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ABSTRACT 

Comparison on the optimization of beetroot juice powder were done using Box-Behnken design and central 

composite method, to optimize the spray drying parameters of inlet air temperature (160-180), maltodextrin addition rate 

(5-15%), and feed flow rate (400-600 ml/h). The experimental results were done for (p<0.05), fitted in the second order 

polynomial model, to describe and predict the responses, in terms of the powder yield, redness value and beta lain 

retention. 

Studies done with box-benken design showed the responses as redness value and betalain retention increased with 

an increase in maltodextrin concentration, and the optimum conditions were found as inlet air temperature:160 deg, feed 

flow rate:400ml/h, maltodextrin concentration:15%. Optimization, done with central composite method showed an 

increase in powder yield alone, with corresponding decrease in redness value, betalain retention and the optimizing 

conditions were inlet air temperature:170 deg, maltodextrin concentration:10% and feed flow rate:500ml/h.             

Redness value, along with powder yield plays an important factor, in the optimization of spray drying parameters, hence 

box behnken design is the most desirable operation. 
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INTRODUCTION 

Nowadays, there is an increasing interest among consumers, to buy food based on their quality evaluation and 

colour is the primary screener. The application of colours to food includes giving colour to colourless foods and retaining 

the original colour of the food, after any unit operations. (Shishir et al., 2016). Algae, fungi, lichens, or bacteria’s are the 

sources of natural colour, in the form of pigments. Anthocyanin and betalains are the two pigments used to provide red 

colour in food industry. Betalains, are derived from beetroot, which are water-soluble nitrogenous pigments. The betalains 

are widely used in dairy products such as ice creams, yogurt, dry soft drink, confectionaries, soups, and bacon products. 

Betalains are pH stable compounds in the range of 3-7. (Jackman and smith 1996). Betalains are mainly composed of red-

violet betacyanin and yellow-orange betaxanthin, containing betalamic acid as the bioactive unit. On varying the levels of 

water activity, temperatures, exposure to oxygen, and light, the stability of betalains changes. The red beet, Amaranthus, 

Hylocereuspolyrhizus (red pitaya) are the natural sources of betalains. Spray drying is a method of dryinga solution, 
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suspension or slurry, in order to produce a powder with good quality, low water activity and easier transport and storage. 

Powder produced by spray drying without carriers may have low quality and stability and is undesirable in food industries 

(Gokhale and Lele, 2011). Maintaining a high content of betalains in dried spray juice powder is a challenge.                 

High molecular weight drying carriers (maltodextrin) are added with sugar-containing juices, to avoid the stickiness of 

wall chamber and among the dried particles. 

Nemzer et al (2001), compared the betalainic and nutritional profiles of pigments present in beetroot dried and 

extracted by freeze, air and spray drying. Bind et al (2016), found the optimization parameters of spray drier, for betroot 

juice powder, using box-behenken design. Tee et al.(2012), studied the optimization of spray drying parameters of piper 

betle l. leaves extract, coated with maltodextrin using box behenken design. The optimum operation conditions for the 

highest hydroxyl chavinol content with lowest moisture content and particle size were found out. 

MATERIALS AND METHODS 

Powder Yield 

Powder yield after drying was evaluated in percentage, as total solids collected to the total solids provided in the 

feed suspension. 

Colour 

The powder colour was determined using Chroma meter. 

Betalain Retention 

A spectro photometric method is used, for the quantification of betalains using UV-VIS spectrophotometer. 

Experimental Design 

The Box-Behnken design is a better prediction operation, in the centre of the factor space Design-Expert 9.0, Stat-

Ease, Inc.). The 3-factor-3-level Box-Behnken design Montrogomery, 2008; Box and Behnken, 1960) at the centre point, 

with five replicates was used for spray drying of beetroot juice powder, taking 3 independent variables: inlet air 

temperature (160, 170 and 180 deg), feed flow rate (400, 500 and 600 ml/h) and MD concentration (5%, 10% and 15%) to 

make the predictive models for different responses. The responses were analysed by using second order polynomial (SOP) 

model: 

 

Where, Yk =response variable; Y1 =powder yield (%); Y2 =hygroscopicity (g/100 g); Y3 = redness value; Y4 = 

betalain retention (%) and Y5 =RSA (%); xi represent the coded independent variables (x1 = temperature of inlet air, x2 = 

concentration of maltodextrin concentration and x3 = feed flow rate), the value of the fitted response at the centre point of 

the design, i.e., point (0, 0, 0). 

The central composite design is one of the most commonly used response surface design experiment. It is used 

mostly for solving sequential experiments. The factors levels are coded as +1 and -1. 
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Table 1: Experimental Design for Spray Drying Test using Central Composite Method

RESULTS AND DISCUSSIONS 

The experimental results of percentage of powder yield, redness, value betalin retention of the powders are shown 

in Table 2. 

Table 2: The Percentage for Powder Yield, Redness Valu
           Retention were Obtained for different Runs

The linear model for all the responses in 

Equations 

• Y₁=+47.38+3.75A+0.37B-0.64C

• Y₂=+27.52-0.91A+1.06B+0.20C+0.076AB+0.68AC

• Y₃=+64.45-1.85A+0.65B+0.26C

• Y₁=POWDER YIELD 

• Y₂=REDNESS YIELD 

• Y₃=BETALIN RETENTION 

• A-inlet air temperature 

• B-malto dextrin addition rate 

• C-feed flow rate 
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Experimental Design for Spray Drying Test using Central Composite Method

 

of percentage of powder yield, redness, value betalin retention of the powders are shown 

Table 2: The Percentage for Powder Yield, Redness Value and Betalin 
Retention were Obtained for different Runs 

The linear model for all the responses in terms of coded factors are shown in equation below:

0.64C-0.91AB-0.30AC-1.32BC-0.083A²-1.20B²-1.39C² 

0.91A+1.06B+0.20C+0.076AB+0.68AC-0.094BC+0.98A²-0.052B²-1.17C²

1.85A+0.65B+0.26C 
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of percentage of powder yield, redness, value betalin retention of the powders are shown 

and Betalin  

 

terms of coded factors are shown in equation below: 

 

1.17C² 
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Powder Yield 

The higher yield with higher maltodextrin concentration was not due to the addition of total solids in the form

carriers (maltodextrin), but due to the reduction in stickiness by the encapsulation 

The feed flow rate has a negative effect on the powder yield

BBD. But, in case of model designed with central composite method

flow rate and maltodextrin concentration.

Figure 1

Redness Value 

Redness in beetroot is the major factor

redness was higher at initial drying temperatures

initial air temperature, due to the degradation of the pigment at higher temperature

case of central composite design, there was a decrease in redness value

maltodextrin concentration.  
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Table3: Design Summary 

The higher yield with higher maltodextrin concentration was not due to the addition of total solids in the form

due to the reduction in stickiness by the encapsulation of maltodextrin 

a negative effect on the powder yield, because of the slow heat and mass

in case of model designed with central composite method, the powder yield increased on increasing the feed 

flow rate and maltodextrin concentration. 

   

Figure 1: Central Composite Design Box Behenken Design 

troot is the major factor, which indicates the best quality of powder after 

was higher at initial drying temperatures, but there was a steep decrease in the plo

due to the degradation of the pigment at higher temperature using the Box

there was a decrease in redness value, with increase in inlet air temperature and 
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The higher yield with higher maltodextrin concentration was not due to the addition of total solids in the form of 

maltodextrin (Fazaeli et al., 2012). 

because of the slow heat and mass transfer rate, by using the 

the powder yield increased on increasing the feed 

 

 

powder after drying. The retention of 

decrease in the plot, for redness value at higher 

using the Box-behenken design. But, in 

with increase in inlet air temperature and 
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Figure 2: 

Betalain Retention 

Betalains have several biological activities, antioxidant, anti

properties along with a red colour. Inlet air temperature

retention of betalain pigment. The highest pigment retention (70.46%) was found in powders with 15% maltodextrin, MD 

acted as a carrier to prevent damage to pigments at higher temperature

composite design, betalain retention showed a significant decrease with increase in inlet air temperature and 

concentration, on comparing it with BBD.

Figure 3: 

OPTIMIZATION OF PROCESS PARAMETERS AND VERIFICATION  OF THE MODEL

Individual responses such as. Powder yield, redness value, betalain retention were compared using Design expert 

software (box-behenken design and central composite design). For solving

Minimum and maximum range values for all independent variables (Table 1).

CONCLUSIONS 

Different runs for the box-behenken design and central composite design were used

beetroot juice powder, at various levels of inlet air temperature, 

showed the optimizing conditions, for maximizing redness value, betalin retention and powder yield. Comp

showed that, the box-behenken design is the more reliable design model with optimizing conditions that could be applied 

in real time problems. 
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Figure 2: Central Composite Design Box-Behenken Design 
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betalain retention showed a significant decrease with increase in inlet air temperature and 

on comparing it with BBD. 

   

Figure 3: Central Composite Design Box-Behenken Design 

OPTIMIZATION OF PROCESS PARAMETERS AND VERIFICATION  OF THE MODEL

Individual responses such as. Powder yield, redness value, betalain retention were compared using Design expert 

behenken design and central composite design). For solving the problem constraints were set in the form of

Minimum and maximum range values for all independent variables (Table 1). 

Table 4: Confirmation Report 

behenken design and central composite design were used

at various levels of inlet air temperature, of maltodextrin addition rate.

for maximizing redness value, betalin retention and powder yield. Comp

behenken design is the more reliable design model with optimizing conditions that could be applied 

Luqmanchuah, Pin k. Y.,2014. Optimiztion of spray drying process parameters 

extract coated with maltodextrin. J. of chemical and pharmaceutical research 4(3):1833
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inflammatory, hepato-protective, and antitumor 

addition rate had a significant effect, on the 

retention of betalain pigment. The highest pigment retention (70.46%) was found in powders with 15% maltodextrin, MD 

behenken design. But, in the central 

betalain retention showed a significant decrease with increase in inlet air temperature and maltodextrin 

 

 

OPTIMIZATION OF PROCESS PARAMETERS AND VERIFICATION  OF THE MODEL  

Individual responses such as. Powder yield, redness value, betalain retention were compared using Design expert 

the problem constraints were set in the form of 

 

behenken design and central composite design were used, to study the parameters of 

maltodextrin addition rate. The response optimization 

for maximizing redness value, betalin retention and powder yield. Comparative study 

behenken design is the more reliable design model with optimizing conditions that could be applied 

Optimiztion of spray drying process parameters of piper betlel. Leaves 

of chemical and pharmaceutical research 4(3):1833-1841. 
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