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ABSTRACT 

The aim of the work was to compare K-carrageenan and i-carrageenan (in concentrations 0.025-0.150 

g/100 g) application to cream desserts (dry matter content 44 g/100 g and fat content 38.5 g/100 g) 

and evaluate their viscoelastic properties and sensory quality. Sample properties were monitored 

during 28 d (6 ± 2 °C). During storage a slight decrease in the pH of the samples was monitored. 

Furthermore, the increasing addition of k- and i-carrageenan resulted in complex modulus (G*) and 

gel strength (Af) values increase (P < 0.05). In all samples, regardless of the type and concentration of 

carrageenan, a significant increase in the values of firmness was observed during storage. In general, 

the G* and Af were higher in the samples with K-carrageenan compared to products to which i-

carrageenan was applied (P < 0.05). Moreover, all samples were characterised as homogenous and no 

water release and no off-flavour (P > 0.05) were detected. The suggested concentration of both tested 

carrageenans in order to obtain products with desired properties lies in the range of 0.050-0.125 g/100 

g. 
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1. Introduction 

Cream desserts (sometimes also labelled as “cream cheese”) are dairy products with 

rheological/textural and organoleptic characteristics derived from the famous Italian cheese 

“Mascarpone”. Furthermore, traditional Mascarpone is manufactured by heating standardised cream 

in the presence of an acid (usually citric acid, acetic, tartaric or lactic acid), until a precipitate forms 

after several min (in a temperature range of 75-90 °C). In addition, the casein micelles (or fractions 

thereof) and serum proteins present within the developed matrix associate with fat droplet 

membranes (which are lipoprotein in nature). Moreover, “Mascarpone-like” dairy products (including 

cream desserts) are usually produced by heating a mixture of high-fat in content cream with dairy 



powders (e.g. skim milk powder, whey powder, caseinates, milk protein concentrates, milk protein 

isolates) and selected hydrocolloids. Hence, the resultant dairy products, unlike traditional 

Mascarpone, present a neutral pH (Hinrichs, 2004; Lopez, 2011; McSweeney et al., 2017). 

Furthermore, carrageenans belong to the group of anionic linear sulphated galactans. The structure of 

carrageenans is based on the carabiose disaccharide composed of β-D-galactopyranose and 3,6-anhy-

dro-a D-galactopyranose building blocks linked by a β-(1-4) bond. Additionally, for the production of 

Mascarpone-like products it is possible to use two types of carrageenans (k- and i-carrageenan). 

Particularly, k -carrageenan contains one sulphate group in the basic unit of carabiose, and in the case 

of i-carrageenan are present two sulphate groups (Matignon et al., 2014; Singh et al., 2003; Spagnuolo 

et al., 2005). Furthermore, k- and i-carrageenan can occur in an aqueous medium (depending on 

temperature), in two states. Therefore, the latter states are the ordered helical structure (helix) and 

the disordered state. In addition, the transition temperature from the helical structure to the 

disordered state in the aqueous medium is usually in the range of 35-55 °C and depends on a number 

of parameters (including the type of carrageenan and the proportion and concentration of ions) 

(Bourriot et al., 1999; Langendorff et al., 1999; Spagnulo et al., 2005). 

Interactions between carrageenans and milk proteins are studied in depth. In particular, k- and i-

carrageenans can form aggregates with milk proteins through positively charged segments of milk 

proteins and negatively charged carrageenans (Garnier et al., 2003; Kovacová et al., 2010; 

Langendorff et al., 2000). However, according to Lynch and Mulvihill (1996), interactions might also 

occur between carrageenan and β-casein and aS-caseins, in the presence of calcium ions and 

phosphorus ester-bonded on the seryl residues of the individual casein fractions. Additioanlly, in dairy 

systems might occur extensive interactions of anionic linear hydrocolloids, enhancing their ability 

forming aggregates with casein fractions and serum proteins (Borreani et al., 2016). The interactions 

among carrageenans and milk proteins also depend on whether the temperature of the system is 

below or above the transition temperature from the helical structure to the disordered state. The 

adsorption of k- and i-carrageenan on casein micelles occurs only at temperatures lower than the 

transition temperature (at which both k- and i-carrageenan are in the helical state). Furthermore, the 

concentration of applied carrageenan and the properties of the environment (ionic strength, presence 

individual ions) are also important factors. According to Klojdova et al. (2018) application of 

carrageenans in Mascarpone-like products could enhance emulsion stability (over time) by preventing 

the aggregation of fat globules resulting. 

Although Mascarpone-like products are applied in a wide range of confectionery and bakery products 

and salads, the available information in the scientific literature is scare. Additionally, these products 

can vary in terms of consistency and the application of carrageenans could lead to final products with 

versatile rheological and organoleptic properties. Moreover, various regions and cultures might have 

divergent expectations to the desirable consistency of Mascarpone-like products. The present work 

was undertaken under the objective to compare the effect of k- and i-carrageenan (in concentrations 

ranging from 0.025 to 0.150 g/100 g) application in cream desserts and evaluate their viscoelastic 

properties and sensory quality during a 28-d storage period (at 6 ± 2 °C). 

 

2. Material and methods 

2.1. Cream desserts manufacture 

The Stephan UMC-5 (Stephan Machinery GmbH, Hameln, Germany) apparatus was applied for the 

production of the model samples of cream desserts (dry matter content of 44 g/100 g and fat content 



of 38.5 g/100 g). The raw materials utilized in all cream dessert samples formulation were: 3000 g of 

high-fat cream (dry matter content of 42 g/100 g and fat content of 40 g/100 g; Lacrum Velke Mezirící 

Ltd., Velké Mezirící, Czech Republic) and 120 g milk protein concentrate (KUK BOHEMIA, Ltd., Prague, 

Czech Republic). Furthermore, K-carrageenan (CAS Number 11114-20-8, EC Number 234-350-2, MDL 

number MFCD00151514; SigmaAldrich, Ltd., Prague, Czech Republic) and i-carrageenan (CAS Number 

9062-07-1, EC Number 232-949-3, MDL number MFCD00151512; SigmaAldrich, Ltd., Prague, Czech 

Republic) were added separately at concentrations of 0.025; 0.050; 0.075; 0.100; 0.125 and 0.150 

g/100 g. 

For the manufacture of the samples, all applied ingredients were added into the Stephan UMC-5 

apparatus. Thereafter, the vessel of the equipment was sealed and a vacuum of approx. 0.02 MPa was 

set. The model samples of cream desserts were manufactured at 3000 rpm with a target temperature 

of 80 °C and a holding time of 1 min. The total production time was in the range of 5-6 min, regardless 

of the applied carrageenan type and concentration. Thereupon, the products were poured into 

cylindrical polypropylene containers (diameter 72 mm; height 35 mm) and sealed with a plastic lid. 

Packed samples were cooled and stored under refrigeration conditions (6 ± 2 °C) for a period of 28 d 

until analyses were performed. All analyses were performed on the 1st, 7th, 14th, 21st and 28th d of 

storage. The model samples with each carrageenan type (n = 2) addition at each concentration (n = 6) 

were produced three times (n = 3) according to the production protocol presented above. Thus, 36 

batches (2 types of carrageenan x 6 concentrations of carrageenan x 3 repetitions; n = 36) of cream 

desserts were produced in total. During chemical and viscoelastic properties determination, each 

container was tested in triplicate (9 containers X 3 repetitions = 9 analyses; n = 27). 

 

2.2. Chemical analysis 

Dry matter content, fat content and crude protein content (crude protein) were analysed according to 

ISO 5534:2004 (ISO, 2004a), ISO 1735:2004 (ISO, 2004b) and ISO 8968-1:2014 (ISO, 2014). The pH was 

measured with a pH meter with a glass probe (pH Spear, Eutech Instruments, Oakton, Malaysia) 

directly in the sample. 

 

2.3. Rheological analysis 

Dynamic oscillation rheometry was performed on a RheoStress 1 rheometer (Thermo Haake, Bremen, 

Germany) equipped with a 35 mm diameter plate-to-plate geometry. The measurement was 

performed at 20.0 ± 0.1 ° C and a gap of 1 mm was used. The amplitude of shear stress (2.0 Pa) was 

selected in the linear region of viscoelasticity. The exposed edge of the parallel-plates geometry was 

covered with a thin layer of silicone oil in order to prevent sample dehydration. During the 

measurement the storage (G’; Pa) and loss (Gé Pa) moduli were determined as a function of frequency 

f (0.1-10.0 Hz). The above-mentioned moduli were used for complex modulus of elasticity (G*; Pa) 

calculation according to equation (1) (Eq. (1)): 

 

 

Moreover, the phase shift angle (; °) was calculated as the arcus tangent of the G"/G’ ratio. For the 

evaluation of the samples viscoelastic properties the Winter’ s critical gel theory was implemented. 



According to equation (2) (Eq. (2)), the complex modulus of elasticity can be expressed as follows 

(Winter & Chambon, 1986): 

 

 

 

where AF (Pa-s1/z) is the gel strength, ro is the frequency (Hz) and z (unitless) corresponds to the 

interaction factor. 

 

2.4. Sensory analysis 

The sensory analysis was performed by a panel of 24 selected assessors (experts) trained according to 

ISO 8586:2012 (ISO, 2012). The assessors were between 24 and 49 years old (18 women and 6 men). 

For the evaluation of the organoleptic properties, cream dessert samples were served in cylindrical 

polypropylene containers (coded with 3-digit numbers). The tested samples were served in 

randomized order (to avoid positional bias) and at controlled temperature (20 ± 2 °C). The sensory 

analysis was realized in a laboratory equipped with sensory booths (under normal light condition) in 

accordance to ISO 8586:2007 (2007). Moreover, in order to avoid carry-over effects water was 

provided for mouth rinsing between the samples evaluation. A 5 min break was taken after each 

sample to avoid palate fatigue. The cream dessert samples were evaluated using 7-point scales for the 

following sensory traits: homogeneity (1—completely homogeneous; 4—moderate homogeneity; 7— 

completely inhomogeneous), drainage of water (1—no free water; 4—moderate amount of free water; 

7—excessive amount of free water), hardness (1 —very soft; 4—moderate hardness; 7—very hard) 

and off-flavour (1—negligible, 4—moderate, 7—excessive). 

 

2.5. Statistical analysis 

The obtained results were analysed by non-parametrical analysis of variance of Kruskall-Wallis and 

Wilcoxon tests (Unistat® 6.5 software; Unistat, London, UK), where the significance level was 0.05. 

Correlation analysis was performed using Spearman’s correlation coefficient. 

 

3. Results and discussion 

3.1. Chemical analysis 

Dry matter content, fat content and crude protein content were insignificantly different in all tested 

batches, regardless of the storage time (P > 0.05) and ranged in the intervals of 43.79-44.12 g/100 g, 

38.22-38.67 g/100 g and 5.12-5.39 g/100 g, respectively. Similar values of dry matter, fat and protein 

content for individual samples are important for their comparability and for drawing relevant 

conclusions about the tested factors (Lee & Klostermeyer, 2001; Piska & Štětina, 2004; Salek et al., 

2020). The pH values of cream desserts on the 1st d ranged from 6.56 to 6.61, regardless of the type 

and concentration of the utilized carrageenan (P > 0.05). During the 28-d storage period, a slight and 

gradual decrease in the pH values was observed (data not shown). Moreover, on each d of analysis (7, 

14, 21 and 28) the pH values of the tested samples did not differ significantly from each other (P > 

0.05). In addition, stable pH values are also important for samples comparability. Thus, the pH could 



affect the charges on caseins and serum proteins as well as lipoprotein membranes of the fat globules 

(Marchessau, Gastaldi, Lagaude & ). 

 

3.2. Rheological analysis 

The results of the rheological analysis of the cream desserts are shown in Tables 1 and 2 and Figs. 1-4. 

In particular, Tables 1 and 2 present the values of complex modulus of elasticity (G*; Pa), the phase 

shift angle (; °), the gel strength (AF; Pa^ s1/z) and the interaction factor (z; unitless) expressed for the 

reference frequency of 1 Hz. The latter reference value was previously used by Černíková et al. (2008), 

Piska and Štětina (2004) and Salek et al. (2020). From the obtained results it could be reported that 

with the increasing addition of k- and i-carra-geenan, the complex modulus of elasticity (G*) and the 

strength of the gel (AF) increased, indicating an increase in the firmness of the tested cream dessert 

samples. On the contrary, the monitored decreasing values of the phase shift angle () could provide 

information that the increase in the stiffness of the product was accompanied by an increase in the 

proportion of the elastic component over the viscous. On the same token, the resulting structure of 

the tested samples came “closer1’ to the ideally elastic behaviour. Furthermore, the latter statement 

could also be depicted by the course of the frequency dependence of the elastic and loss moduli (Figs. 

1-4). In addition, the above-mentioned observations could be supported by the interaction factor 

values increase, indicating a multiple rise in the mutually interacting units (biopolymers—proteins and 

polysaccharides) in the monitored network structure. Moreover, the applied carrageenans, casein and 

serum proteins (derived mainly from the utilized milk protein concentrate) as well as components of 

the lipoprotein membrane, could be “enriched” with bonded casein micelles (or fractions) and serum 

proteins (Borreani et al., 2016; Lopez, 2011; Matignon et al., 2014). In addition, two types of three-

dimensional structure formation can occur during the carrageenan-casein micelle interactions (Arltoft 

et al., 2007; Langendorff et al., 1999). Based on the latter statement, a limit concentration of 

carrageenan for the formation of a certain type of three-dimensional network might exist. In particular, 

if the applied carrageenan level is considered to be below the limit, then the carrageenan only adsorbs 

on the surface of the casein micelles forming an “interlayer” (bridges) between individual micelles. On 

the contrary, if the carrageenan level is considered to be above the limit, in addition to bridges, 

carrageenan can form a three-dimensional structure from its own chains. In general, the above-

mentioned carrageenan limit level is considered to be 0.2 g/100 g. 

  



Table 1 Values of the complex modulus (Ga; Pa), phase shift (; °), gel strength (AF; Pa*s1/z) and interaction factor (z; 

dimensionless) of the model cream dessert samples produced with K-carrageenan (concentrations in the range of 0.025-

0.150 g/100 g) and stored during a 28 d period (at 6 ± 2 °C). The results are expressed as mean ± standard deviation (n = 27).a. 

aThe means within a column (the difference between the storage time) followed by different superscript letters differ (P < 

0.05); the samples manufactured using a different K-carrageenan concentrations were evaluated independently. The means 

within a column (the difference between the concentration of K-carrageenan used) followed by different capital letters differ 

(P < 0.05); the samples stored in different times were evaluated independently. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 2 Values of the complex modulus (Ga; Pa), phase shift (5; °), gel strength (AF; Pa^s1/z) and interaction factor (z; 

dimensionless) of the model cream dessert samples produced with i-carrageenan (concentrations in the range of 0.025-0.150 

g/100 g) and stored during a 28 d period (at 6 ± 2 °C). The results are expressed as mean ± standard deviation (n = 27).a. 

aThe means within a column (the difference between the storage time) followed by different superscript letters differ (P < 

0.05); the samples manufactured using a different i-carrageenan concentrations were evaluated independently. The means 

within a column (the difference between the concentration of i-carrageenan used) followed by different capital letters differ 

(P < 0.05); the samples stored in different times were evaluated independently. 

Moreover, according to Bourriot et al. (1999) there is also a minimum concentration of carrageenan 

in order to achieve the formation of a stable dairy gel. In particular, the above-mentioned minimum 

concentration was 0.018 g/100 g. Additionally, the existence of a minimum effective carrageenan 

concentration in order to increase product firmness was presented by Černíková et al. (2008) and 

Gustaw and Mleko (2007). In general, it could be assumed that in cream desserts, carrageenans are 

probably absorbed on the surface of milk proteins, or on the surface of the fat droplets, resulting in 

the development of an “interlayer” between the above-mentioned particles with significantly less 

intense to form a three-dimensional structure deriving from the polysaccharide chains (Arltoft et al., 

2007; Langendorff et al., 1999, 2000). 

Moreover, the applied concentration of 0.025 g/100 g of k- and i-carrageenan led to the formation of 

a very weakly interconnected structure of cream dessert (Tables 1 and 2; Figs. 1 and 3 - parts A). Hence, 

by utilizing the latter concentration, it is possible to obtain a homogeneous product, presenting a 

viscous-like behaviour (based on the values of the phase shift angle;  δ > 45°). , this statement could 

also be supported by the low values of the interaction factor z, indicating a small number of interacting 

units (biopolymers) within the examined matrix. In particular, this phenomenon was observed for 

samples with K-carrageenan addition on the 1st d of storage and for samples with i-carrageenan 

addition up to the 21st d of storage. According to Bourriot et al. (1999) and Černíková et al. (2008) 

the limiting effective concentration of carrageenans for the formation of dairy gels was reported to be 

lower than 0.018 g/100 g and 0.050 g/100 g, respectively. Nevertheless, with respect to the obtained 

results it could be reported that the actual effective limiting concentration of k- and i-carrageenan 

depends on the properties of the tested dairy matrix (applied ingredients and processing parameters). 



In general, a significant increase in the firmness of the cream desserts was observed over the 28-d 

storage period, based on an increase in the values of complex modulus of elasticity (G*) and gel 

strength (AF) (P < 0.05; Figs. 1-4; Tables 1 and 2), regardless of the carrageenan type and 

concentration. Furthermore, the character of the gel also changed during storage. In particular, with 

the progress of the storage time the proportion of the elastic modulus over the loss modulus increased 

and a significant decrease in the values of the phase shift angle (δ) was also observed (P < 0.05). In 

addition, a possible explanation of the latter phenomenon could be found in the increase in the 

intensity of network interconnection, which can be depicted by the significant increase in the values 

of the interaction factor z during storage (P < 0.05). Additionally, a change in the milk fat polymorphism 

and thus, in the ratios between a-, β’- and β-crystalline form may also have contributed to the 

increasing values of firmness of the cream desserts during the 28 d of storage. Furthermore, at 

temperatures below 10 ° Č, milk fat can crystallise and with prolonged storage time, the proportion of p-form might 

increase, leading to an increase in the stiffness of the matrix (Bylund, 1995; Sato & Ueno, 2011). 

From the obtained results (Tables 1 and 2), it could be reported that higher values of the complex 

modulus (G*) and gel strength (AF) were recorded for cream desserts with K-carrageenan addition 

compared to products in which i-carrageenan was utilized (P < 0.05). Moreover, the values of the phase 

shift angle (5) indicate a more intense predominance of the elastic modulus over the loss modulus for 

samples with K-carra-geenan addition compared to those in which i-carrageenan was applied (P < 

0.05). Generally, the phenomena mentioned above were identified for all applied hydrocolloids 

concentrations during the storage period. However, there is no available scientific literal source 

providing direct information about the effect of k- and i-carrageenan addition in cream desserts and/or 

dairy products with a similar composition and pH values. 

 

Fig. 1. Dependence of the elastic (G’; full symbols; Pa) and the loss (G"; open symbols; Pa) moduli of the cream dessert samples 

manufactured with k -carrageenan in the concentrations of 0.025 (parts A and B), 0.050 (parts C and D) and 0.075 g/100 g 

(parts E, F) on the frequency (f; in the range of 0.1-10.0 Hz) during 28 d of storage (at 6 ± 2 °C); d 1 (parts A, C and E; ■□), d 7 

(parts A, C and E; •x), d 14 (parts A, C and E; ±A), d 21 (parts B, D and F; ▼▽) and d 28 (parts B, D and F; ^^) (n = 27). 

 

 



 

 

Fig. 2. Dependence of the elastic (G’; full symbols; Pa) and the loss (G"; open symbols; Pa) moduli of the cream dessert samples 

manufactured with k -carrageenan in the concentrations of 0.100 (parts A and B), 0.125 (parts C and D) and 0.150 g/100 g 

(parts E, F) on the frequency (f; in the range of 0.1-10.0 Hz) during 28 d of storage (at 6 ± 2 °C); d 1 (parts A, C and E; ■□), d 7 

(parts A, C and E; •x), d 14 (parts A, C and E; ±A), d 21 (parts B, D and F; ▼▽) and d 28 (parts B, D and F; ^^) (n = 27).  

The results of this study could be compared with those previously reported by Černíková et al. (2008). 

However, the latter authors examined processed cheese and reported an opposite effect. Hence, it 

could be hypothesised that a possible explanation might lie in differences in the representation of ions 

in both tested dairy matrices. In addition, the gel-strength ability of both carrageenan strongly depends 

on the presence of cations neutralising the negatively charged sulphate groups. In particular, K-

carrageenan is influenced by the presence of potassium ions, whereas i-carrageenan is affected by the 

presence of calcium ions (Nickerson et al., 2004; Ribeiro et al., 2004; Vega et al., 2005). With regard 

to the applied raw materials for the production of cream desserts herein and processed cheeses 

(according to Černíková et al., 2008) and taking into consideration the content of potassium and 

calcium ions in these raw materials, it could be assumed that the ratio of potassium and calcium ions 

might be approx. 1: 0.8-1.2 for cream desserts and 1: 6-8 for processed cheeses (in the presence of 

sodium phosphate-based emulsifying salts), respectively (Lucan et al., 2020; Reykdal et al., 2011). 

Therefore, it could be suggested that i-carrageenan is a more effective thickening agent in processed 

cheese, due to the higher concentration of calcium ions. On the other hand, K-carrageenan may be a 

more effective thickening agent in cream desserts, in which the relative amount of potassium ions is 

comparable to calcium ions. 

 

 

 

 



 

Fig. 3. Dependence of the elastic (G’; full symbols; Pa) and the loss (G"; open symbols; Pa) moduli of the cream dessert samples 

manufactured with i-carrageenan in the concentrations of 0.025 (parts A and B), 0.050 (parts C and D) and 0.075 g/100 g 

(parts E, F) on the frequency (f; in the range of 0.1-10.0 Hz) during 28 d of storage at (6 ± 2 °C); d 1 (parts A, C and E; ■□), d 7 

(parts A, C and E; •x), d 14 (parts A, C and E; ±A), d 21 (parts B, D and F; ▼▽) and d 28 (parts B, D and F; ^^) (n = 27). 

 

Fig. 4. Dependence of the elastic (G’; full symbols; Pa) and the loss (G"; open symbols; Pa) moduli of the cream dessert 

samples manufactured with i-carrageenan in the concentrations of 0.100 (parts A and B), 0.125 (parts C and D) and 0.150 

g/100 g (parts E, F) on the frequency (f; in the range of 0.1-10.0 Hz) during 28 d of storage at (6 ± 2 °C); d 1 (parts A, C and E; 

■□), d 7 (parts A, C and E; •x), d 14 (parts A, C and E; ±A), d 21 (parts B, D and F; ▼▽) and d 28 (parts B, D and F; ^^) (n = 

27). 

  



Furthermore, the current hypothesis could be supported by the significantly greater value of the 

interaction factor reported for cream desserts with K-carrageenan addition compared to samples in 

which i-carra-geenan was used (P < 0.05; Tables 1 and 2). 

Finally, with respect to the obtained results it could be stated that the type of carrageenan utilized 

would depend on desired final cream dessert consistency. Particularly, in cream desserts with a creamy 

and smooth consistency, heavy body, short texture, presenting a more viscous behaviour, i-

carrageenan is recommended. On the other hand, in cream desserts with increased firmness and 

homogeneous consistency, presenting a more elastic character, K-carrageenan should be the best 

choice (Saunders, 2011). 

 

3.3. Sensory analysis 

The tested cream desserts were also evaluated by sensory analysis. In particular, all tested samples 

were characterized as homogeneous during storage (score 1; P > 0.05), no water release was detected 

(score 1; P > 0.05), and no off-flavours ware reported either (score 1; P > 0.05). From the comparison 

of hardness (Table 3) it was found that with the increasing concentration of both applied carrageenan 

types and with the prolonging of the storage time, the firmness of cream desserts increased 

significantly (P < 0.05). 

Table 3 Sensory evaluation results of hardness of the model cream dessert samples produced with k- and i-carrageenan 

(concentrations in the range of 0.025-0.150 g/100 g) and stored during a 28 d period (at 6 ± 2 °C) evaluated by an expert 

panel (n = 24). The values were expressed as mediana. 

aThe products were evaluated using the following criteria: hardness (using 7-point scale: 1—very soft; 4—moderate hardness; 

7—very hard). bThe values within a column (the difference between the storage time) followed by different superscript letters 

differ (P < 0.05); the samples manufactured using a different carrageenan concentrations were evaluated independently. The 

values within a column (the difference between the concentration of carrageenan used) followed by different capital letters 

differ (P < 0.05); the samples stored in different times were evaluated independently.  



Furthermore, the results of hardness determination positively correlate (P < 0.05) with the 

development of the values of the complex modulus (G*), gel strength (AF), interaction factor (z), 

whereas negatively correlate (P < 0.05) with the values of the phase shift angle (δ). Additionally, the 

samples with K-carrageenan addition were perceived by the sensory assessors as stiffer compared to 

those in which i-carrageenan was applied. The latter phenomenon was observed in samples in which 

K-carrageenan was utilized at the highest concentrations (0.125 and 0.150 g/100 g) and were evaluated 

at the second half of e storage period (P < 0.05). Moreover, over the whole storage time the samples 

with a 0.025 g/100 g concentration of K-carrageenan were characterized as stiffer in comparison to 

that in which i-carrageenan was added. In general, i-carrageenan cream desserts were by nature more 

viscous rather than intensely bonded elastic gels. The results obtained by sensory analysis were 

analogous to those from rheological analysis. 

 

4. Conclusion 

The effect of k- and i-carrageenan (in the range of 0.025-0.150 g/ 100 g) addition on cream dessert 

samples viscoelastic properties and sensory quality during a 28-d storage period (at 6 ± 2 °C) was 

evaluated. Increasing concentrations of k- and i-carrageenan and increasing storage time, led to an 

increase in the firmness of the cream desserts. In general, K-carrageenan was evaluated to be a more 

effective thickening agent than i-carrageenan. From the obtained results, it could be concluded that 

the suggested concentration of both tested hydrocolloids lies in the range of 0.050-0.125 g/100 g, in 

order to produce cream desserts with desired rheological and sensory properties. Moreover, a 

practical benefit of this study, could be considered that for regions where cream desserts with softer 

consistency are desired, a concentration of k- and i-carrageenan < 0.050 g/100 g could be 

recommended. On the contrary, for regions where a firmer product is required, it is possible to apply 

K-carrageenan in concentrations >0.100 g/100 and i-carrageenan in concentrations >0.125 g/100. 

 

 

References 

Arltoft, D., Ipsen, R., Madsen, F., & de Vries, J. (2007). Interction between carrageenans and milk 

proteins: A microstructural and rheological study. Biomacromolecules, 8, 729-736. 

Borreani, J., Llorca, E., Larrea, V., & Hernando, I. (2016). Adding neutral or anionic hydrocolloids to 

dairy proteins under in vitro gastric digestion conditions. Food Hydrocolloids, 57, 169-177. 

Bourriot, S., Garnier, C., & Doublier, J. L. (1999). Micellar-casein - K-carrageenan mixtures. I. Phase 

separation and ultrastructure. Carbohydrate Polymers, 40, 145-157. 

Bylund, G. (1995). Dairy processing handbook (p. 436). Lund: Tetra Pak Processing Systems. 

Černíková, M., Bunka, F., Pavlínek, V., Brezina, P., Hrabe, J., & Valásek, P. (2008). Effect of carrageenan 

type on viscoelastic properties of processed cheese. Food Hydrocolloids, 22, 1054-1061. 

Garnier, C., Michon, C., Durand, S., Cuvelier, G., Doublier, J. L., & Launay, B. (2003). Iota-

carrageenan/casein micelles interaction: Evidence at different scale. Colloids and Surfaces B: 

Biointerfaces, 31, 177-184. 



Gustaw, W., & Mleko, S. (2007). The effect of polysaccharides and sodium chloride on physical 

properties of processed cheese analogs containing whey proteins. Milchwissenschaft - Milk Science 

International, 62, 59-62. 

Hinrichs, J. (2004). Mediterranean milk and milk products. European Journal of Nutrition, 43, I/12-I/17. 

ISO (International Organization for Standardization). (2004a). ISO Standard No. 5534: Cheese and 

processed cheese - determination of the total solid content (reference method). Geneva, Switzerland: 

ISO. 

ISO (International Organization for Standardization). (2004b). ISO Standard No. 1735: Cheese and 

processed cheese products - determination of fat content - gravimetric method (Reference method). 

Geneva, Switzerland: ISO. 

ISO (International Organization for Standardization). (2012). ISO/TS Standard No. 8586: Sensory 

analysis - general guidelines for the selection, training and monitoring of selected assessors and expert 

sensory assessors. Geneva, Switzerland: ISO. 

ISO (International Organization for Standardization). (2014). ISO/TS standard No. ISO 8968-1: Milk and 

milk products - Determination of nitrogen content - Part 1: Kjeldahl principle and crude protein 

calculation. Geneva, Switzerland: ISO. 

Klojdová, I., Troshchynska, Y., & Štětina, J. (2018). Influence of carrageenan on the preparation and 

stability of w/o/w double milk emulsions. International Dairy Journal, 87, 54-59. 

Kovačova, R., Stetina, J., & Curda, L. (2010). Influence of processing and K-carrageenan on properties 

of whipping cream. Journal of Food Engineering, 99, 471-478. 

Langendorff, V., Cuvelier, G., Launay, B., Michon, C., Parker, A., & de Kruif, C. G. (1999). Casein 

micelle/iota carrageenan interactions in milk: Influence of temperature. Food Hydrocolloids, 13, 211-

218. 

Langendorff, V., Cuvelier, G., Michon, C., Launay, B., Parker, A., & de kruif, C. G. (2000). Effects of 

carrageenan type on the behaviour of carrageenan/milk mixtures. Food Hydrocolloids, 14, 273-280. 

 

Lee, Š. K., & Klostermeyer, H. (2001). The effect of pH on the rheological properties of reduced-fat 

model processed cheese spreads. Lebensmittel-Wissenschaft und -Technologie- Food Science and 

Technology, 34, 288-292. 

Lopez, C. (2011). Milk fat globules enveloped by their biological membrane: Unique collodial 

assemblies with a specific composition and structure. Current Opinion in Colloid & Interface Science, 

16, 391-404. 

Lučan, M., Raniloviá, J., Slačanac, V., Cvetkovic, T., Primorac, L., Gajari, D., 

Obrdali, H. T., Jukiá, M., & Cacic, J. L. (2020). Physico-chemical properties, spreadability and consumer 

acceptance of low-sodium cream cheese. Mljekarstvo, 70, 13-27. 

Lynch, M. G., & Mulvihill, D. M. (1996). Rheology of carrageenan gels containing caseins. Food 

Hydrocolloids, 10, 151-157. 

Marchesseau, Š., Gastaldi, E., Lagaude, A., & Cuq, J. L. (1997). Influence of pH on protein interactions 

and microstructure of process cheese. Journal of Dairy Science, 80, 1483-1489. 



Matignon, A., Moulin, G., Barey, P., Desprairies, M., Maauduit, Š., Šieffermann, J. M., & Michon, C. 

(2014). Štarch/carrageenan/milk proteins interactions studied using multiple staining and Confocal 

Laser Scanning Microscopy. Carbohydrate Polymers, 99, 345-355. 

McSweeney, P. L. H., Ottogalli, G., & Fox, P. F. (2017). Diversity and classification of cheese varieties: 

An overview. In P. L. H. McSweeney, P. F. Fox, P. D. Cotter, & D. W. Everett (Eds.), Cheese chemistry, 

physics & microbiology (Vol. 4, pp. 781-808). London, UK: Elsevier Ltd. 

Nickerson, M. T., Paulson, A. T., & Hallett, F. R. (2004). Dilute solution properties of K-carrageenan 

polysaccharides: Effect of potassium and calcium ions on chain conformation. Carbohydrate Polymers, 

58, 25-33. 

Piska, I., & čStečtina, J. (2004). Influence of cheese ripening and rate of cooling of the processed cheese 

mixture on rheological properties of processed cheese. Journal of Food Engineering, 61, 551-555. 

Reykdal, O., Rabieh, S., Steingrimsdottir, L., & Gunnlaugsdottir, H. (2011). Minerals and trace elements 

in Icelandic dairy products and meat. Journal of Food Composition and Analysis, 24, 980-986. 

Ribeiro, K. O., Rodrigues, M. I., Sabadini, E., & Cunha, R. L. (2004). Mechanical properties of acid sodium 

caseinate-K-carrageenan gels: Effect of co-solute addition. Food Hydrocolloids, 18, 71-79. 

Salek, R. N., Cerníková, M., Lorencova, E., Pachlova, V., Kůrova, V., Šenkýrová, J., & Bunčka, F. (2020). 

The impact of cheddar and white brined cheese with various maturity degrees on the processed cheese 

consistency: A comparative study. International Dairy Journal, 111, 104-816. 

Šato, K., & Ueno, Š. (2011). Crystallization, transformation and microstructures of polymorphic fats in 

colloidal dispersion states. Current Opinion in Colloid & Interface Science, 16, 384-390. 

Saunders, A. B. (2011). Ice cream and desserts | dairy desserts. In Encyclopedia of dairy sciences (pp. 

905-912). 

Singh, H., Tamehana, M., Hemar, Y., & Munro, P. A. (2003). Interfacial compositions, microstructures 

and properties of oil-in-water emulsions formed with mixtures of milk proteins and k carrageenan: 1. 

Sodium caseinate. Food Hydrocolloids, 17, 539-548. 

Spagnuolo, P. A., Dalgleish, D. G., Goff, H. D., & Morris, E. R. (2005). Kappa-carrageenan interactions in 

systems containing casein micelles and polysaccharide stabilizers. Food Hydrocolloids, 19, 371-377. 

Vega, C., Dalgleish, D. G., & Goff, H. D. (2005). Effect of K-carrageenan addition to dairy emulsions 

containing sodium caseinate and locust bean gum. Food Hydrocolloids, 19, 187-195. 

Winter, H. H., & Chambon, F. (1986). Analysis of linear viscoelasticity of a crosslinking polymer at the 

gel point. Journal of Rheology, 30, 367-382. 

 

  


