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Abstract
Clitoria ternatea flowers are known as butterfly pea flowers which contain many
bioactive compounds and can be found in tropical countries. However, the bioactive
compounds are easily lost when exposed to various environmental conditions.
Encapsulation technologies are introduced to provide maximum protection to the
encapsulated bioactive compounds. The main objectives of this study were to determine
the physicochemical properties of C. ternatea flowers encapsulated in gelatine prepared
using different encapsulating methods and the microbiological properties of the best
encapsulating methods for C. ternatea flowers with gelatine. In this study, the moisture
contents for ultrasonic spray dried powders recorded the lowest (5.94±0.44%) while
samples of convection oven recorded the highest (14.33±1.30%). However, the ultrasonic
spray dried powders demonstrated the highest total flavonoid contents, but convection
oven dried powders showed the lowest. The results for total anthocyanin contents were
similar to total flavonoid contents. The highest encapsulation efficiency based on
anthocyanin contents was found in freeze dried powders (95.75±0.24%). These results
showed the same antioxidant activity (DPPH assay) with the highest percentage inhibition
of freeze dried powders and the lowest percentage inhibition of ultrasonic spray dried
powders. The phytochemical functional group that revealed from Fourier Transform
Infrared spectroscopic (FTIR) analysis also indicate the presence of high amount of
phenolic compounds in freeze dried powders although with ‘collapse building’ shape with
fibrillary structure. The freeze dried powder showed the highest L* value (45.62±0.54),
yet ultrasonic spray dried powders highest a*, b* and C* value. Thus, the analysis for
microbial properties was carried out on freeze dried powders as freeze dryer was chosen
as the best encapsulating methods. The freeze dried powders showed inhibition against
gram positive and gram negative bacteria such as Bacillus cereus, Staphylococcus aureus,
Escherichia coli and Salmonella enterica and fungi such as Aspergillus niger and Candida
albicans. The current study demonstrated the potential of using gelatine to encapsulate
technique to retain antioxidant compounds in gelatine encapsulated C. ternatea flowers.
This finding provides useful information on the use of different encapsulated methods for
the development of functional food products for gelatine encapsulated flowers of C.
ternatea.

1. Introduction
Clitoria ternatea is known as butterfly pea or blue
pea plant is a slender climbing legume with its soft hairs
on its stem and long and deeper roots with ornamental
flowers and these plants are distributed in tropical
countries (Sivarajan and Balachandran, 1994; Collins
and Grundy, 2005). C. ternatea flowers contain phenolic
*Corresponding author.
Email: mkhairi@umt.edu.my

compounds, flavonoids, anthocyanins, saponins,
alkaloids, and anthocyanidins (Kaisoon et al., 2011; Nair
et al., 2015). The bioactive compounds of these flowers
are however very sensitive to various changes in the
environment (Pa’ee et al., 2018). In order to retain
bioactive compounds, encapsulation technologies are
introduced to provide maximum protection for
encapsulated bioactive compounds (Talegaonkar et al.,
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2016).
Encapsulation technology has been used in the food
industry as a means of securing liquid and solid
ingredients as an effective barrier to environmental until
the release is intended. Encapsulation is the method of
trapping one substance (active agents) into another
substance (wall materials) (Fang and Bhandari, 2010).
Most of the substances are accepted to encapsulate
solids, liquids or gases or different types and properties
but these substances should certify for food application
as generally recognized as safe (GRAS) materials.
Gelatine is natural bitterless and odorless hydrocolloid,
which has received excellent attention in the food and
pharmaceutical industries (Wang, 2015), because of its
strong emulsifying and drying properties, such as film
forming properties, relatively high glass transition
temperature (Tg), it is therefore ideal for use as both
surface active agent and wall material (Karim and Bhat,
2008).
Many encapsulation methods are being used in the
food industry. The benefits of using encapsulation
methods are to preserve the initial nutritional value of
food products, prevent oxidation and chemical
modification of powder (Chen et al., 2013). Ultrasonic
spray dryer differs from conventional spray dryer as the
atomisation of liquid can be done through vibration using
ultrasonic nozzle technology. Ultrasonic spray dryer also
uses low energy to produce smaller, more uniform and
more spherical droplets (Rajan and Pradit, 2001).
Vacuum oven drying dries wet samples below 50oC
under reduced pressure in order to maintain its flavour,
colour and texture with less oxidation (Zielinska et al.,
2013). Vacuum oven drying is faster and cheaper in
encapsulating bioactive compounds with some
drawbacks such as longer drying time duration and low
energy consumption (Soysal and Oztekin, 2001; Arslan
and Ózcan, 2010). Freeze drying is commonly used to
dry heat sensitive food products and bioactive
components in producing high quality dried food
products with low temperature and under vacuum (Chen
et al., 2013). Besides that, freeze drying is generally used
to encapsulate delicate biomaterials in amorphous
carbohydrate microstructure matrices. Find a way to
reduce or slow down the loss of antioxidant and
antimicrobial properties in plants such as C. ternatea
flower powders are very essential. The purpose of this
study was to investigate the physicochemical and
microbiological properties of C. ternatea flowers
embedded in gelatine, prepared using the best
encapsulation methods.

2. Material and methods
2.1 Sample preparation

The flowers of C. ternatea were collected from
Kuala Nerus, Terengganu, Malaysia. The flowers of C.
ternatea were ground using mortar and pestle. The
grounded flowers were then soaked with gelatine at a
concentration of 5% relative to solid content in 100 mL
of distilled water filtered through 3 layers of muslin cloth
prior to drying.
2.2 Drying by ultrasonic spray dryer, convection oven
and freeze dryer
The mixture of lyophilized sample and gelatine was
then filtered through layers of muslin cloth to obtain fine
particles prior to treatments using three different
techniques namely ultrasonic spray drying, convection
oven drying and freeze drying. In the first treatment, C.
ternatea flowers were dried using ultrasonic spray dryer
(YKNTECH, Kulim, Malaysia) that suited with a nozzle
atomizer by keeping the outlet temperature at 100oC and
feed flow rate at 3 mL/min (Zainol et al., 2017). In the
second treatment, C. ternatea flowers were dried in
convection oven by setting the temperature at 80oC at
low air pressure for 2 hrs and in the third treatment, C.
ternatea flowers were freeze dried at 0.8 bar for 1 week
after freezing at -80oC for 24 hrs (Hamzah et al., 2013).
Then, the resulted encapsulated powder was collected
and stored in amber bottle at 4oC prior to further
analysis.
2.3 Encapsulated powder morphology structure
The morphology structure for gelatine encapsulated
C. ternatea flowers powder were carried out using
scanning electron microscope (JEOL JSM-6360 LA,
Tokyo, Japan) based on the method of Hau et al. (2018)
with some modifications. Ten milligrams sample was
mounted on SEM stubs by adhesive double-sided tape
and subsequently coated with gold using Auto Fine
Coater (JEOL JFC-1600) at 30 mA coating current. The
sample was then examined at an acceleration voltage of
5kV with 350 × magnifications.

2.4 Colour profile
The colour gelatine encapsulated C. ternatea flowers
powder was measured using Minolta colorimeter
(Kinoca Minolta CR/ 4, Japan). The colorimeter was
calibrated by calibrate plate before analyse. The
colorimeter was placed on the petri dish containing 10 g
of C. ternatea flowers powder. L*(lightness), a*(redgreen), b*(yellow-blue) values was measured.
2.5 Determination of functional groups
The functional groups were determined using
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2.6 Determination of moisture contents
Moisture content in MEBP powder was measured
using the method approved by AOAC International
(2007).
2.7 Determination of total flavonoid contents

The flavonoid content of each encapsulated sample
was measured based on aluminium chloride colorimetric
method (Ng et al., 2020). An aliquot of the sample was
added to a 10 mL volumetric flask containing 4 mL of
distilled water. 0.3 mL of 5% NaNO2 was then added.
After 5 mins, 0.3 mL of 10% AlCl3 was then added.
Another 5 mins, 2 mL of 1 M NaOH was added. The
mixture volume was made up to 10 mL of distilled
water. The solution was then mixed and absorbance was
measured at 510 nm. The total flavonoid contents were
expressed as mg quercetin equivalents (QE).
2.8 Determination of total anthocyanin contents

A total of 10 mg of the extracted sample was
sonicated with 5 mL of 50% methanol for 15 mins. Then,
0.2 mL extracts were diluted and mixed well with 0.8
mL of 50% methanol. After that, 0.3 mL of solution was
diluted again with 4.9 mL of 50% methanol and mixed
well. The absorbance was then measured at 530 nm by
UV-Vis spectrophotometer (Sukwattaansinit et al.,
2016).
2.9 Determination of antioxidant activity using 2, 2diphenyl-2-picrylydrazyl (DPPH assay)
Antioxidant activity of the sample powder was
determined by the 2, 2-diphenyl-2-picrylydrazyl (DPPH)
method of Zainol et al. (2018) with some modifications.
Briefly, 0.1 mM solution of DPPH in methanol was
prepared by dissolving 1.9 mg DPPH in 100 mL
methanol and incubated in dark to complete the reaction.
An aliquot of 4 mL of this solution was added with 10
mL of diluted extracts (50 mg sample in 100 mL distilled
water), 10 mL of distilled water (control) and 10 mL of
standard ascorbic acid, α-tocopherol and Butylated
hydroxyltoluene (BHT). The mixture was left to incubate
in dark at room temperature for 60 min. The absorbance
at 517 nm was measured using UV-Vis
spectrophotometer.
eISSN: 2550-2166

2.10 Encapsulation efficiency (anthocyanin contents)
In order to evaluate the effectiveness of
microencapsulation, total anthocyanin (TA) content and
surface anthocyanin (SA) contents of microparticles
were determined after drying (Begum and Deka, 2017).
In TA determination, 100 mg of samples were added to 1
mL of distilled water was and was ground to destroy
microparticles. Then, 9 mL of ethanol were added to the
sample to allow extraction for 5 mins. In determination
of SA, 100 mg of samples were directly extracted with
10 mL ethanol and vortexed for 30 s, followed by
centrifugation at 3000 rpm for 10 mins. After phase
separation, the clear supernatant was collected and
filtered. Anthocyanin content for TA and SA values were
determined using rapid spectroscopic method.
Encapsulation efficiencies were calculated according to
the equation:

2.11 Antimicrobial properties
The bacterial and fungal stock cultures were
incubated for 24 hrs at 37°C and 48 hrs at 28oC on
trypticase soy agar and potato dextrose agar (PDA)
medium, respectively. The bacterial strains were grown
in Mueller-Hinton agar (MHA) plates at 37°C (the
bacteria were grown in the nutrient broth at 37°C at 24
hrs before being transferred into Mueller-Hinton broth),
whereas the yeasts and moulds were grown in PDA at
28oC (the fungi were grown in Mueller-Hinton broth at
room temperature for 24 hrs) respectively (Bhalodia and
Shukla, 2011). Preliminary antimicrobial tests were
carried out by agar well diffusion test. The test extracts
were sterilized using 0.22 μm Millipore filter.
Concurrently, the suspension was equivalent to the
turbidity 0.5 MacFarland standard prepared from
subculture Mueller-Hinton broth for bacteria and fungi
respectively. Then, 100 μL of bacterial suspension was
spread on Mueller–Hinton agar in sterilized Petri dishes.
Test extracts of 50 μL were added to the wells that were
being cut out by sterile tip. Reference antibiotics,
chloramphenicol (30 μg/disc) and meropenem (10 µg/
disc) were served as positive control for bacteria and
fungi, respectively, while the solvent (distilled water, 50
μL) was used as a negative control. After that, the
inoculated plates were incubated at 37oC Antibacterial
and antifungal activities were evaluated by measuring the
inhibition zone (in mm) against the test bacterial strains
(Bhalodia and Shukla, 2011).
2.12 Statistical analysis
The data was collected and analysed using one-way
variance (ANOVA) with multiple comparisons and the
© 2020 The Authors. Published by Rynnye Lyan Resources
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Fourier-Transform Infrared (FTIR) Spectroscopy
analysis (Hau et al., 2018). A small quantity of gelatine
encapsulated C. ternatea powder were made into pallet
in the ratio of 10 mg: 500 mg (sample: potassium
bromide, KBr (FTIR grade)). The pellet was prepared
with the help of pellet maker and this pellet was placed
in IR chamber and analyzed by Fourier Transform
Infrared Spectroscopic (FTIR).
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significant difference (p<0.05) data were further
analysed using Fisher’s least test at 95% confidence
intervals. The data were analysed using Minitab 18
software and all data obtained were presented at mean ±
standard deviation.

intercellular contact and collapse of cell structure (Xiao
and Gao, 2012). Figure 1 also shows that the freeze dried
powders demonstrated fibrilar structure with ‘collapsebuilding’ shape in which they had approximately 0.2-0.7
mm particle size in diameter (Qiang et al., 2013; Hau et
al., 2018). The freeze dried powders can be described as
high porosity with thinner pore walls due to the swelling
behaviour of gelatine as encapsulated materials (Jones et
al., 2011).

3. Results and discussion
3.1 Morphology structure
Figure 1 illustrates the images of gelatine
encapsulated C. ternatea flowers powder with 350x
magnification. All samples exhibited somewhat unique
shapes and structures. The particle size of the diameter of
the ultrasonic spray dry powders was recorded in the 530μm range and was mostly spherical with a smooth and
symmetrical shape. However, these results are in contrast
with Wang (2015), who stated that spray dried gelatine
powder had rough and dimpled surface but spherical in
shape. This could be caused by the samples from
ultrasonic spray dryer has a high density so they can
become sufficiently rigid in quick time (Febriyenti et al.,
2014). The convection oven dried powders showed
somewhat irregular, amorphous shape and uniform
distribution with wrinkled surface in which they had
approximately 500-1000µm in diameter. The heat was
penetrated through the encapsulating agents in
convection drying, resulting in a disturbance that can
change the structure. The oven drying procedure can
change the well-organized cell structure and the apple
tissue intercellular space into broken cell walls, decrease

3.2 Colour profile
The results showed that the luminosity of freeze
dried gelatine encapsulated C. ternatea flowers powder
exhibited the highest L* value followed by convection
oven and ultrasonic spray dried powders. Similar results
were reported by Kang et al. (2014) that the highest L*
value had been observed in freeze dried agrooligosaccharide powder. This is because freeze drying
removes water by sublimation of ice during freeze drying
process at low temperature. Besides that, freeze drying
can inhibit oxidation and other chemical reaction, thus
minimal colour deterioration (Ratti, 2001). L* values of
convection oven powders were higher than ultrasonic
spray dried powders due to the differences of
temperature used in both encapsulating methods as
convection oven dried samples at 80oC while ultrasonic
spray dried samples at 100oC. This was due to nonenzymatic browning was promoted under high
temperature, resulting in a greater decrease of L* value
(Valentina et al., 2016).

A

B

C

Figure 1. Scanning electron microscope (SEM) images of gelatine encapsulated C. ternatea flowers powder with 350X
magnification. A = Ultrasonic spray dryer, B = Convection oven and C = Freeze dryer
eISSN: 2550-2166
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Chroma indicates the colour intensity of saturation
(chroma = (a°² + b°²)1/2) in the samples. Table 1 also
illustrated that ultrasonic spray dryer showed the highest
chroma values followed by freeze dryer and convection
oven. So, the colour for samples from ultrasonic spray
dryer was vivid than other encapsulating methods. This
could be because ultrasonic spray drying can entrap
“active materials” within a protective matrix which is
essentially inert to the material being encapsulated (Luz
et al., 2007).
Hue angle indicates darkness (hue = tan-1(b*/a*)).
The hue angle denoted negative sign for ultrasonic spray
dryer and freeze dryer while the positive sign for
convection oven. According to Bahloul et al. (2009), the
increase in hue angle is indicative of browning reaction
as a result of the activity of polyphenolic oxidase.
Likewise, the formation of brown compounds may be as
a result of Maillard reaction which occurs upon the
reduction of sugar and amino acids (Carabasa-Giribet
and Ibarz-Ribas, 2000).
3.3 Functional groups
Most of the spectrum from ultrasonic spray dried,
convection oven dried and freeze dried powders had
slight differences on its peaks respectively but no big
changes on peak’s wavelength and percentage of
transmitted IR means that different encapsulating

methods had same functional groups (Table 2). Although
there were no big changes in the peak’s position and
percentage of transmitted IR, there were huge differences
of intensities for peak absorbance No. 3 and No. 4
(Figure 2). According to Munajad et al. (2018), the
intensities for peak absorbance was correlated with the
temperature. The intensities for peak No. 3 and No. 4 for
freeze dried samples exhibited the highest amount,
followed by ultrasonic spray dried samples while the
convection oven dried powders illustrated the lowest
intensities for peak No. 3 and No. 4. The intensity for
peak absorbance No. 3 might be related to the
deformation of OH group. The reduction of molecular
weight of phenolic compounds occurred due to the
breakage of hydrogen bonds during deformation of OH
groups. These results were in agreements with the report
Bandara et al. (2016) who demonstrated that the
occurrence for the reduction of the intensity of O-H
functional groups for paper aged in mineral oils was due
to the breakage of hydrogen bonds in cellulose thus lead
to the reduction of molecular weight or degree of
polymerization of cellulose. The intensity for peak
absorbance No. 4 might correlate to C-O functional
groups. Socrates (1997) and Nakanishi and Solomon
(1977), the C-O functional groups of ester, carboxylic
acid and ether was easily affected by the C-O functional
groups in the environment. Furthermore, the spectral
region for peak absorbance No. 4 was related to
flavonoids linked to carbohydrates. Thus, heating the
carbohydrates at high temperature and neutral pH might
cause the occurrence of sugar degradation (Woo et al.,
2015). So, the occurrence of sugar degradation for both
ultrasonic spray dried and convection oven dried
powders might result the lower intensities for peak
absorption No. 3 and No. 4. This illustrated that heating
can somewhat damage the phenolic compounds and
flavonoid contents of samples.
3.4 Moisture contents
Table 3 shows that the highest moisture contents
were obtained in the powders prepared using convection
oven with 14.33%, followed by freeze dryer and
ultrasonic spray dryer with the lowest moisture contents
(7.28%) and (5.94%). The data collected for the moisture
contents of ultrasonic spray dried powders were in
accordance to the study by Pettinato et al. (2017) who

Table 1. Colour parameter of gelatine encapsulated C. ternatea flowers powder using different encapsulating methods
Encapsulating methods
Ultrasonic spray dryer
Convection oven
Freeze dryer

L*
25.60±0.02c
39.76±1.51b
45.62±0.54a

Colour parameter
a*
b*
Chroma
23.90±0.02a -25.13±0.03c
34.69±0.04a
4.93±0.93c
1.15±0.23a
5.17±0.75c
11.8±0.18b
-8.84±1.61b
14.77±1.11b

Hueº
-46.43±0.00b
12.63±3.64a
-36.67±4.54b

Colour name
Violet purple
Reddish-orange
Magenta

All values given are means of triplicate results. Standard deviation (mean ± SD) is included for each average. Means with
different letter are significantly different at p < 0.05.
eISSN: 2550-2166
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The a* and b* values of the powders were also
significantly (p<0.05) affected by encapsulating
methods. The positive value of a* demonstrated redness
thus a* values from 4.93 to 23.90 indicated a trend of
redness from samples of convection oven to ultrasonic
spray dryer while the positive value of b* showed
yellowness but the only sample from convection oven
illustrated yellow colour as it showed a positive value of
b* (1.15). Low positive a* value and b* value for
samples from convection oven might due to the Maillard
reaction had occurred in the condition of high
temperature, high moisture contents and long period of
time as it can cause the formation of pyruvaldehyde and
diacetyl from hydroxymethylfurfural (HMF) in the
intermediate stage. Therefore, samples from this stage
were slightly yellow or colourless (Tamanna and
Mahmood, 2015).
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Figure 2. FTIR spectra of functional groups present in C. ternatea flower powders (blue: ultrasonic spray dried powder, red:
convection oven dried powder and green: freeze dried powder)
Table 2. Peak intensity and functional group for the ultrasonic spray dried, convection oven dried, freeze dried gelatine
encapsulated C. ternatea flowers powder
No Wavenumber (cm-1) Frequency ranges
Assignment
Ultrasonic spray dried gelatine encapsulated C. ternatea flowers powder
1
3385.57
3570-3200
H-bonded OH stretch
2
1636.98
1680-1620
C=C stretch
1600-1400
C=C stretch
3
1406.34
1410-1260
OH deformation
1290-1000
C-H group in-plane
1300-1000
C-O stretch
4
1077.77

Functional group

Peak

Hydroxyl group/ alcohol/ phenol
Alkenes

1.774
3.27

Aromatics

6.655

Ester, carboxylic acid and ether
Pyranose structure (flavonoids linked to

1200-950
C-O stretch
5
618.59
Convection oven dried gelatine encapsulated C. ternatea flowers powder
1
3385.05
3570-3200
H-bonded OH stretch
Hydroxyl group/ alcohol/ phenol
2
1636.62
1680-1620
C=C stretch
Alkenes
1600-1400
C=C stretch
3
1406.66
Aromatics
1410-1260
OH deformation
1290-1000
C-H group in-plane
1300-1000
C-O stretch
Ester, carboxylic acid and ether
4
1079.9
Pyranose structure (flavonoids linked to
carbohydrates)
1200-950
C-O stretch
5
618.08
Freeze dried gelatine encapsulated C. ternatea flowers powder
1
3385.18
3570-3200
H-bonded OH stretch
Hydroxyl group/ alcohol/ phenol
2
1647.67
1680-1620
C=C stretch
Alkenes
1600-1400
C=C stretch
3
1406.18
Aromatics
1410-1260
OH deformation
1290-1000
C-H group in-plane
1300-1000
C-O stretch
Ester, carboxylic acid and ether
4
1083.22
Pyranose structure (flavonoids linked to
5

618.84

eISSN: 2550-2166

1200-950
-

C-O stretch
-

-

5.088

6.789
0.611
1.299
3.607

2.592

3.698
1.861
3.191
7.197

6.796

8.092
© 2020 The Authors. Published by Rynnye Lyan Resources
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3.5 Total flavonoid contents
The total flavonoid contents of the ultrasonic-spray
dried sample exhibited the highest amount followed by
freeze-dried sample and convection-oven-dried sample
(Table 3). This shows that the technique, as well as
temperature, greatly influence the total flavonoid
contents in the sample. These results were similar with
spray dried papaya products presented higher retention
of flavonoids as compared with the freeze dried papaya
products (Gomes et al., 2018). This could also be due to
the formation of microcapsules at the final stage during
entrapment of high incidence of extract contents by
ultrasonic spray drying (Chen et al., 2013).
Table 3 also shows that the freeze dried sample
exhibited the second-highest flavonoids content among
the encapsulating methods. This might due to the
absence of some components during flavonoid
biosynthesis. According to Buchner et al. (2006),
chalcones and isoflavones cannot be synthesized
naturally but they can produce after being stress. Besides
that, freeze drying also can cause inconsistently

entrapment of extract contents thus leads to a decrease in
total flavonoid contents (Dickinson, 2003).

The samples dried using the convection oven
exhibited the lowest flavonoid contents as heating can
block most flavonoid biosynthesis. These results were in
accordance with the results reported by Zhang et al.
(2019) that rapid oven drying at 75oC can destroy
enzyme activity and block the synthesis pathway of
flavonoids. Besides that, Zhang et al. (2019) also proved
that the presence of only four components from
flavonoid biosynthesis (scutellarein 7-O-glucobioside,
apigenin 7-O-rutinoside, apigenin-C-pentoside, and
kaempferol 3-O-α-L-arabinopyranoside) after direct
heating at 75oC as these components were unaffected by
the drying pre-treatments.
3.6 Total anthocyanin contents
Table 3 indicates that the total anthocyanin content
found to be higher in ultrasonic spray dried treatment,
followed by oven-dried treatment and freeze dried
treatment. This result was found to be in contrast with
total anthocyanin contents for freeze dried rose (Rosa
rugose) was higher than spray dried powders (Yu and
Lv, 2019). This might due to different morphology
structure produced from the different sample but the
same drying technique. The freeze dried rose powder as
shown by Yu and Lv (2019) had an indefinite and
laminate structure that the compact brittle textures with
prominently sharp edges but the freeze dried samples
showed fibrillar structure and ‘collapse-building’ shape.
In the current study, the fibrillar structure and ‘collapsebuilding’ sample form of the freeze dryer was not as
successful in preserving anthocyanin compared to the
previous research (Hau et al., 2018). In addition, the
irregular, rough and dimpled surface of convection oven
dried powders had low anthocyanin contents. This might
because the shrivelled surface can affect the stability of
anthocyanin contents thus resulting in the faster
anthocyanin degradation during storage (Ferrari et al.,
2013). The roughened surface and cavities of powders

Table 3. Moisture contents, total flavonoid contents, total anthocyanin contents, encapsulation efficiency, Inhibition of DPPH of
gelatine encapsulated C. ternatea flowers powder prepared using different encapsulating methods
Total anthocyanin
Total flavonoid
Moisture
contents (mg
Encapsulation
Inhibition of
contents (µg
contents (%)
delphinidin-3-Oefficiency (%)
DPPH (%)
quercetin/100 mg)
sambuboside/100 mg)
ultrasonic spray dried
5.94 ± 0.08b
145.24±2.44a
1.58±0.14a
60.22±0.75b
18.89±2.32e
a
c
b
b
convection oven dried
14.33±1.21
24.05±1.32
0.55±0.02
63.38±1.64
23.78±1.54d
freeze dried
7.28±1.02b
45.24±1.12b
0.78±0.01b
95.74±0.05a
37.78±3.32c
Ascorbic acid
92.11±3.58a
α-tocopherol
41.67±3.87c
BHT
67.89±5.52b
All values given are means of triplicate results. Means with different letter are significantly different at p < 0.05.
eISSN: 2550-2166
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reported 5.3% to 7.0% of spray dried spent coffee
ground sample. However, the moisture contents of freeze
dried powders were 7.28% was a little bit difference
than freeze dried C. ternatea flowers powders
encapsulated with 100% Arabic gum, 50% Arabic gum
with 50% maltodextrin and 100% maltodextrin with the
range of 6.5% to 7.2% moisture contents as reported by
Hamzah et al. (2013). The differences may due to the
different encapsulating agents used in this study. Thus,
the moisture contents for freeze dried samples were
recorded higher than previous studies. The moisture
contents for convection oven dried powders showed the
highest (14.33%). The results collected were different as
reported by Ali et al. (2016), who demonstrated that the
moisture contents for guava slices that dried in the
convection oven for 4.5 hrs at 80oC were 7.15%. The
differences may due to the different drying samples and
different duration time for drying the sample.
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were due to the rapid water evaporation during drying in
convection oven (Bernstein and Noreña, 2015). The
anthocyanin contents for samples from convection oven
was lower might due to the penetration of heat through
the encapsulating agents thus causing anthocyanin
degradation. The results of total anthocyanin contents for
Yu and Lv (2019) was in contrast with the current study
might due to the different encapsulating agents used
from the same drying technique (freeze dryer).
3.7 Antioxidative activity
picrylydrazyl (DPPH) assay

using

2,2-diphenyl-2-

The freeze dried powders showed the strong
inhibition of 2,2-diphenyl-2-picrylydrazyl (DPPH)
radicals, which was significantly higher than other
samples (Table 3). The stresses provided by the
differences in drying technique as well as drying
temperature. This results in concert with the report of Yu
et al. (2018), who demonstrated that the freeze dried
raspberry was higher than spray dried raspberry because
higher drying temperatures caused a bigger decrease in
DPPH free radical scavenging capacity. This might also
due to the presence of other phenolic compounds in
freeze dryer although its total flavonoid contents and
total anthocyanin contents were lower than ultrasonic
spray dryer. The anthocyanin degradation products
demonstrated higher antioxidant activity. This was due to
the application of heat will promote the cleavage of
acylated anthocyanins into their corresponding acylglucosides, then into intermediate chalcones (phenolic
acids and aldehydes) that contributed to an increase of
antioxidant activity in the samples. A similar
phenomenon had been observed for purple potato that
anthocyanin degradation can contribute to the increase of
antioxidant activity (Nayak et al., 2011). However, the
antioxidant activity for all samples was comparable to
the standard and only the freeze dried powders were not
significantly different between α-tocopherol and samples
but it also lower than α-tocopherol.
3.8 Encapsulation efficiency (anthocyanin contents)
Table 3 also exhibits the encapsulation efficiency

based on anthocyanin contents for freeze dried powders
was found to be highest (95.74%), followed by
convection oven (63.38%) and ultrasonic spray dryer
(60.22%). Ironically, the total anthocyanin contents of
ultrasonic spray dried powders was the highest with the
lowest encapsulation efficiency. The results were in
agreement with El-Messery et al. (2019), who stated that
the technique for spray drying and ultraturax had lower
encapsulation efficiency than freeze drying and
ultrasonication. In contrast, freeze drying allows dropletto-droplet interaction in the extract until the drying stage
and this leads to higher consumption of time than spray
drying, resulting in an inconsistency in the entrapment of
the extract of the freeze-dried encapsulated powder
which leads to a low incidence of entrapment of extract
content and thereby, a high surface content. In addition,
the atomization of the feed materials by spray drying can
result in very fine mist-like droplets with increased
surface area. Increase in surface area means more
exposure to heat. Further, there may be instances when
due to atomization some part of the coating material
could get removed from the core material even after
homogenisation.
3.9 Antimicrobial and antifungal properties
Table 4 shows all foodborne pathogenic bacteria and
fungi were inhibited by freeze dried C. ternatea flowers.
A. niger showed was the most affected fungi followed by
C. albicans. In terms of foodborne pathogenic bacteria,
B. cereus, S. enterica illustrated higher inhibition zone
among bacteria while E. coli and S. aureus demonstrated
the lowest inhibition zone. The diameter of clear zones
illustrated the different susceptibility of bacteria to the
extracts (Leong et al., 2017). The antimicrobial effect for
S. enterica and B. cereus were better than E. coli and S.
aureus proving that freeze dried C. ternatea flowers
were able to retard Gram-positive bacteria as well as
Gram-negative bacteria. These results were similar to
reports of Kamilla and co-workers (2009) that S. enterica
serovar Typhi, B. cereus, E. coli and S. aureus were
inhibited by C. ternatea flowers methanolic extracts. The
lowest inhibition zone can be shown by E. coli and S.

Table 4. Antimicrobial and antifungal activity for freeze dried gelatine encapsulated C. ternatea flowers powder (100.00 mg/
mL), positive and negative control against foodborne pathogenic bacteria and fungi
Foodborne bacteria and
fungi
E. coli
S. aureus
B. cereus
S. enterica
A. niger
C. albicans

Negative control
Positive control
Freeze dried C. ternatea
flowers
Sterile distilled water Chloramphenicol
Meropenem
c
a
10.67±1.18
NI
25.09±2.24
9.42±0.12c
NI
24.84±0.23a
b
a
16.92±1.77
NI
22.84±1.65
b
a
17.00±0.71
NI
22.50±2.12
22.00±0.71a
NI
35.75±0.59a
18.09±2.00b
NI
19.59±2.00b

All values given are means of triplicate results. Means with different letter are significantly different at p < 0.05.
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aureus might due to the difference’s resistance of
bacteria against antibiotics.

This study proved that freeze dried powders
exhibited the best encapsulating methods due to its high
encapsulation efficiency and antioxidant activity with
moderately high total flavonoid contents, low total
anthocyanin contents and moisture contents. FTIR
analysis also revealed the presence of highest amounts of
phenolic compounds in freeze dried samples although it
showed irregular shape like “collapse building” with
fibrillar structure. For antimicrobial properties, the freeze
dried powders were effective against all tested bacteria
(S. aureus, E. coli, S. enterica and B. cereus) and tested
fungi (A. niger and C. albicans).
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