological characteristics for candy gums of different shapes. The mentioned ratios show 
a definite tendency as the function of the product height. Consequently, these ratios are 
suitable to evaluate the rheological parameters of candy gums depending on the product 
height. 
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INTRODUCTION Nowadays the confectionery products (candy gums, jellies, marsh 
swallows, chewing gums, etc.) are very popular. There are many types with different 
shape, taste and odour in a wide range. Generally, the candy gum is flavoured and 
coloured that is formed by moulding. It is soft and elastic made of sugar, glucose syrup, 
invert sugar syrup, gelatine and different additives (gum Arabic, gelatine, etc.). The 
texture of candy gum has a characteristic rheological behaviour that is a very important 
property for the consumer. The selection of the appropriate gelatine has a considerable 
influence on the mechanical and rheological properties of the product. The elasticity of 
the candy gum depends on the quality and the proportions of the different components 
and additives. From mechanical and rheological point of view, the candy gum is a 
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viscoelastic material with definite elastic and plastic characteristics. Therefore, there is a 
definite need for an appropriate measurement method that is suitable for determining the 
elasticity independently on the shape of the sample can contribute to the appropriate 
selection of gelatine for the production.  

The candy gum producing process starts with the homogenisation of gelatine and warm 
water. Then gelatine solution is made with intensive mixing at 80-82°C. The next step is 
the production of water solution from saccharose and starch syrup. After boiling, the 
solution is cooled less than 100°C. The selection of boiling point depends on the desired 
properties of the gelatine gel. The gelling process starts under 80°C. The properties of the 
gel depend on gelatine quality and quantity.  

Bloom number is a measure of the gel strength of gelatin. This number of gelatin is 
between 150 and 250 for foods. Generally, gelatins with low Bloom numbers are used to 
clear cloudiness in beverages.  

DeMars et al (2001) used a texture analyzer to measure the texture of gelatin/pectin-based 
confectionary gums. This method was successfully used to measure the tension stress and 
tension strain of different gel textures. The stress and strain at fracture measurement 
results showed good correlation with sensory firmness and elasticity, respectively. 

Segtnan and Isaksson (2002) studied spectral changes in gelatine gels by near infrared 
spectroscopy and Bloom strength induced by decreasing temperature, increasing Bloom 
strength and increasing maturation time in 2160-2210 nm range. 

United States Patent of 2006 (no. 2006/0134311 A1) described that starch matrix can 
replace gelatine and the characteristics were measured and characterized by stress-strain 
relationships, stress relaxation and modulus of elasticity with different relative humidity 
values and extensions.  

Choi et al. (1998) developed a measurement device to determine the gel strength that 
means the viscosity of the tested gel at definite temperature. The device consisted of a 
cylinder having the gel in it with a perforated piston in it. A given mass was put on the 
vertical piston rod and because of the vertical force the gel was pressed through the holes 
of the piston and accordingly the piston sank. The gel strength was characterized by the 
mass and the sinking time of the perforated piston. 

Texture Profile Analysis (Bourne, 2002) is a well-known method for imitating the biting 
and the mastication process by compression. With this test method, the sample is 
compressed and decompressed two. The ratio of the maximum force with the second 
compression relative to the first one and the ratio of the second compression work 
relative to the first one are determined to characterize the tested sample. However, further 
parameters are calculated, as well. 

The authors have not found publications dealing with the measurement and evaluation of 
samples of different shape but of the same composition. Therefore, we chose the 
compression test method for our experiments after taking into account the different test 
procedures and instruments used for the measurement of different gels and candy gums to 
determine viscoelastic, elastic and plastic properties. 
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The objective of the work reported here was to determine appropriate test method and 
evaluation procedure to describe mechanical and rheological characteristics of candy 
gums of the same composition but of different shapes.  

 

MATERIALS AND METHODS  

Materials The experiments were performed with commercial candy gums of a definite 
manufacturer within two months after manufacturing. The candy gums were of different 
shape and size but of the same composition. The samples of different shapes were 
characterized by the sample height, sample volume and density. The dimensions and the 
density values of the tested products are demonstrated in Table 1. Letters A, B, C, etc. 
sign the shapes of the products. 

Table 1. Dimensions and density values of the tested products 

Shape Height Weight Volume Density 

 mm g/piece cm3/piece g/cm3 

A 7.2 2.67 1.85 1.443 

B 8.0 2.58 1.74 1.483 

C 8.4 2.61 1.80 1.450 

D 9.2 3.38 2.50 1.350 

E 12.0 2.23 1.60 1.391 

 

The products were stored in their original packages in a refrigerator (temperature: 6±1°C, 
and relative humidity: 70±10%. The candy gums were adjusted to a temperature of 
24±1°C for the measurements. The samples were covered by starch powder to reduce 
their sticking to the probe during the compression and especially with the decompression 
tests. 

Methods Stable Micro Systems TA.XT-2 texture analyzer was used for the compression 
tests. The probe used was a cylindrical metal plate of 75 mm diameter. Therefore, the 
area of the probe was bigger than the surface of the different samples to be measured.  

Principal problem of the compression test is the speed of the probe during the 
compression process. The probe speed was adjusted to a very low value since the material 
tested was candy gum that is of viscoelastic and plastic character with very high moisture 
content. The high moisture content could cause measurement errors with high speed 
because of the high viscous effect. Therefore, the speed of the probe was adjusted to 0.1 
mm/s during the actual measurement (compression and decompression). However, the 
speed for approximating and leaving the sample was higher, namely: 1.0 mm/s. 
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Two different compression test methods were used: the Texture Profile Analysis (TPA) 
and the compression/decompression test to determine creep and recovery (creep-recovery 
test). The sample number was 20 candy gums with each method. Therefore, each point in 
all diagrams means the average of 20 tests. Before the actual testing preliminary trials 
were performed with each sample shape with a deformation of 25% of the sample height 
and the force needed for this deformation was determined. According to these force 
values was the force was adjusted for the creep and recovery compression/decompression 
tests.  

With the Texture Profile Analysis the parameters measured and calculated were, as 
follows (Figure 1): force ratio (the ratio of the second maximum compression force to 
that of the first compression: Fmax2/Fmax1), work ratio (the ratio of the second compression 
work to that of the first compression: W2/W1), maximum force for each compression, 
maximum force-deformation ratio and the coefficients of variation (c.v.). 

 

Figure 1. Compression force versus time recorded by TPA 

With the creep and recovery compression/decompression tests the force was set to the 
maximum force determined during the preliminary trials and was kept constant for 60 s 
that meant creeping. After the creeping period, the force was set to zero for the recovery 
period of 60 s (Figure 2). The parameters calculated from the maximum force, the 
decompression and compression work, the total deformation, elastic deformation, plastic 
deformation (Figure 3), are as follows: ratio of force to deformation, ratio of the 
decompression work to the compression one, ratio of elastic to total deformation and ratio 
of plastic to total deformation. 
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Figure 2 Deformation versus time recorded during creep-recovery test 

 

  

Figure 3 Compression force versus time recorded during creep-recovery test 
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The variables were calculated by macros written in Texture Expert 1.22 software and data 
processing and evaluation were performed by MS Excel 2003 software.  

 

RESULTS AND DISCUSSION  

Texture Profile Analysis Results measured by Texture Profile Analysis and the 
calculated parameters are shown in Figure 4 and in Tables 2 and 3.  

Figure 4 shows the variation in the first and second maximum compression force with the 
TPA. The correlation between the variables is very poor. 
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Figure 4. First and second maximum force versus product height with TPA 

 

Table 2 depicts the force and work ratio for and the coefficients of variation. The elastic 
character of the products of different shapes is very similar to each other. Since the 
deviations in the force ratio are very small. It varies between 0.956 and 0.969 and the 
coefficients of variation are smaller than 1.42%. The work ratio varies between 0.809 and 
0.857 that is definitely lower than that of the force. However, the coefficients of variation 
for the work ratio are relatively higher from 2.16 up to 4.39%. These results show that the 
difference of elasticity among the products of different shape is relatively small. 
Therefore, both the force ratio and the work ratio according to Texture Profile Analysis 
do not change with the variation in the product height. Therefore, these characteristics are 
independent on product height. 

The Young modulus of elasticity would be an appropriate characteristic of candy gums. 
However, with the compression test it is very difficult to determine the area of the contact 
surface. Therefore, the maximum force and the force/deformation ratio were calculated 
(Table 3). However, it turned out that the coefficient of variation for both the maximum 
force and the force/deformation values are too high, up to approximately 33%. 
Consequently, the force/deformation ratio is not acceptable for describing material 
characteristics of candy gums. 
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Table 2. Compression force ratio and compression work ratio with Texture Profile 
Analysis 

Shape Height Deformation (D1) Force ratio (Fmax2/Fmax1) Work ratio (W2/W1) 

 mm mm c.v. ratio c.v. ratio c.v. 

A 7.2 1.79 0.37% 0.967 0.92% 0.838 2.64% 

B 8.0 1.99 0.28% 0.956 0.73% 0.809 4.39% 

C 8.4 2.09 0.32% 0.969 0.64% 0.857 2.16% 

D 9.2 2.29 0.24% 0.965 0.86% 0.845 2.31% 

E 12.0 2.99 0.25% 0.964 1.26% 0.844 3.70% 
 

  

Table 3. Maximum compression force and force/deformation ratio with Texture Profile 
Analysis 
Shape Height Maximum force Force/deformation ratio 

  (Fmax1) (Fmax2) (Fmax1/D1) (Fmax2/D2) 

 mm N c.v. N c.v. N/mm c.v. N/mm c.v. 

A 7.2 1.308 19.34% 1.265 19.33% 0.731 19.34% 0.706 19.40% 

B 8.0 1.104 15.08% 1.056 15.03% 0.555 15.06% 0.531 14.99% 

C 8.4 1.786 20.91% 1.730 20.71% 0.855 20.98% 0.828 20.65% 

D 9.2 1.722 32.92% 1.663 33.13% 0.752 32.83% 0.726 33.03% 

E 12.0 0.818 29.88% 0.788 28.97% 0.274 29.79% 0.263 28.99% 

 

Creep and recovery test With the creep and recovery compression/decompression tests 
the measured results and calculated parameters are shown as the function of the product 
height (Figures 5, 6 and 7). 

The ratio of force to deformation versus the product height (Figure 5) for the products of 
different shapes is not convincing since the correlation between the variables is not good 
enough, since the variance is smaller than 0.5 
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Force-deformation ratio
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Figure 5. Ratio of force to deformation versus the product height with creep-recovery test 

 

The ratio of the decompression work to the compression work as the function of the 
product height does not show definite tendency (Figure 6). Therefore, it was not sensible 
to determine the variance for these variables.  
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Figure 6. The ratio of decompression work to compression work versus product height 
with creep-recovery test 
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The ratio of elastic to total deformation and the ratio of plastic to total deformation were 
determined as a result of the recovery test during decompression. The ratios are depicted 
as the function of the product height in Figure 7. The correlation between the variables is 
very close, since the variance is 0.88. Therefore, both the ratio of elastic to total 
deformation and the ratio of plastic to total deformation are good characteristics to 
describe rheological behavior of the tested candy gums. 
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Figure 7. Ratio of elastic and plastic deformation to total deformation versus product 
height 

 

CONCLUSION The results show that both the ratio of the maximum second 
compression force to that of the first compression force (Fmax2/Fmax1), and the ratio of the 
second compression work to that of the first compression work (W2/W1) are good 
characteristics of the elasticity for candy gums of different shapes according to Texture 
Profile Analysis. However, the values of the mentioned ratios do not show definite 
changes as the function of the product height 

The ratio of elastic to total deformation and the ratio of plastic to total deformation as the 
function of product height determined as a result of the recovery test during the 
decompression process are convincing parameters to describe the mechanical and 
rheological characteristics of candy gums of different shapes. The mentioned ratios show 
a definite tendency as the function of the product height. Consequently, these ratios are 
suitable to evaluate the rheological parameters of candy gums independently on the 
product height. 
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