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The objective of the present work is to study   the   stability of natural colorant
from Jamun (Syzygium cumini). The crushed fruit and water was taken with the ratio of
1:10 in 250 ml Erlenmeyer flasks and incubated at 34p C, 150 rpm for 48 hours in orbital
shaker. The aqueous extract is filtered using what man filter paper no.1 and the stability
of anthocyanin was examined at varying pH (3 to 7) and temperature (50 to 100p C). In
addition to this, thermal stability (80 to100 p C for 150 min.) was also studied.  Aqueous
extract was carried out for encapsulation process using maltodextrin and gum Arabic as
carrier material with 1:1, 1:2 and 1:4 cores to wall ratio by spray drying technique. The
encapsulated powder quality was done for their total  anthocyanin content, encapsulation
efficiency, colour, water activity, bulk density, solubility, absorption  and  moisture
content was analyzed  for three weeks duration. This result showed that encapsulated
Jamun (Syzygium cumini ) powder can be used as a natural colorant in food applications.
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One of the most important external
qualities of foods being determine by their colour
and appearances. Currently colour pigments of
various kinds and forms have been used as
additives or supplements in food industries,
cosmetics, pharmaceuticals, and livestock feed and
other applications1. Pigments being added by food
industry to manufactured products in order to
intensify their character. Colour is an important
factor for appeal, a major criterion of identification,
indicator of quality and freshness that is
determined by the consumers. Colour adds  in
accounts to the acceptability, image, market size
and value. Earlier synthetic pigments were used

indiscriminately to manipulate colour in food.
However, synthetic pigments are hardly nutrient,
and have been blamed for toxic effects to different
extents and some are found to be highly
carcinogenic2

Usage of synthetic food colours is being
restricted by legal regulations of both international
and national authorities3. Hence; there is a growing
demand for eco-friendly or non-toxic colorants,
specifically for health sensitive applications such
as coloration of foods and dyeing of child textile
and leather garments. Consumer awareness of
natural food colorant products and a growing
concern of organic food led to the introduction of
natural colours to food.

Jamun / Jambolan (Syzygium cumini) fruit,
a tropical fruit found in India, is rich in anthocyanin
pigments especially in its peel. The plant belongs
to Myrtaceae family and grows naturally in clayey
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loamy soil in tropical as well as sub-tropical zones
of Indo-gangetic plains. The fruit concentrate being
used as antimicrobial agent and many medical
purposes, currently treated for chronic diarrhea
and other enteric disorders4. These beneficial
effects are mostly due to the presence of
antioxidant properties of pigments. The content of
total monomeric anthocyanin in the peel of ripe
fruit was 731 mg/100 g of fresh weight5. Its
anthocyanin content was found to be higher than
grapes, 6–600 mg/100 g of fresh weight

Anthocyanins are the more important
plant pigments that belong to the widespread class
of phenolic compounds collectively named
flavonoids.  They are characterized by a wide
spectrum of color tones from orange through red,
to purple and blue, depending on the molecular
structure and pH value6. However, the introduction
of anthocyanin  into food and medical  fields has
proven to be a major technological challenge since
these compounds have low stability to the
environmental conditions experienced during
processing, storage and also consumption.,
affected by physical and chemical factors as
temperature, pH, light, solvent and the structure
of the pigment itself.

Microencapsulation can be a possible
alternative for the replacement of the artificial
colorants to stabilise  anthocyanin  in the food
and pharmaceutical industry, acting as a protector
that coat against adverse conditions, such as light,
humidity, oxygen, avoid interactions with other
compounds.

This work is our sincere approach of
using Jamun  (Syzygium cumini ) as a natural  food
colourant and its microencapsulation into stable
powder at different ratios using spray and freeze
drying techniques. The  purpose of studying the
shelf life of the colour in encapsulated powder along
with the value addition in different food profile.

MATERIALS AND METHODS

Raw materials and chemicals
Freshly harvested jamun fruits (Syzygium

cumini) with similar maturity and weight were used
as raw materials and they were procured from the
local vendors in Chennai and were stored at 4 °C
prior to the experiments. Potassium chloride (AR

grade) and sodium acetate (AR grade) were
supplied by Merck chemicals, Chennai.

Carrier agents: Gum Arabia and
Maltodextrin (food grade) was obtained from LAB
chemicals, Chennai.
Aqueous extraction of pigments

Fruits were washed thoroughly in
running tap water to get rid of the impurities adhered
over its surface. Pulp of the fruits were peeled
manually and 25 g of  peels were weighed, crushed
and macerated and added to 250ml. Pigment
extraction was performed after 48 hr , kept under
34°C at 150 rpm in orbital shaker. The extract was
then filtered in What man filter paper No1.

Approximately 15 batches of extractions
were performed to produce the volume of
concentrated extract required for the experiment.
After the concentrated extracts were produced, the
extracts were stored in amber bottles under
refrigeration
Determination of total anthocyanin

A small liquate of the filtered extract was
taken to yield an optical density within the optimum
range of the instrument.  Extract was stored in the
dark for 2 h and absorbance was measured at 520
nm. The total anthocyanin content was calculated
using the equation reported by7 as follows:
Total anthocyanin content (Mg/100g)

= ×100

Whereas
OD = optical density
DV=diluted volume for the OD measurement
TEV = total extract volume
SV = sample volume
SW = sample weigh in grams
51.56 = E. value for which the major constituent
(Cyanidin).
Since here we have done aqueous extraction
dilution factor
Properties of anthocyanin pigment for jamun
extract
Effect of pH on the efficiency of anthocyanin colour

A preliminary study was conducted to
test the stability of anthocyanin for jamun extract
at different pH ranged from 1.0 to 10.0 for 30 min,
and then the percentage of colour loss was
calculated.
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Effect of temperature on the efficiency of
anthocyanin colour

A preliminary study was conducted to
determine the heat tolerance of anthocyanin for
jamun extract at different temperature ranged
between 40 and100C for 30 min, and then percentage
of colour loss was calculated.
Thermal stability of anthocyanin for jamun extract

Holding red colorant solution
(anthocyanin pigment for jamun extract) was
extended at 80–100 C for 180 min and samples were
taken each 30 min. and then cooled immediately in
an ice bath followed by measuring the absorption
spectra of the solution at 520 nm.
Microencapsulation of natural colouring
Encapsulation by freeze drier

Arabic gum and maltodextrin, in the ration
of 1:1, 1:2 and 1:4 (w/w) combinations, were
hydrated in 200 mL of water, at 60 °C, under stirring.
Then extract was added to the solution of
encapsulating agents, in the ratio of 1:4
(colouring:encapsulant) (w/w), and homogenized
in a mechanical stirrer at 1200 rpm for 30 minutes
until  the temperature reached 30 °C. The mixture is
stored in freezer and subjected to drying in freeze
drier.
Encapsulation by spray drier

Arabic gum and maltodextrin, in the ration
of 1:1 (w/w), were hydrated in water. Then extract
was added to the solution of encapsulating agents,
in the ratio of 1:1,1:2 and 1:4 ratios
(colouring:encapsulant) (w/w), and homogenized
in a mechanical stirrer at 1200 rpm for 30 minutes
until  the temperature reached 30 °C.Powder was
produced using a mini spray dryer (BUCHI, B-191,
Laboratory-Techniques.)The spray dryer operates
concurrently and has a spray nozzle, two-fluid
atomizer with 0.7 mm diameter orifice. The inlet air
temperature was 110 °C for all the solutions
investigated. The outlet air temperature varied from
75 °C to 60 °C depending upon the sample.Jamun
extract with encapsulation agent was fed into the
drying chamber using a peristaltic pump. The liquid
feed rate to the dryer was 20 - 15% , the flow rate of
the atomizing air was 600 mL min”1 and the
aspirator rate was 60% of 100%.The testing was
performed at constant process conditions. The
product obtained was vacuum sealed in glass
bottles. The glass bottles were then stored in a
desiccators containing silica gel before quality

evaluation.
The physical properties of the powder

measured were bulk density, solubility, tapping
density, water activity and moisture content
Physico- chemical analysis
Bulk density

To determine the bulk density of 2 g of
powder, it was weighed in a 10 mL graduated
cylinder then gently dropped 10 times on a rubber
mat from a height of 5 cm. The bulk density was
calculated by dividing the mass of the powder by
the volume that occupied the cylinder8

Bulk density= 

Tap density
To determine the tapping  bulk density of

2 g of powder, it was weighed in a 10 mL graduated
cylinder then gently dropped 10 times tapping the
cylinder on a rubber mat. The tapping  bulk density
was calculated by dividing the mass of the powder
by the volume that occupied the cylinder8

Tap density =  

Moisture content
Powder taken in a petridish and weighed

which is subjected to heating in a hot air oven at
60p C.

Then the weight is measured at every half
an hour duration .Moisture content is calculated
at checking the initial weight and keeping the
powder for half an hour duration their weight is
taken to get the final weight at 4 time of weight the
sample.

Moisture content=

Water activity
Water activity of the sample being

checked with the water activity meter for 15mins
interval for each samples where taken and tabulated.
The change in water activity was recorded with
each week duration.
Water solubility test

Solubility was determined according to
the Eastman and Moore method, Eastman and
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Moore (1984), with some modifications. First, 25
ml of distilled H2O was transferred into a blender
jar. The powder sample (0.5 g, dry basis) was
carefully added to the blender which operates at
15,000 rpm for 5 min. The solution was placed in a
tube and centrifuged at 10,000 for 15 min. An aliquot
of 25 ml of the supernatant was then transferred to
pre-weighed petri dishes and immediately oven-
dried at 105 °C for 5 h. The solubility (%) was
calculated as the weight difference9.
Colour analysis

The colour of the fresh juice and
reconstituted samples was analyzed using a
spectrophotometer (with a program for colour
measuring in hunter colorimeter) and the difference
in their colour parameters was calculated and the
Hunter values (L, a, b) the optical parameters were
compared. Two grams of powder was dissolved in
approximately 20 mL of distilled water and
centrifuged at 4000 rpm for 15 min and the colour
of the supernatant was measured. Five
measurements were recorded for each sample and
their mean values calculated. The colour values
represented whiteness or brightness/darkness (L),
redness/greenness (a) and yellowness/blueness
(b). Another informative colour attribute in the
production of pomegranate juice is the total colour
difference (TCD) which is a combination of
parameters L, a and b (10 &11),TCD is a colorimetric
parameter commonly used to characterize the
variation of colour in foods during processing and
is calculated.
Water absorption test

Water absorption was determined
according to the Eastman and Moore method,
Eastman and Moore (1984), with some
modifications. First, 25 ml of distilled water was
transferred into a blender jar. The powder sample
(0.5 g, dry basis) was carefully added to the blender
which operates at 10,000 rpm for10- 15 min. The
solution was placed in a tube and centrifuged at
10,000 for 15 min. An aliquot of 25 ml of the
supernatant was then discarded and weigh the
pallet weight with the centrifuge tube. Absorption
was calculated as the weight difference9

Shelf life studies
On every trail taken after encapsulation

were stored in amber bottles in cool dark place.
The day from production zeroth week reading is
recorded till the day it would show degraded  level

of anthocyanin.Daily trials were recorded for every
week to show their encapsulation efficiency and
anthocyanin level. Seven weekly trials were
conducted on the part of shelf life assessment.

RESULTS

Total anthrocyanin content
The filtered extract was taken to yield an

optical density within the optimum range of the
instrument.  Extract was stored in the dark for 2 h
and absorbance was measured at 520 nm. The total
anthocyanin content was calculated using the
formula to get around 107mg/100g present in the
extract. Eliminating the dilution factor since it is
done from  aqueous extraction, there is lighter
colour obtained.
Properties
Effect of pH on the efficiency of anthocyanin colour

The study was conducted to test the
stability of anthocyanin for jamun extract at
different pH was calculated and concluded that
there is a higher change in colour from 2to 10 in
every adjustment done to the extract. In the study
of pH estimated that there is a wide colour change
studied in here. Aliquots of the extracts were diluted
with pH 1.0 and 4.5 buffers using potassium
chloride (0.025 M) and sodium acetate (0.4 M)
respectively, and then placed in the dark conditions
for 1 h. The absorbance of each solution was
recorded using a  spectrophotometer calibrated
with distilled water as the blank at the wavelength
of 530 and 700 nm
Effect of temperature or heat treatment

Studies conducted to determine the heat
tolerance of anthocyanin for jamun extract at
different temperature ranged between 50 and100ºC
for 30 min, and then percentage of colour loss was
calculated.
Thermal stability of anthocyanin for jamun extract

Holding red colorant solution
(anthocyanin pigment for jamun extract) was
extended at 80–100 C for 180 min and samples were
taken each 30 min. and then cooled immediately in
an ice bath followed by measuring the absorption
spectra of the solution at 520 nm.
Microencapsultion

Microencapsulated powder was collected
and stored in amber bottles since it is more sensitive
to light. Their storage period is taken for each week
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Table 1. Percentage degradation at
different  pH

Serial no pH Anthocyanin
Degraded%

12345 23456 35121934
6789 78910 43393539

Table 2. Percentage degradation at different
temperature shows the pigment degradation in heat

stability treatment

Serial no Temperature % anthrocyanin at 30 min
(°C) heating duration

1 50 100
2 60 100
3 70 100
4 80 4
5 90 6
6 100 9

Table 3. Table for bulk density taken on different ratios of
encapsulated powder for their changes in weekly observations

ratios Initial Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7

1:4 0.27±0.017 0.25±0.008 0.27±0.006 0.25±0.0107 0.30±0.010 0.31±0.012 0.30±0.012 0.40±0.008
1:2 0.26±0.015 0.24±0.006 0.22±0.006 0.20±0.005 0.20±0.014 0.31±0.010 0.33±0.011 0.30±0.012
1:1 0.30±0.009 0.29±0.007 0.24±0.006 0.22±0.004 0.20±0.016 0.22±0.014 0.30±0.011 0.32±0.014

Table 4. Table  for  tap density taken from initial stage of
different powder ratios to check their changes on weekly basis

ratios Initial Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7

1:4 0.30±0.012 0.4±0.0117 0.41±0.011 0.45±0.008 0.47±0.008 0.4±0.0047 0.49±0.004 0.5±0.0042
1:2 0.3±0.0124 0.3±0.010 0.31±0.010 0.32±0.008 0.3±0.0081 0.3±0.0084 0.3±0.0083 0.37±0.008
1:1 0.3±0.0121 032±0.0107 0.3±0.010 0.3±0.009 0.3±0.0081 0.3±0.0062 0.4±0.0047 0.4±0.004

Table 5. Table  for  water activity changes  from initial stage of
different powder ratios to check their differences on weekly basis.

ratios Initial Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7

1:4 0.447 0.421 0.401 0.397 0.407 0.415 0.426 0.433
1:2 0.393 0.351 0.312 0.304 0.328 0.347 0.368 0.389
1:1 0.436 0.438 0.432 0.427 0.432 0.439 0.441 0.447

duration to know the stability of the powder.
Physico-chemical properties of the powder
Effect of storage on bulk density

Bulk density is the mass of the solid
particles plus moisture divided by the total volume
occupied by the particles, surface moisture and all
pores, closed or open, in the surrounding
atmosphere and is generally used to characterize
the final product obtained by milling or
drying12.The effect of the different carriers used to
produce the powder on bulk density is shown in
Figs. 2 and As shown, there was no clear
relationship between the concentration (8–12%)
of the main carrier (maltodextrin: MD, gum Arabic)
and bulk density. The bulk density of some samples

powder decreased when carrier concentration
increased. The powders produced with
maltodextrin and waxy starch presented non-
spherical and smooth particles and more complex
link bridges as a result of the higher hygroscopicity.
When measured for bulk density, a less-packed
structure formed in the measurement tube, with
lower bulk density because of the fine structure of
the powder particles containing Arabic gum. This
can be explained by the molecular differentiation
of Arabic gum with maltodextrin and waxy starch.
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Table 6. Table for moisture content from  initial stage of different
powder ratios to check their differences on weekly basis

ratios Initial Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7

1:4 0.15±0.009 0.14±0.006 0.16±0.004 0.19±0.0044 0.19±0.009 0.20±0.009 0.20±0.009 0.24±0.012
1:2 0.11±0.012 0.12±0.005 0.13±0.004 0.13±0.004 0.13±0.008 0.15±0.004 0.18±0.004 0.18±0.012
1:1 0.09±0.006 0.13±0.004 0.15±0.004 0.17±0.003 0.17±0.014 0.14±0.014 0.14±0.024 0.12±0.008

Table 7. Table for  water solubility  from initial stage
of different powder ratios to check their differences on weekly basis

ratios Initial Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7

  1:4 4±0.0923 4.2±0.1699 3.3±0.0861 3.1±0.1298 3.1±0.1298 2.6±0.0471 2.1±0.0942 1.7±0.0816
1:2 6.2±0.081 6±0.0816 6±0.0816 5.3±0.0707 4.5±0.1632 4.1±0.0816 3.7±0.1247 3.2±0.0471
1:1 9.1±0.0878 9±0.04714 9±0.04714 6.7±0.0816 4.1±0.0816 5.0±0.0816 4.6±0.1632 4.2±0.0816

Table 8. Table for  water absorption  capacity  from initial stage
of different powder ratios to check their differences on weekly basis

ratios Initial Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7

1:4 0.86±0.008 0.81±0.016 0.74±0.012 0.71±0.012 0.67±0.012 0.63±0.008 0.57±0.004 0.53±0.004
1:2 0.78±0.004 0.7±0.012 0.69±0.004 0.6±0.004 0.58±0.004 0.54±0.004 0.51±0.004 0.46±0.012
1:1 0.66±0.004 0.6±0.004 0.59±0.003 0.5±0.0024 0.47±0.012 0.40±0.016 0.36±0.016 0.32±0.012

Arabic gum has higher Tg point due to its larger
molecule comparing two other carriers therefore
powders produced by Arabic gum did not show
amorphous behaviour during spray drying
Effect of storage on tapping bulk density (g/cm3)

Tapping bulk density is the mass of the
solid particles plus moisture divided by the total
volume occupied by the particles, surface moisture
and all pores, closed or open, in the surrounding
atmosphere and is generally used to characterize
the final product obtained by milling or
drying12.The effect of the different carriers used to
produce the powder on bulk density is shown in
Figs. 2 and 3. As shown, there was no clear
relationship between the concentration of the main
carrier (maltodextrin: MD, gum Arabic) and bulk
density. The density of some samples powder
decreased when carrier concentration increased
Storage stability study

The weekly trail result for all physico-
chemical properties value were observed for  7
weeks duration.  All the three trail samples
subjected to spray drying technique were
observed for its colour  stability.

CONCLUSION

In summary, microencapsulated powder
produced from spray drier was stable in their
anthocyanin content when compared to the normal
extract. At each week duration there is a stability
study done  on bulk density , tapping density ,
solubility , absorption , moisture content was
determined in spray dried powder. There was not
much decrease in anthrocyanin content and colour
difference in seven weeks observation.Stability of
anthocyanin is observed more at less heating
period as in reference to heating treatment done to
the jamun extract. It shows more stability at 70p C
of heating temperature, this shows over heating of
the powder inany food applications should be
limited.The results obtained by colorimeter
showed that light has a negative effect on coloring
stability, even in encapsulated form, where it was
observed that the degradation of anthocyanin in
the dark was five times as stable than when
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exposed to light.
The microencapsulation technique of

spray drying proved to be an alternative for the
adaptation of  natural coloring in the preparation
of many food products, as it yields a more easily
manipulated powder, with a wider range of
applications  than the color  in extract form.
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