BEST: International Journal of Humanities, Arts,

g
Medicine and Sciences (BEST: IJHAMS) OO Be St J ourna ' S
o

ISSN (P): 2348-0521, ISSN (E): 2454-4728 .
Vol. 5, Issue 12, Dec 2017, 53-58 Knowledge to Wisdom
© BEST Journals

COMPARITIVE STUDY ON OPTIMIZATION OF SPRAY DRYING P ARAMETERS,
FOR BEETROOT JUICE POWDER USING BOX-BEHENKEN

DESIGN AND CENTRAL COMPOSITE METHOD

LITTY MARY ABRAHAM ', ANJALI KRISHNA T. U ?& S. ELIZABETH AMUDHINI STEPHEN 2
L?Department of Food Processing and Engineering, i§arinstitute of technology and Sciences,
Coimbatore, Tamil Nadu, India
3Department of Mathematics, Karunya Institute of irelogy and Sciences,

Coimbatore, Tamil Nadu, India

ABSTRACT

Comparison on the optimization of beetroot juicevger were done using Box-Behnken design and central
composite method, to optimize the spray drying petars of inlet air temperature (160-180), maltddexaddition rate
(5-15%), and feed flow rate (400-600 ml/h). The exkmental results were done for (p<0.05), fittedhe second order
polynomial model, to describe and predict the resps, in terms of the powder yield, redness vahe lzeta lain

retention.

Studies done with box-benken design showed theorsgs as redness value and betalain retentiorasenlenith
an increase in maltodextrin concentration, andojigmum conditions were found as inlet air tempaetl60 deg, feed
flow rate:400ml/h, maltodextrin concentration:15%ptimization, done with central composite methosvedd an
increase in powder yield alone, with corresponditegrease in redness value, betalain retention la@doptimizing
conditions were inlet air temperature:170 deg, odktrin concentration:10% and feed flow rate:508ml
Redness value, along with powder yield plays anomamt factor, in the optimization of spray dryipgrameters, hence

box behnken design is the most desirable operation.
KEYWORDS: Spray Drying, Beet Root Juice, Optimization & Reds Value
INTRODUCTION

Nowadays, there is an increasing interest amonguwuars, to buy food based on their quality evadmatind
colour is the primary screener. The applicatiormaburs to food includes giving colour to colouddeods and retaining
the original colour of the food, after any unit cgtéons. (Shishir et al., 2016). Algae, fungi, keis, or bacteria’s are the
sources of natural colour, in the form of pigmemtathocyanin and betalains are the two pigmentsl useprovide red
colour in food industry. Betalains, are derivediirbeetroot, which are water-soluble nitrogenousngigts. The betalains
are widely used in dairy products such as ice csegimgurt, dry soft drink, confectionaries, soumsg bacon products.
Betalains are pH stable compounds in the range7f(3ackman and smith 1996). Betalains are maiotgposed of red-
violet betacyanin and yellow-orange betaxanthimtaiming betalamic acid as the bioactive unit. @nying the levels of
water activity, temperatures, exposure to oxyged, layht, the stability of betalains changes. Ted beet, Amaranthus,

Hylocereuspolyrhizus (red pitaya) are the natumlrses of betalains. Spray drying is a method gfnga solution,
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suspension or slurry, in order to produce a powddr good quality, low water activity and easieairtsport and storage.
Powder produced by spray drying without carriery inave low quality and stability and is undesirabléood industries
(Gokhale and Lele, 2011). Maintaining a high contef betalains in dried spray juice powder is a lliemge.
High molecular weight drying carriers (maltodexjriere added with sugar-containing juices, to aubml stickiness of

wall chamber and among the dried particles.

Nemzer et al (2001), compared the betalainic artdtiomal profiles of pigments present in beetraoied and
extracted by freeze, air and spray drying. Bindlg2016), found the optimization parameters ofagpirier, for betroot
juice powder, using box-behenken design. Tee €Ml2), studied the optimization of spray dryinggmaeters of piper
betle I. leaves extract, coated with maltodextréiing box behenken design. The optimum operatioritions for the

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

MATERIALS AND METHODS
Powder Yield

Powder yield after drying was evaluated in perogatas total solids collected to the total solidsvjaled in the

feed suspension.
Colour
The powder colour was determined using Chroma meter
Betalain Retention
A spectro photometric method is used, for the gfieation of betalains using UV-VIS spectrophotoeret
Experimental Design

The Box-Behnken design is a better prediction dpmrain the centre of the factor space Design-Exp®, Stat-
Ease, Inc.). The 3-factor-3-level Box-Behnken deditpntrogomery, 2008; Box and Behnken, 1960) atctwtre point,
with five replicates was used for spray drying afetsoot juice powder, taking 3 independent varsblalet air
temperature (160, 170 and 180 deg), feed flow(#26, 500 and 600 ml/h) and MD concentration (5986land 15%) to
make the predictive models for different responsée responses were analysed by using second potigromial (SOP)

model:

n n s
A Z Brixi+ Zﬁ‘-r1r_ + ZZ Brixix;
=1 =1

i=1 j=i+]
Where, Yk =response variable; Y1 =powder yield (¥&; =hygroscopicity (g/100 g); Y3 = redness val¥d; =

betalain retention (%) and Y5 =RSA (%); xi reprdstie coded independent variables (x1 = temperatuiget air, x2 =

concentration of maltodextrin concentration and=xged flow rate), the value of the fitted respoat¢he centre point of

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

The central composite design is one of the mostneonly used response surface design experimerd.used

mostly for solving sequential experiments. Thedextevels are coded as +1 and -1.
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Table 1: Experimental Design for Spray Drying Test using Cettal Composite Method

Central Composite Design

Each numeric factor is setto S levels: plus and minus alpha (axial points), plus and minus 1 {
every combination of the categorical factor levels.

MHumeric factors: 3 ~ (2 to S0) (@) Horizontal
Categoric factors o ~ (0 to 10) 3 Vertical
HName | Ungs | Low | High | |
A [Numeric] |inlet air temera deg © 180 180 153,182 |
B [Numeric] |maro dextrin a %% s 1S 1.5 |
|

(Siumanicl | reea fow ratefmh  [soe soo

RESULTS AND DISCUSSIONS

The experimental resultsf percentage of powder yield, redness, value imetetention of the powders are sho
in Table 2.

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

Options Design Tools Help Tips

29 &2 K

o Factor 1 Factor 2 Factor 3 1 l 2 L 3L 4
2| sw Block Run | Space Type | Acinlet air te... |5:maltodextri..|C:feed flow .| Powder yield [Hygr in retent..
el 4 = deg € }! = L] 2 [“oroos | 1 2
™ Day 1 1 Factorial 180 15 400 54.31 19.23 2467 83.16
- Day 1 2 Center 170 10 500 48.03 16.56 27.82 65.78
10 Day 1 3 Center 170 10 so00 48.03 16.56 27.92 65.78
= 7 Day 1 4 Factorial 160 15 600 42.43 15.04 33.21 69.49
s Day 1 5 Factorial 180 s 800 4131 1471 3178 67.95 |
I ) Day 1 6 Factorial 160 s 400 41.31 1471 31.78 67.95 |
- 2 Day 1 7 Factorial 180 s 400 51.54 2068 22556 51.34
= 11 Day 1 8 Center 170 10 s00 48.03 16.56 27.92 65.78
| s Day 1 s Factorial 180 s 600 53.34 19.67 24.21 52.84
I Day1 10 Factorial 160 15 400 4473 14.86 2467 70.45
L] s Day1 11 Factorial 180 15 600 47.82 16.45 27.03 65.82
L] 12 Day1 12 Center 170 10 500 48.03 16.56 2792 6578
= 19 Day 2 13 Center 170 10 S00 48.03 16.56 27.92 65.78
il s Day2 14 sxial 170 1.59104 500 40.34 15.32 24.21 5223
| =20 Day2 15 Center 170 10 500 48.03 16.56 27.82 8578
__| 18 Day 2 18 Axial 170 10 668.179 40.25 14.36 2264 61.54
16 Day 2 17 Axial 170 18.409 S00 4231 14.71 27.32 6223
I Day2 18 Axial 153.182 10 500 4034 15.53 2256 62.84
] 14 Day2 19 fodial 186.818 10 500 48.65 16.56 34.78 6135
il Day2 20 Axial 170 10 331.821 41.32 15.32 2256 61.32

The linear model for all the responseterms of coded factors are shown in equation by

Equations

e Y;=+47.38+3.75A+0.37H.64C-0.91AB-0.30AC-1.32BC-0.083A%-1.20B2-1.39C?

*  Y,=+27.520.91A+1.06B+0.20C+0.076AB+0.68/-0.094BC+0.98A2-0.052B2-17C

e Y3=+64.451.85A+0.65B+0.26

* Y,;=POWDER YIELD

* Y,=REDNESS YIELD

* Y3;=BETALIN RETENTION

* A-inlet air temperature

* B-malto dextrin addition rate

» C-feed flow rate
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Table3: Design Summary

|_|File Version 10.0.5.0

| Design Wizar Optimization = Factorial/RSM = HTC

.| Study Type Responze Surface Subtype Randomized

| Design Type Central Composite Runs ]

_Deswgn Mode Quadratic Blocks 2 Build Time (r125.00

7Fac10r Name Units Type Subtype  Minimum  Maximum Coded Values Mean Std. Dev.

_A inlet air temper deg C Numeric Continuous ~ 153.182 186.818 -1.000=160  1.000=180 170 o478t

B mattodextrin &% Numeric Continuous 159104 18.408 -1.000=5  1000=15 10 423905

c feed flow rate mih Numeric Continuous ~ 331.821 €83.179 -1.000=400  1.000-B00 500 8478l

.| Response Name Units Obs Analysis  Minimum  Maximum  Mean Std. Dev.  Ratio Trans Model
| R1 Povider yield % 2 Polynomial 4025 543 45,909 446931 1.34832 Nong: Quadratic
R Hygroscopict 0/100g 0 Polynomial ~ 14.35 2068 16.3255 173405 1.44011 lone Lingar
| RI Redness value 0 Polynomial ~ 22.56 U P 398243 1.54187 None: Quadratic
| R4 Betalin retentio % 2 Polynomial ~ 61.32 7045 64.761 261883 1.14805 Nong: Lingar

Powder Yield

The higher yield with higher maltodextrin concetitra was not due to the addition of total solidghe forn of
carriers (maltodextrin), budue to the reduction in stickiness by the encapisuliof maltodextrin(Fazaeli et al., 2012).
The feed flow rate has negative effect on the powder yi, because of the slow heat and n transfer rate, by using the
BBD. But, in case of model designed with central composit¢hag, the powder yield increased on increasing the

flow rate and maltodextrin concentrati

Powder yield

Povwder yield (%)

_~ 180
= i N - 176

B W 1 172
: maltodextrin addition rate (%) T A inlet air temperature (deg C) ~ ” 168

o ™ IAT

57160

9
MD additionrate 7

Figure 1: Central Composite Design Box Behenken Design
Redness Value

Redness in bémot is the major fact, which indicates the best quality péwder afteidrying. The retention of
rednessvas higher at initial drying temperatu, but there was a ste@ecrease in the (t, for redness value at higher
initial air temperaturedue to the degradation of the pigment at highepteratur using the Bo-behenken design. But, in
case of central composite desighere was a decrease in redness Y, with increase in inlet air temperature ¢

maltodextrin concentration.
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B: maltodextrin addition rate (%)~~_ " A: inlet air temperature (deg C) 5" 7 ' _ 450
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Figure 2: Central Composite Design Box-Behenken Design

Betalain Retention

Betalains have severdliological activities, antioxidant, a-inflammatory, hepat-protective, and antitumor
properties along with a red colour. Inlet air temghere and maltodextriraddition rate had a significant eff, on the
retention of betalain pigment. The highest pignretention (70.46%) was found in powders with 15%toakextrin, MD
acted as a carrieio prevent damage to pigments at higher tempel, in boxbehenken design. E, in the central
composite desigretalain retention showed a significant decreask wcrease in inlet air temperature émaltodextrin

concentrationpn comparing it with BBL

Betalain retention

Betalin retention (%)
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Figure 3: Central Composite Design Box-Behenken Design
OPTIMIZATION OF PROCESS PARAMETERS AND VERIFICATION OF THE MODEL

Individual responses such as. Powder yield, rednaise, betalain retention were compared using gveskperi

software (boxsehenken design and central composite design)sdfaing the problem constraints were set in the fort
Minimum and maximum range values for all independamniables (Table 1

Table 4: Confirmation Report

Confirmation Report
Two-sided Confidence =95% n= 1

Factor Name Level Low Level High Level std. Dew. Coding
A inlet air temper 170.00 160.00 180.00 0.000 Actual
B maltodextrin ac 10.00 5.00 15.00 0.000 Actual
c feed flow rate 500.00 400.00 §00.00 0.000 Actual
Predicted  Predicted

Mean Medianl  Observed std Dev n SEPred 95% Pllow DataMean 95% Pl high
2.45 41.83 s2.92
123 13.59 18.82
522 1572 3932
1.89 60.43 68.47

47.3758 47.3758 - 2.28671
16.2071 18.2071 - 119738
27.5218 27.5218 - 482339

64.4481 54.4481 - 1.84005

CONCLUSIONS

Different runs for the bokehenken design and central composite design v, to study the parameters of
beetroot juice powdegt various levels of inlet air temperatuof maltodextrin addition rat The response optimization
showed the optimizing conditionfgr maximizing redness value, betalin retention gaoevder yield. Comarative study
showed that, the boiehenken design is the more reliable design modblaptimizing conditions that could be appli

in real time problems.
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