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ABSTRACT: The main aim of this research is the investigation of the effects of carrageenan on color 

measurement and rheological properties in mixed milks of cow and soy bean dessert. Different formula including 

ten levels of replacing of cow milk with soy milk from zero to hundred percent with 10% intervals and two levels 

of carrageenan (0 and 0.01%) were added, while the amount of starch (4%), sugar (5%) and strawberry flavor 

(0.06%) were fixed in all formula. All tests were repeated on the samples after storing at refrigerated temperatures 

for 2 and 7 days. However, addition of the hydrocolloid had no effect on rheological properties of the dessert 

samples. Consistency index of samples depended on milk to soymilk ratio. Soy dessert showed shearthining 

Herschel-Bulkly fluid behavior that in various concentration of soy milk and days of keeping becomes a 

shearthining Herschel-Bulkly fluid with yield stress. The results were also showed that lightness and redness of the 

samples decreased; while the yellowness was increased as the replacing of cow milk by soy milk was increased. 

Also, these factors were higher than those in the samples contained the hydrocolloid. 
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INTRODUCTION 

 

 Because of high nutrition of soybean, use of its 

products increased. Great importance of functional foods 

and speed of the growing of population and necessity to 

various foods and increasing of the cost of animal proteins 

are the main reasons of increasing soybean usage (Alvand 

2006; Mazaheri tehrani and Yeganezad, 2006). Soymilk is 

a water extract of soybean, closely resembling dairy milk 

in appearance and composition. It is recommended for 

those who are allergic to milk due to lactose intolerance 

and those who have special health or diet requirements 

(Abdolmaleki and Mazaheri Asadi, 2006; Jinapong et al., 

2008; Metwalli et al., 1982). 

 In spite of its high nutrition value and health 

characteristics, soy milk suffers acceptance restrictions 

with consumers due to an unpleasant flavor developed 

during the soy milk production (Rosenthal et al. 2003). 

Therefore change it to other foods with higher acceptance 

is useful.  

 Soy dessert is a functional food with similar 

compounds to dairy dessert but a part of cow milk has 

been replaced with soy milk. Starch based dairy desserts 

are basically formulated with milk, thickeners (starch and 

hydrocolloid), sucrose, aroma and colorants (Tarrega and 

Costell, 2006). 

Carbohydrate-based fat replacers for instance 

hydrocolloids are growing nowadays because of their 
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physicochemical properties and health friendly 

characteristics (Bayarri et al., 2010). 

 Food hydrocolloids are high-molecular weight 

hydrophilic biopolymers used as functional compounds in 

food industry for controlling of microstructure, texture, 

flavor and shelf life. This compounds are extracted from 

plants, seaweeds, microbes and modified hydrocolloids 

that made by chemical or enzymatic reactions that was 

done on starch or cellulose (Dickinson, 2003; Sahin and 

Ozdemir, 2004). 

 Carrageenan is one of the hydrocolloid that used in 

food industry. It is a sulfated polysaccharide that extracted 

from red seaweeds. Carrageenan has been used in food 

products and was patented as a food additive. It is a 

naturally material with little taste or odor, and has a long 

history of safe use in food productions. It is used widely 

because of stabilizing and texturizing functions. It is often 

used to thicken and improve the texture of food such as 

yogurt, salad dressing and soy milk. It also is used in 

pharmacy and cosmetic industry (Chen et al., 2001; 

Dunstan et al., 2001; Minich, 2003; Núñez-Santiago et al., 

2011; Hilliou et al., 2007; Mena-Casanova et al., 2011). 

 The effect of using carrageenan and soymilk on 

rheological properties and color measurement in mixed 

milk of cow and soybean dessert is the main aim of this 

research. 

 

MATERIALS AND METHODS 

 

Ingredients 

 Soymilk was provide by Isfahan soymilk Co. whole 

cow milk (3% fat) (90.93 % w/w was used) was provided 

by Damdaran Co. Wheat starch was provided by national 

starch. Carrageenan (mixture of κ and λ carrageenan) was 

provided by sigma chemical Co. 

 Different formula including ten levels of replacing of 

cow milk with soymilk from 0 to 100 percent with 10% 

intervals and two levels of carrageenan (0 and 0.01% w/w) 

added, while the amounts of starch (4% w/w), sugar (5% 

w/w) and red color and strawberry flavor (0.06% w/w) 

were fixed in all of them. 

 

Soy dessert preparation 

 Desserts were prepared as follows: carrageenan, 

starch and sugar were mixed and then were added to 

mixture of cow and soy milk at room temperature. Then 

mixture temperature reached 95±1 °C and stirred at around 

270 rpm with a propeller stirrer (heidolph ST1, Germany) 

product was held in this temperature for 15 min, then 

cooled until it reached about 40 °C and in this temperature 

colorant and flavor was added. Then samples was packed 

in polypropylene packages and stored in (4±1 °C) for 48 h. 

All tests were done on the samples after 2 and 7 days 

(Gonzalez-Tomas et al., 2007; Gonzalez-Tomas et al., 

2008). 

 

Rheological measurements 

 Rheological measurements were carried out in a 

rheometer (Brookfield rheometer RV-DV III, USA) using 

SC4-27 spindle. Samples were transferred to small sample 

adapter and allowed to rest for 5 min because of the 

sample temperature reach 5±1 °C before being tested. 

 Data from Rheocalc software were fitted to Herschel-

Bulkly model (Equation 1) to provide values of 

consistency index (k), flow index (n) and yield stress (τ0) 

(Bourne, 2007). 

  τ= τ0 +kγ
n
  

                                                                                          
(1)

 
 

Where:  

τ: Shear stress (D/cm
2
) 

τ0: Yield stress (D/cm
2
) 

k: Consistency index (cP) 

γ: Shear rate (1/s) 

n: Flow index 

 

Color measurements 

 After preparation of samples, they were transferred to 

a white room for capturing images. Lighting source was 

tow fluorescent lamp. 

 A high-resolution digital camera (Sony DSC-W80, 

7.2 mega pixel) was used to capturing the images. The 

angle between the camera lens axis and the lighting source 

axis was 45°. The distance between the light source and 

food sample was 31.5 cm. after image capturing; they were 

transferred to a computer and analyzed by Photoshop 

software (Version 11) for obtaining L* a* and b* 

parameters. Then these values were standardized and 

analyzed (Yam and Papadakis, 2004). 

 

Statistical analysis 

 Data were analyzed by analysis variance method 

(α=0.05) using Minitab software (Version 15). 

 

RESULTS 

 

Rheological measurement 

 Results of rheological measurements of samples 

without carrageenan are shown in table 1. 

As shown in table 1, After 2 days storing in 4°C, samples 

containing 40 to 60 percent soymilk have minimum 

consistency index and maximum flow index. Samples 

containing 70 to 90 percent soymilk have maximum 

consistency index and minimum flow index. 

 After 7 days, the least of consistency index transfer to 

samples containing 30 to 40 percent soymilk. In recent 

concentration especially in 30% flow index is more than 

other concentration. In this concentration yield stress is 

maximum, both in 2 and 7 days storage. 

 Results of statistical analysis showed that no 

significant correlation were found between soymilk and 

consistency index both in 2 and 7 days of storing (p>0.05). 
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Results of rheological measurement of samples with 

carrageenan are shown in table 2. 

 As shown in table 2, when have been used 

hydrocolloid, apart from 80 and 100% concentration of 

soymilk, concentration of 30 to 60% of soymilk have 

maximum consistency index in 2th day of storing.  

 Results of statistical analysis showed that no 

significant correlation were found between soymilk and 

consistency index both in 2 and 7 day of storing (p>0.05). 

 

The effect of hydrocolloid on consistency index 

 Results showed that use of hydrocolloid has no 

significant effect on increasing of consistency index both 

in 2 and 7 day of storing. 

 

Color measurement 

 Results of lightness measurement (L* parameter) 

were showed that the lightness of samples was decreased 

as cow milk replaced by soy milk. Also, when 

hydrocolloid was added, this factor was less than samples 

without the hydrocolloid. 

 Results of measurement of redness (a* parameter) 

were showed that the redness of samples were decreased 

as the replacing of cow milk, by soymilk was increased. 

Also when hydrocolloid was added, redness of samples 

was less than samples without the hydrocolloid. 

 Results of measurement of yellowness (b* parameter) 

were showed that yellowness of samples were increased as 

the replacing of cow milk by soymilk was increased. Also 

when carrageenan was added, yellowness of samples was 

less than samples without carrageenan. 

 

DISCUSSION 

 

Rheological measurement of soy dessert 

The effect of soy milk on consistency index of samples 

without hydrocolloid 

 Results showed that minimum consistency index 

belongs to samples contain 40 to 60% of soymilk. It may 

cause because of absence monotonous structure. In fewer 

concentrations, milk proteins and other components have 

established monotonous structure with specific molecular 

distribution that increase consistency index. 

 In higher concentration of soy milk, consistency index 

was increased because of soymilk has established more 

continues phase. 

 In this concentration, in spite of increase of 

consistency index, flow index has been decreased that 

shows less shear thinning structure than other 

concentration. That shows shear stress less decreased with 

increasing shear rate. 

 After 7 days of storing and come into new structure, 

the least consistency index transfer to samples contain 30 

to 40% of soymilk. In these concentrations flow index is 

more than other concentrations. 

 Sample with 30% soymilk has maximum yield stress 

both in 2 and 7 days of storing that shows better stability 

and protection of his texture in storing time. 

 

Determination of kind of fluid without carrageenan 

 Zero percent soy milk sample and samples containing 

10 to 70 % soymilk have flow index between 0 and 1 and 

yield stress of this is more than zero, therefore it is 

shearthining Herschel-Bulkly fluid with yield stress, so 

that shear stress increased with shear rate and rate of 

increasing of shear rate is more than increasing the shear 

stress and a primary force is necessity for flowing. 

 But in samples with 70% of soymilk and more than 

that, yield stress have been zeroed, therefore it is 

shearthining Herschel-Bulkly fluid and it needs no primary 

force for flowing. 

 In 7
th

 day of storage, reference sample and samples 

with 10 to 50% soymilk have flow index between 0 and 1 

and their yield stress is more than zero, so it is 

shearthining Herschel-Bulkly fluid with yield stress but 

samples contain 50% soymilk and more than that are 

shearthining Herschel-Bulkly fluid because of their yield 

stress is 0. 

 

The effect of soymilk on consistency index of samples 

contains carrageenan 

 Considering of result of rheological parameters after 2 

days has shown that a part from 80% and 100% samples 

with 30% to 60% soymilk have maximum consistency 

index. 

 It shown that in spite of samples without carrageenan 

and absence of monotonous structure, carrageenan can 

plays a role of invention of structure. 

 

Determination of fluid type using carrageenan 

 Reference sample and samples with 10% soymilk 

have flow index about 1. This factor is Herschel-Bulkly 

model is n and shows that these samples are Newtonian 

fluid. Samples contain 20 to 70% soymilk have flow index 

between 0 and 1. They have yield stress more than 0 so 

they are shearthining Herschel-Bulkly fluid with yield 

stress. 

 Samples contain 70 to 100% soymilk have flow index 

between 0 and 1 without yield stress that shows it is a 

shearthining Herschel-Bulkly fluid. 

 In after 7 days flow index has been decreased and 

reached to 0 that shows fluid behavior is going to 

shearthining Herschel-Bulkly fluid. Only reference sample 

and 10% soymilk content have shearthining Herschel-

Bulkly behavior with yield stress and other samples have 

no need to initial stress for flowing. 

 

The effect of hydrocolloid on consistency index 

 Statistical analysis showed that use of hydrocolloid 

had no significant effect on consistency index (p>0.05) 

both in 2 and 7 days of storing. Fig 1 shows correlation 
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between consistency index and soymilk in samples with 

and without carrageenan in 2 and 7 days of storing. 

 Relationship between soy milk and consistency index 

of soy dessert with and without carrageenan in 2 and 7 

days of storage has been shown in Figure1.  

 

Color measurement of soy milk dessert 

Measurement of lightness 

The effect of soymilk on lightness 

 Results showed that there is significant correlation 

between soymilk and lightness of samples with and 

without carrageenan both in 2 and 7 days (p<0.05). 

 

The effect of hydrocolloid on lightness 

 Data analysis showed that use of hydrocolloid has no 

significant effect on dessert lightness. Relationship 

between soy milk and lightness in dessert with and without 

carrageenan has been shown in Figure 2.  

 

 

 

 

Measurement of redness 

 Results showed that there is significant correlation 

between soymilk and redness of samples with and without 

carrageenan both in 2 and 7 days (p<0.05). 

 

The effect of hydrocolloid on redness 

 Data analysis showed that use of hydrocolloid has no 

significant effect on redness of dessert. 

Relation between soy milk and redness in dessert with and 

without carrageenan has been shown in Figure 3.  

 

Measurement of yellowness of soy dessert 

 Results showed that there is significant correlation 

between soymilk and yellowness of samples with and 

without carrageenan both in 2 and 7 days (p<0.05). 

 

The effect of hydrocolloid on yellowness 

 Data analysis showed that use of hydrocolloid has no 

significant effect on yellowness of dessert.Relation 

between soy milk and yellowness in dessert with and 

without carrageenan has been shown in Figure 4.

  
 

 

Table 1. Results of rheological measurements of samples without carrageenan 

 Day 2th Day 7th 

Soymilk 
(%) 

Consistency index 
(cp) 

Flow 
index 

Yield  

stress  

(D/cm2) 

Consistency index 
(cp) 

Flow 
index 

Yield stress 
(D/cm2) 

0 12179 0.58 128.6 18165 0.42 77.4 
10 12908 0.57 121.4 19951 0.31 0.63 

20 10823 0.6 140.4 21196 0.29 0 

30 8365 0.69 283.2 5453 0.84 231.7 
40 5554 0.74 196.6 9819 0.57 98.7 

50 3602 0.97 245.9 15240 0.45 49.4 
60 8178 0.64 128 30877 0.25 0 

70 15507 0.31 0 11429 0.27 0 

80 17406 0.32 0 13603 0.31 0 
90 17340 0.29 0 44666 0.15 0 

100 10043 0.47 0 22563 0.29 0 

 
Table 2. Result of rheological measurement of samples with carrageenan 

 Day 2th Day 7th 

Soymilk 

(%) 

Consistency  

index (cp) 
Flow index 

Yield stress   

(D/cm2) 

Consistency 

 index (cp) 
Flow index 

Yield stress 

(D/cm2) 

0 6467 0.98 284.7 22123 0.33 13.4 

10 3385 1.02 220.1 21480 0.45 104.3 
20 10140 0.75 175 16062 0.33 0 

30 27698 0.38 13.9 21085 0.3 0 

40 17309 0.5 92.5 25484 0.33 0 

50 20318 0.39 28.2 19847 0.33 0 

60 18755 0.41 48.2 17898 0.33 0 

70 12617 0.34 0 28126 0.2 0 
80 30080 0.2 0 36455 0.15 0 

90 14964 0.27 0 75924 0.06 0 

100 17971 0.31 0 27279 0.23 0 
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Figure 1. Relationship between soy milk and consistency index of soy dessert 

 

 

 
Figure 2. Relation between soy milk and lightness of soy dessert 

 

 
Figure 3. Relation between soy milk and redness of soy dessert 

 

 

 
Figure 4. Relation between soy milk and yellowness of soy dessert 
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CONCLUSION 

 

 Consistency index of samples was depended on milk 

to soymilk ratio that in various   ratios, it is different. Soy 

dessert is a shearthining Herschel-Bulkly fluid that in 

various concentration of soy milk and days of keeping 

becomes a shearthining Herschel-Bulkly fluid with yield 

stress and sometimes become a Newtonian fluid. Lightness 

and redness of the samples decreased; while the 

yellowness was increased as the replacing of cow milk by 

soy milk was increased. Also, these factors were higher 

than those in the samples contained the hydrocolloids. 
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