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ABSTRACT

Amaranth betacyanin, responsible for a red or violet colour, is extracted from Amaranthus gangeticus by using the water extraction 
method and microencapsulated by spray drying. The physicochemical and morphological properties of microencapsulated 
using a mini spray dryer and maltodextrin is used as an encapsulating agent. Central composite design is applied and thirteen 
experiments are carried out. The responses are betacyanin retention, moisture content, water activity, particle densities, 
particle size, colour values and antioxidant activity. The quadratic effect of the inlet temperature is determined to be positive 
on betacyanin retention whereas the antioxidant is affected by the linear change of maltodextrin concentration. The moisture 

Particle densities and sizes are slightly affected by the process conditions studied.
Keywords: Amaranth, Colour Stability, Natural Colourant, Pitaya, Spray Drying Modelling

1.0 INTRODUCTION

The current increased trend of using natural colourants in the 

food and pharmaceutical industry has attracted the attention of 

major advantage of using natural colourants is their functionality 

nutritional quality of foods due to their potential role in human 

et al
application of amaranthus betacyanins in model food systems 

the production and properties of amaranthus betacynins by spray 

Microencapsulation by spray drying is a useful technique 

industries to stabilize the pigments and the antioxidant activity 

be simply explained as a solid matrix (such as maltodextrin or 

core and coating material and drying temperature are the most 

critical factors for the microencapsulation of pigments and their 

statistical tools used for the modelling and analysis of problems 

analyzing response surfaces are greatly facilitated by the proper 

choice of experimental design and a popular design used for 

betacyanins is systematically analyzed by using response surface 

temperature and carrier concentration against several responses 

2.0 MATERIALS AND METHODS

2.1 Raw Materials

Amaranthus gangeticus
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at -20o

2.2 Betacyanin Extraction and Spray Drying

et al

3

2.3 Experimental Design

made rotatable by the choice of 

of

ratio of core materials to coating materials from 1:1 to 1:3) for 

y =
0
 + 

1
T + 

2 11
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2.4 Analysis of Physicochemical and 

Morphological Properties of Powder

by the methods as described by Ng et al

132

-1

140

0 +1

Maltodextrin 
10 20 30 34

Table 1: Variables and their levels for central composite rotatable design (CCRD)

(1)
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IT=Inlet Temperature, MD=Maltodextrin concentration, BR=Betacyanin Retention, MC=Moisture Content, aw=Water activity

et al
et al

3.0 RESULTS AND DISCUSSION

3.1 Analysis of Response Surfaces

data for the response surface design is done and a summary of the 

the F and p

2

value of R2

F-value

2

IT  (°C)
MD

(%)
BR (%) MC (%) a

w

True

density

(kg/m3) ± 

std

Tapped

density

(kg/m3) ± std

Bulk

density

(kg/m3) ± 

std

Particle

size (µm)
a* IC

50
 (mg/ml)

20

20

20

30 1431 ± 4

132 20

140 10

34 442 ± 12

20 442 ±12

20

10

20

140 30 1443 ± 2

Table 2: Experiments of two factor CCRD and experimental responses

Factors
0 1 2 11 22 12

R2

retention

- - -

a value - - -

Moisture content - -

a - -

True density - - -

Tapped density - - -

- - -

Particle size - - -

2 of proposed models
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3.2 Effect on Betacyanin Retention, Redness and 

Antioxidant Activity

The percentage betacyanin retention is the percentage of 

presentation of the regression equation termed as a response 

factors (inlet temperature and maltodextrin concentration) 

and higher values both of these factors a have negative effect on 

inlet temperature is more sensitive than carrier concentration for 

et al

temperature is attributed as the reason for a higher loss of 

pigments and the pure compound is highly sensitive to spray 

incomplete encapsulation of betacyanin in the drying chamber as 

2

higher a

et al

 meaning the 

a graphical presentation of the response surface plot for the 

coating ratio indicating carrier concentration as the major 

unable to encapsulate the active compounds and thus results 

P<0.05
et al
and extract feed rate resulted in strong negative effect on the 

(c)

Figure 1: Response surface plot showing relation between 

(a) betacyanin retention, (b) antioxidant activity and (c) redness 

(a-value) as affected by inlet temperature 

and maltodextrin concentration

(a)

(b)
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3.3 Moisture Content and Water Activity

by Ng et al
might play a vital role in the case of drying of suspensions 

evaporated in the drying chamber during spray drying can be 

majority of moisture is removed from the surface of liquid 

moment the moisture removed from the core of the crust moves 

to the surface by diffusion and during this stage the moisture 

effect of inlet temperature is found to be much more dominant 

et
al

produced is slightly decreased during the variation of maltodextin 

(a)

(b)

(a)

Figure 2: Response surface plot showing relation between the 

(a) moisture content and (b) water activity as affected by inlet 

temperature and maltodextrin concentration

(b)

(c)

Figure 3: Response surface plot showing relation between (a) true 

density, (b) tapped density, and (c) bulk density as affected by inlet 

temperature and maltodextrin concentration
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3.4 Densities

and temperature also affects the true densities as revealed 

m3 3 3 3 for tapped 
3 3

True density excludes the open pores and closed pores of the 

The inlet temperature is inversely proportional to the true 

Particle Size

by the maltodextrin concentration and this might be related to 

maltodextrin concentration that causes a high feed viscosity 

et al

Colour Properties

parameters for concentrated red amaranth extracts L a b H
and C

L a*

and C L
a* and b L

L
L

p

p
a

a* value found 

a*

a*

(p
p

p

(a)

(b)

Figure 4: (a) Response surface plot showing relation between 

particle size as affected by inlet temperature and maltodextrin 

concentration, (b) mean particle size of powder produced by different 
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b
H

is ensured as the H C* is 

C

Powder Shape/Morphology

et al
temperature produces a higher drying rate and results in a smooth 

optimum spherical shape is produced for an inlet temperature of 

Multiple Optimization and Model Validation

a

desirability of the response surface on the inlet temperature and 

 and a* is 

a

 and a
 value and a

4.0 CONCLUSION

The physicochemical and morphological properties of 

microencapsulation of betacyanin extract can be obtained 

Run

Inlet

temperature

(°C)

Maltodextrin

concentration

(%)

L* a* b* H° C*

1 20

2

3 20

4 20

30

132 20

140 10

34

20

10 20

11 10

12 20

13 140 30

Table 4: Colour parameters of formulated spray-dried powder

L*=Lightness, a*=Redness, b*=Yellowness, H°=Hue angle, C*=Chroma
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(1320

0

0

maltodextrin concentration and a* value.

Responses

temperature

Maltodextrin

concentration retention
(mg/ml)

a*

value

Table 5: Optimum value for factors and responses 

from multiple responses



MODELLING AND DETERMINATION OF PHYSICO-CHEMICAL AND MORPHOLOGICAL

PROPERTIES OF MICROENCAPSULATED RED AMARANTH POWDER

Journal – The Institution of Engineers, Malaysia (Vol. 74, No. 2, December 2013) 9

REFERENCES

Food
Science Biotechnology

International Journal of Food Science & 
Technology

Phytochemistry

properties of a concentrated red-purple betacyanin food colourant 

Journal of the Science of Food and 
Agriculture

spray drying of bioactive compounds from cactus pear (Opuntia
Food Chemistry

from pitaya fruit (Hylocereus Polyrhyzus Journal of Food 
Agriculture and Environment

Trends in 
Food Science & Technology

 Journal of Food Science

Amaranthus
Food Chemistry

Drying Technology

methodology as mathematical modelling for bioprocess 

International Journal of Food 
Science & Technology

diverse Amaranthus Journal of Agricultural & Food 
Chemistry

Food Chemistry

Chemical
Engineering and Processing

Ananas Comosus)

Journal of Food Engineering

Leatherhead Publishing Surrey

conditions on the physicochemical properties of acai (Euterpe
oleraceae Journal of 
Food Engineering

Responses

 (mg/ml) a* value

Optimum value

data

experimental data for the validation studies

o

form from Amaranthus gangeticus

5.0 ACKNOWLEDGEMENT



PIK HAN CHONG, MOHAMMAD GULZARUL AZIZ, YUS ANIZA YUSOF, NAIM MOHAMMAD NAZLI,

NYUK LING CHIN AND SHARIFAH KHARIDAH SYED MUHAMMAD

Journal – The Institution of Engineers, Malaysia (Vol. 74, No. 2, December 2013)10

PROFILES

PIK HAN CHONG is a Post-graduate student in the 

MOHAMMAD GULZARUL AZIZ

YUS ANIZA YUSOF

MOHD. NAZLI NAIM

CHIN NYUK LING

SHARIFAH KHARIDAH SYED MUHAMMAD is an 


