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INTRODUCTION 

Microencapsulation is a process in 
which tiny particles or droplets are 
surrounded by a coating or embedded 
in a homogeneous or heterogeneous 
matrix to give small capsules with 
several beneficial properties. Spray 
drying method is used widely as 
a microencapsulation technology, 
employed to produce commercially 

engineered powders from liquid feed 
in a single step (Bazaria & Kumar, 
2016). It offers short contact times at 
relatively low temperatures, allowing 
the properties of foods such as colour, 
flavour, and nutrients to be retained in 
considerable percentages. The powders 
obtained by spray-drying are amorphous 
materials, susceptible to glass-transition 
related changes including stickiness, 
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ABSTRACT

Introduction: Anthocyanins are water-soluble plant pigments responsible for bright 
red, purple and blue colours in fruits and vegetables. Extraction of anthocyanins 
from plant cells becomes an important task closely related to the need of preservation 
of their bioactivity. Therefore, encapsulation by spray drying is a technique used to 
retain maximum anthocyanin and colour.  Methods: The study was designed to 
investigate the physical properties of spray drying of Red Amaranthus extract with 
maltodextrin. The extract was prepared by soaking washed and finely chopped red 
spinach (Red Amaranthus) leaves in water for 72 h at 4°C of with potable water 
(solvent), followed by storage at refrigerated condition at 4°C for 72 h. The extract was 
mixed with maltodextrin solution in three different ratios: 1:1, 1:2 and 1:3. Powder 
properties were studied for the three different extract and maltodextrin ratios that 
were fed in the spray dryer. All analyses were conducted in triplicates.  Results: 
The 1:1 ratio retains maximum anthocyanin 93.03 mg/100g of spray dried powder 
compared to the other ratios; the moisture content of the 1:1 ratio was 0.44% (dry 
basis). The color chroma value of a* of 1:1 ratio was 26.24 and density was 0.55 
g/cm3 whereas the water activity of the sample was 0.62±0.01. By comparing the 
three ratios, the 1:1 ratio of extract and maltodextrin was the optimum combination 
for encapsulation of anthocyanin using spray-drying technique.  Conclusion: 
Encapsulation with maltodextrin at 1:1 ratio had a significant impact on retention 
of anthocyanin and colour in the final product.
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caking, and collapse as well as colour 
changes leading to low product yield 
and operational problems. Surface 
modification of droplets with protein is 
a novel way to minimise stickiness in 
sprays dried powder. The elementary 
operational conditions of spray drying 
namely temperature of drying air and 
feed flow rate of feed are crucial in 
explaining the quality characteristics 
of product. The most conventional 
carrier agents used in spray drying is 
maltodextrin mainly due to its high 
solubility and low viscosity (Mahdavi et 
al., 2016). This carrier agent has a high 
molecular weight and is also useful for 
increasing the product’s glass transition 
temperature, aiming at avoiding spray 
drying operational problems such as 
sticking to the chamber wall, as well as 
structural transformations during food 
processing and storage (Tonon et al., 
2008).

Fruit juice powders have various 
benefits and economic potentials over 
their liquid counterparts such as 
reduced weight, reduced packaging, 
easier handling and transportation, and 
extended shelf life. Their physical state 
provides a stable and natural ingredient 
which generally finds usage in many 
foods products such as flavouring 
and colouring agents (Shrestha et al., 
2007). Freeze drying is the best way to 
dry sensitive plant pigments. However, 
spray drying, if feasible, would be a more 
applied and cost-effective method of 
producing powdered sensitive colorants 
as the processing cost is 30-50 times 
less than for freeze drying (Cai & Corke, 
2000). 

Research studies have shown that 
anthocyanins are unstable and are easily 
oxidized under various conditions such 
as pH, temperature, enzymes resulting in 
colour change and degradation (Santos 
& Williamson, 2003). Extracted plant 
pigment (anthocyanin) is good for health 
since they have numerous beneficial 

effects associated with their anti-
mutagenic and antioxidant properties 
(Edenharder et al., 2002). Many studies 
showed that red colour juices such as 
those of pomegranates, grapes, and 
different berries have beneficial effects 
on human health due to their high 
anthocyanin content and antioxidant 
activity (Lin & Tang, 2007).

There is a swelling interest to 
minimise the use of synthetic colours 
used in the food industries on a large 
scale and to replace it with natural 
pigments obtained from fruits and 
vegetables (Cai et al., 2000). 

Red spinach is one of the common 
leafy vegetables cultivated around 
the world and it comes under the 
Amaranthaceae family. It grows well in 
warm climates and well aerated sandy 
soil. It has red leaves and bright red 
stem. Red spinach is rich in vitamin A, 
C, iron, calcium, phosphorous, sodium, 
potassium and other essential amino 
acids. It helps in digestion and is a rich 
source of fibre. The role of anthocyanin 
as a food-colouring agent is established 
in the food industry. However, stability 
is an important aspect to consider for 
the use of these pigments as a colourant 
in food products. Based on the above 
reasons, this study is undertaken to 
investigate the feasibility of spray drying 
of Red Amaranthus extract and to 
evaluate the physical properties of the 
powder produced, including the content 
of anthocyanin, moisture, water activity, 
colour and density analysis.

MATERIALS AND METHODS

Processing of sample
Fresh bunches of Red Amaranthus (red 
spinach) were collected from the local 
market in Chennai. The samples were 
cleaned thoroughly to remove excess 
soil and debris. The non-edible part was 
separated and the leaves were used for 
further experimental analysis. 
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Preparation of extract 
Potable water was used as a solvent to 
carry out different extraction methods 
to obtain maximum extract from the 
sample. The extraction was done using 
mortar and pestle (Sivasankar et al., 
2011), magnetic stirrer (Tomsone et al., 
2012) and soaking the samples in water 
refrigerated at 4°C (Dayang Norulfairuz 
et al., 2014). 10 g of fresh leaves were 
treated with varying volumes of potable 
water in the ratio of 1:1, 1:2, 1:3 and a 
contact time of 5, 10, 15 minutes. The 
mixture was macerated using a mortar 
and pestle and was centrifuged at 
10,000 rpm for 10 min. For extraction 
using magnetic stirrer, 10 g of fresh 
leaves were added to varying volumes 
of potable water in the ratio of 1:1, 1:2, 
1:3 and extraction was done at 700 
rpm for 30, 60 and 90 minutes at room 
temperature. 

Preparation of feed suspension for 
spray drying
The extract was prepared by soaking 
the washed and finely chopped red 
spinach leaves in water for 72 h at 
4°C. The extract was collected using a 
muslin cloth and filtered before mixing 
with maltodextrin. For each run, three 
different ratios (1:1, 1:2 and 1:3) of the 
extract and wall material (maltodextrin) 
were used. The extract was fed into the 
spray drier with an inlet temperature of 
110°C and outlet temperature varying 
between 65-75°C.

Experimental design
The extract was prepared by soaking the 
washed and finely chopped red spinach 
(Red Amaranthus) leaves in water for 72 
h at 4°C of with potable water (solvent) 
and stored at refrigerated condition at 
4°C for 72 h. The extract obtained from 
Red Amaranthus was mixed with the 
solution of maltodextrin in three different 
ratios: 1:1, 1:2 and 1:3 was carried out. 
The extract was fed into the spray drier 

with an inlet temperature maintained at 
110°C and outlet temperature varying 
between 65°C-75°C. The physical 
properties of the obtained powder were 
determined and all the analysis were 
done in triplicates and reported as 
mean±standard deviation.

Analysis of the spray-dried powder
The spray-dried powders were analysed 
for their total anthocyanin content (TAC), 
moisture content, water activity, colour 
and density parameters. 

Total Anthocyanin Content (TAC)
TAC was quantified in accordance to 
the method described by Sutharut et 
al., (2012). 1 ml extracted solution 
was transferred into 10 ml volumetric 
flask for preparing two dilutions of 
the sample, one volume adjusted with 
potassium chloride buffer pH 1.0 and 
the other with sodium acetate buffer pH 
4.5. These dilutions were equilibrated for 
15 min. The absorbance of each dilution 
was measured at 510 nm and 700 nm 
against a blank cell filled with distilled 
water.

Moisture content 
The moisture content was determined 
based on Association of Analytical 
Communities (AOAC) method. Triplicate 
samples of red spinach powder (1 g each) 
were weighed and then dried in a hot air 
oven at 105°C. The drying was continued 
until a constant weight was obtained and 
moisture loss was expressed in terms of 
percent dry basis (d.b).

Water activity 
Water activity was measured using the 
water activity meter. The average of 
the triplicate values was recorded (Lab 
Touch, Novasina).

Colour determination 
The colorimeter is used to obtain the 
values of the spray dried Red Amaranthus 
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powder. The results were obtained as 
L*, a*, b* values which determine the 
different colour range and brightness, 
darkness of the sample. The L* value 
determines the brightness (white at 
100) to darkness (black at 0), while a* 
measures green when negative and red 
when positive. Similarly, b* measures 
yellow when positive and blue when 
negative. Calibration was done using the 
white tile prior to the sample analysis. 
Colour analysis was performed using 
Hunter Colorimeter (ColorQuest XE) in 
triplicates.

Density analysis 
The parameters were determined as per 
Chang et al. (2012). Bulk density: 2 g 
of sample was added to a pre-weighed 
volumetric cylinder and the volume was 
read as V1. Tapped density: 2 g of sample 
was placed into a measuring cylinder 
and tapped until a consistent volume 
(V2) is reached which corresponds to 
the maximum packing density of the 
material. By measuring bulk and tapped 
volume, the following parameters were 
determined. 

Statistical analysis 
Data were expressed as mean±standard 
deviation of three replications and 
statistical analysis (ANOVA) was done 
using Minitab 17. The values were 
considered to be significant with p<0.05.

RESULTS AND DISCUSSION

Total Anthocyanin Content
Anthocyanins are very sensitive com-
pounds and unstable during processing 
and storage. The internal properties 
such as pH, chemical structure, 
and anthocyanin concentration of 
the product, available enzymes and 
processing conditions also play a 
role in their stability. The initial total 
anthocyanin content of fresh leaves 
is 169.22 mg/100 g fresh weight and 

whereas the total anthocyanin content 
in the final product ranged from 
43.11-98.03 mg/100 g sample weight. 
From Figure 1 it was observed that 
raising maltodextrin levels reduced 
anthocyanin rate of the product (extract: 
maltodextrin). Khazaeia et al. (2014) 
reported this decrease too, stating that 
in these cases, the juice was not really 
encapsulated and the carrier agent acted 
merely as an aid for facilitating the drying 
process, which is probably a reason for 
the lower anthocyanin content when this 
agent was used. The same phenomenon 
was reported by Tonon et al. (2008) who 
used different carrier agents including 
maltodextrin for spray drying of acai 
juice.

Moisture content 
Moisture in powder plays a significant role 
in determining its flowability, stickiness 
and storage stability due to its effect 
on glass transition and crystallisation 
behaviour. The moisture content of 
spray dried red spinach extract was 
done with triplicate samples and ranged 
from 0.11% to 0.44% (on dry basis). 
The results (Figure 2) show that as the 
amount of maltodextrin increases, there 
is a decrease in the moisture content. In 
a spray drying system, the water content 
of the feed influences the final moisture 
content of the powder produced. The 
results show similarity to the study 
conducted by Quek et al., (2007), where 
addition of maltodextrin to the feed prior 
to spray drying increased the total solid 
content and also increases the amount of 
water for evaporation. Hence, decreased 
the moisture contents of the powder 
produced. Powders with lower moisture 
content could be obtained by increasing 
the amount of maltodextrin in the feed.

Water activity 
Water activity (aw) is an important 
parameter for spray-dried powder 
because it can significantly affect the 
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Data represent the mean±standard deviation of triplicate readings.

Figure 1. Total anthocyanin content of the spray dried powder with varying volume of 
maltodextrin (extract: maltodextrin) 

Data represent the mean±standard deviation of triplicate readings.

Figure 2. Moisture content of spray dried Red amaranthus extract with maltodextrin
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shelf life of the powder produced. Water 
activity is different from moisture 
content as it measures the availability 
of free water in a food system that is 
accountable for biochemical reactions, 
whereas the moisture content represents 
the water composition in a food system. 
High water activity indicates more free 
water available for biochemical reactions 
and results in a shorter shelf life. 
Generally, food with aw<0.6 is considered 
as microbiologically stable and if there is 
any spoilage it is attributed to chemical 
reactions rather than by micro-organism. 

From Table 1, the water activities of 
the obtained powders were in the range of 
0.5–0.6. This shows that the spray-dried 
powders produced were relatively stable 
microbiologically. However, the storage 
conditions also played an important 
role in this matter. As the spray-dried 
powder contains maltodextrin, they are 
highly hygroscopic and should be stored 
properly in air-tight containers and kept 
in a cool dry place. 

Colour intensity
The results of the colour measurement 
for the spray dried powder are shown 
in Table 2. The L* value measures 

the lightness of the sample and +a* 
measures the red colour. The a* value 
ranged from 14-26 and the maximum 
value was observed in 1:1 spray 
dried sample as increased quantities 
of maltodextrin reduced the colour 
intensity of a* that correlates with the 
total anthocyanin present in the final 
product. The positive correlation with 
the a* value and anthocyanin pigment in 
the present study is in correlation with 
the experiments carried out using beet 
juice by Bazaria et al. (2016).

Density analysis 
Bulk density is a measure of the 
heaviness of powder and an important 
parameter that determines the suitability 
of powder for the ease of packaging and 
transportation. The bulk density of the 
spray dried powder of different ratios 
was found to be in the range of 0.3-0.5 
g/cm3. Higher maltodextrin reduced 
density of the final product, probably due 
to a decrease in its moisture content or 

the higher air trapped in the particles as 
maltodextrin is a skin forming material 
(Fazaeli et al., 2012). This indicates 
that maltodextrin as a coating agent 

Table 1. Water activity of spray dried powder obtained from different ratios of extract and 
maltodextrin

Extract : maltodextrin Water activity, aw Temperature

1:1 0.629±0.01 31.3°C

1:2 0.605±0.01 31.4°C

1:3 0.586±0.01 32.1°C

Data represent the mean±standard deviation of triplicate readings.

Table 2. Colour analysis of the spray dried samples

Extract : maltodextrin L* a*

1:1 53.75 26.24

1:2 72.65 22.38

1:3 81.17 14.88

Triplicate samples were analysed and the mean was recorded.
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could reduce the hygroscopicity of the 
anthocyanin. Comparable results were 
observed by Goula and Adamopoulos 
(2005) and Abadio et al. (2004) when 
tomato and pineapple pulp were dried 
using maltodextrin as the carrier in a 
spray dryer. 

The flowability of the dried powder 
is determined by the Hausner ratio 
and Carr index. Carr index shows 
the flowability index of the dried food 
product as given in the Table 3, 5-15% 
corresponds to excellent flowability 
index and poor flowability, if the value 
is less than 25%. From the result, it can 
be concluded that the powder has poor 
flowability property. 

CONCLUSION 

Different ratios of extract and 
maltodextrin were used to study the 
quality parameters of Red Amaranthus 
powder. The models for powder 
physical and functional properties were 
statistically significant (p<0.05) where 
total anthocyanin content and a* values 
were considered as important parameters 
for incorporation into functional foods 
as a red colorant replacing the use of 
synthetic food colour used commercially. 
From this study, it can be concluded 
that the optimised combination includes 
equal parts of the wall material, in this 
case, maltodextrin and extract. The 1:1 
ratio retains maximum anthocyanin 
93.03 mg/100 g fresh weight, a* value 
of 26.24 and density of 0.55 g/cm3. 

Increased quantities of maltodextrin 
reduced the total anthocyanin and the 
moisture content present in the final 
product. The results of density analysis 
show that all ratios of the spray dried 
powder can be considered as a medium 
flowing powder in accordance to the 
Hausner ratio. This study demonstrated 
the feasibility of production of spray-
dried Red Amaranthus extracts as a food 
grade colorant.
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