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ABSTRACT

Introduction: Butterfly pea (Clitoria ternatea) flowers are rich in nutrients and anthocyanin, which contributes to their
antioxidant properties. The utilisation of the natural blue colour of butterfly pea flowers as a substitute for synthetic
colouring agents could add functional value to food products. Accordingly, this study was conducted to develop
an instant blue drink from butterfly pea flowers and analyse its physicochemical properties and storage stability on
the antioxidant activity. Materials and methods: The obtained extract was formulated with 12.3% xylitol and 0.03%
citric acid and freeze-dried. The physicochemical including bulk density, colour, pH, nutritional analysis, mineral
content and antioxidant properties of the instant blue drink were analysed. The antioxidant activity of the instant
blue drink was evaluated after 30 days at four storage conditions as below: condition A = stored at 4°C with presence
of light, condition B = stored at 4°C with absence of light, condition C = stored at 23°C with presence of light and
condition D = stored at 23°C with absence of light. Results: The colour of the instant blue drink was mainly affected
by the dilution of the extract and the addition of citric acid, which also subsequently changed the pH of the drink.
Compared with fresh butterfly pea flowers, the instant blue drink showed value more than 50% in L*, showing the
sample lighter in color. The instant blue drink had positive a* value and negative b* corresponds with blue. The
moisture, ash, fat, protein and crude fibre percentage compositions of the instant blue drink were 1.46%, 0.13%,
1.94%, 0.89% and 0.43%, respectively and has the least amount of minerals. The antioxidant activity of the instant
blue drink was significantly reduced (p< 0.05) by high temperature and present of light during storage. Conclusion:
The optimal storage condition of instant blue drink is at 4  C with the absence of light. Hence, instant blue drink
from butterfly pea flowers (Clitoria ternatea) were successfully developed by using freeze-drying method.
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Various studies have investigated the functional
properties of the leaves, roots, seeds, and flowers of
butterfly pea (6). The demand of consumers for the use
of natural plant pigments as replacements for synthetic
colouring agents in the food industry is trending (7). Blue

INTRODUCTION

Butterfly pea (Clitoria ternatea) is originated in Asian
region and belong to Fabaceae family (1). The blue
colour petals is mainly composed of anthocyanin
source which rich in ternatin (malonylated delphinidin
3,3',5'-triglycoside) (2). The blue extracts have
been widely used as natural colourant for desserts
and beverages delicacies in Malaysia and Thailand
(3,4). The petal is mainly composed of malonylated
delphinidin 3,3’,5'-triglycoside. Its flower colour varies
from vivid blue to pure white and commonly used in the
preparation of local cuisines such as nasi kerabu and

colourants are particularly targeted because of the limited
choices for stable natural blue colourings (8). According
to Siti Azima et al. (2017), the extract of butterfly pea
flowers is a promising source of natural blue colourant
with bioactive properties as an alternative to synthetic
colourants. Blue-coloured butterfly pea flowers are rich
in anthocyanin, which contributes to their antioxidant
properties, making them good functional food with a
natural blue colour (10, 11).

Taste and flavour perception has a positive correlation
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with the colour of a food or beverage (12). Synthetic food
colourants (SFCs) are potentially toxic when consumed
in excess, therefore food manufacturers has to improve
the colour intensity, stability and uniformity and the
overall appearance of food products for the accessibility
and light, oxygen and pH stability (13, 14). However,
most synthetic food dyes contain an azo group, which
is harmful to human health. For example, tartrazine
has been linked to allergic reactions and hyperactivity
in children, and Sunset Yellow and Ponceau 4R are
associated with chronic urticaria (14). Therefore, plant-
derived colourants are being investigated as a source
of natural colour and high micronutrient contents,
including water- or fat-soluble vitamins (8, 15).

The extract of butterfly pea flowers is a good natural
blue colourant substitute because of its convenience
and long shelf life (9). Butterfly pea flowers are rich
in anthocyanin, which contributes to their antioxidant
properties, making them a good functional food with
natural blue colour (10, 11). Therefore, by utilising wildly
growing butterfly pea flowers with several benefits to
human health, this study aims to develop an instant blue
drink powder with excellent physicochemical properties
and that can be stored under optimal conditions to retain
their functional purpose.

MATERIALS AND METHODS

Chemicals

DPPH radical (2,2-diphenyl-1-picrylhydrazyl) was
purchased from Sigma-Aldrich, USA. Xylitol (purchased
from MH Food, Malaysia) and citric acid (purchased from
Take It Global, Malaysia) were used in the formulation
of the instant blue drink. All other chemicals were
analytical grade.

Plant material

The raw materials used for this research were butterfly
pea flowers which were collected from Lunas, Kedah.
The collected flowers were fully blooming and free from
any disease or defect. The petals of C. ternatea were
separated from the calyx and dried for 24 hr at 50°C
using hot air dryer (Afos Dryer, England). The dried
flowers was ground, sieved and stored at 4°C prior to
analysis. The voucher specimen number of Clitoria
ternatea herbarium USM is 11462.

Extracts preparation and formulation of instant blue
drink

Extraction was done according to Lakshan et al. (2019)
with a slight modification. About 6 g of butterfly pea
powder were mixed with 1000 mL distilled water at 60°C
in a water bath shaker (Memmert Waterbath, Memmert
GmbH + Co.KG, Achwabach, German) for 37 min and
filtered. The instant blue drink was formulated with
butterfly pea flowers powder, xylitol and citric acid at
87.4%,12.3% and 0.03%, respectively and freeze dried.
The formulation was chosen based on preliminary

study to determine the acceptable percentage of the
ingredients to formulate instant blue drink. When
percentage of xylitol was increase to more than 12.3 %,
it affected the result of freeze-dried powder. The powder
did not dry up properly due to high xylitol ratio which
affect the crystallinity of the freeze-dried powder. All
steps in the extraction process were carried out in food
grade facilities.

Colour

For colour measurements, colourimeter (Minolta
Spectrophotometer CM-3500d, Osaka, Japan) was used
to determine the colour intensity of the samples. The
values were represented as L*, a* and b*. The colour
values were defined in terms of L* value (lightness, 100
= white and 0 = black), a* value (greenness to redness)
and b* value (blueness to yellowness). The instrument
was calibrated using standard black and white tiles.

Bulk density

The tapped bulk density was determined according to the
methodology described by Nilsang (2018). Bulk density
of the sample was determined by adding 2 g of sample
into an empty 10 mL graduated measuring cylinder.
The volume was registered. The samples were vibrated
repeatedly on a vortex for 1 min until the negligible
difference in volume between readings was observed.
Then, the new volume was registered. The mass of sample
and the volume occupied in the cylinder were substituted
into the following equation to obtain the bulk density:

Bulk Density = Mass of sample (g)/Volume occupied in
cylinder (mL)

pH

A pH meter (Mettler Toledo, USA), previously calibrated
with buffer solutions (4, 7 and 9), was used to determine
the pH of the samples at 25°C.

Nutritional analysis

The moisture content of the powdered sample was
determined by using moisture analyser (A&D MX-50
Moisture Analyser, Wood Dale, IL) (Nielsen, 2003). The
total ash content in the sample was determined by using
the dry ashing method (AOAC, 2006). The total crude
protein content in the sample was determined by using
Micro-Kjeldahl method (AOAC, 2006).

The total crude fat content of the sample was determined
by using the Soxhlet method (AOAC, 2006). The content
of crude fibre in the sample was determined by using
Gravimetric Method (AOAC, 2006). The percentage of
total carbohydrate content was determined by:

% Carbohydrate = 100 - (% ash+% fat+% protein+%
fiber content)

Mineral determination
Three common minerals in Clitoria ternatea flower

55 Mal ) Med Health Sci 20(SUPP8): 54-59, Oct 2024



were determined in instant blue drink by using the
atomic absorption spectrophotometer. In brief, the
wet digestion of al samples were carried out following
the standard association of the analytical community
(AOACQ). Thereafter, the samples were quantified in AAS
(Perkin Elmer, Waltham, Massachusetts, USA) fitted with
cathode lamps (Single hollow), particularly for each
element containing air-acetylene burner. Sample was
digested in concentrated nitric acid (HNO,) and 30%
hydrogen peroxide (H202) using a microwave digester
(Milestone Ethos 900 Microwave Lab Station, Sorisole,
Italy). Absorbances were recorded and a standard
curve was plotted. Standard solutions were prepared by
diluting stock solution of K (0, 0.4, 0.8 and 1.2 ppm), Ca
(0, 2, 4 and 6 ppm) and Mg (0, 0.1, 0.2 and 0.3 ppm) in
100 ml volumetric flask.

Effect of storage on antioxidant activity of instant blue
drink

Samples were stored at four different storage conditions
which include two factors: temperature and light.
The antioxidant activity of the instant blue drink was
evaluated after 30 days at four storage conditions as
below:

Condition A = stored at 4°C with presence of light
Condition B = stored at 4°C with absence of light
Condition C = stored at 23°C with presence of light
Condition D = stored at 23°C with absence of light

DPPH radical scavenging activity of instant blue drink
The DPPH radical scavenging activity of the sample was
determined by using 2,2-diphenyl-1-picrylhydrazyl
(DPPH) assay according to the method of Nurjamalina
et al. (2020) with a slight modification. In brief, 0.12 mL
of sample were added into 4 mL of 0.02 mg/mL DPPH in
methanol. After the reaction mixture had been allowed
to stand for 45 minutes in dark at ambient temperature,
its absorbance was determined at 517 nm by using a
UV-vis spectrophotometer (UV-1650PC, Shimadzu,
Kyoto, Japan). The percent of scavenging activity was
calculated by using the following formula:

% Scavenging activity = [(A control — A sample) / A
control] x 100%

Statistical analysis

The experiments were conducted in triplicate, and the
results expressed as mean and standard deviation. The
differences between samples were verified using one-
way analysis of variance (ANOVA), followed by Tukey’s
test of significant minimum difference, considering the
significance level of 0.05 by using SPSS ANOVA Ver
27.0 (SPSS Inc Chicago, IL).

RESULTS

Table I: Colour measurements of butterfly pea flowers and
instant blue drink

Parameters Instant blue drink
L* 60.10 = 0.04
a* 7.99 + 0.05
b* -37.98 £0.14
c* 38.81 +£0.14
h* 281.87 £ 0.09

Data is represented as mean =+ standard deviation (n=3). NA = Not Available.

Table I1: Proximate composition of instant blue drink from
butterfly pea flowers

Constituent % Composition

Moisture 1.46 £ 0.04
Ash 0.13 £0.02
Fat 1.94 £ 1.32

Protein 0.89 +0.02
Crude fibre 0.43 +0.08

Data is represented as mean =+ standard deviation (n=3).

Table I11: Mineral content of instant blue drink

Mineral Content (mg/g)
Calcium -0.007 + 0.002
Magnesium 0.061 +0.002
Potassium 0.195+0.118

Data is represented as mean =+ standard deviation (n=3)

Table 1V: Percentage of DPPH radical scavenging activity of
instant blue drink

DPPH Day 30
(% inhibi-  Condition A Condition B Cpndi- Condition
tion) tion C D
12.61 = 4.38 + 25.39 + 19.49 =
3.312 1.54> 3.22¢ 1.28¢

Data is represented as mean = standard deviation (n=3) where different superscript letters
are significantly different (p<0.05).

DISCUSSION

Colour

Colour is one of the most essential visual characteristics
that influence consumers’ perception of food quality,
such as the sensory properties, nutrition and freshness
of food products (12). Table | shows that the lightness
value of the instant blue drink was higher than fresh
butterfly pea flowers, indicating the instant blue drink
had lighter colour than butterfly pea flowers (9, 20).
The colour difference might be due to the addition of
distilled water to the butterfly pea flowers used during
extraction. Besides that, the a* value of an instant blue
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drink is higher than fresh flowers which indicates the
sample has more redness than greenness (20). Butterfly
pea flowers contain anthocyanin and flavylium which
accounts for the purplish-blue colour exhibited when pH
is reduced using a mild acid (1). Moreover, the addition
of citric acid into the formulation caused the a* value is
higher than fresh butterfly pea flowers. Citric acid was
added to enhance the flavour and act as a preservative
to the formulation (21).

However, the instant blue drink had a considerably
lower b* value than fresh butterfly pea flowers as
reported by Saati et al. (2018), indicating the blueness
was higher than the yellowness. This characteristic
may be attributed to delphinidin, the main anthocyanin
compound which responsible for the blue and purple
colours (22).

Bulk density

The bulk density can influence the cost and function
in the storage, processing, packing and distribution of
the product and expressed in grams per milliliter (g/mL)
(23). Generally, powders with a high density occupy
less volume when packed and transported. Instant blue
drink powder was at 0.60 + 0.02 g/mL, which higher
than instant green smoothie powder (0.47 + 0.0424 g/
mL) as reported by Dilrukshi & Senarath (2021). High
bulk density of a blue drink powder is depending on the
ingredients used in the formulation.

pH

The addition of citric acid decreased the initial pH of
fresh butterfly pea flowers from pH 3.49 - 5.37 of the
instant blue drink (20). According to Hurtado et al.
(2009) and Saati et al. (2020), under low pH conditions,
anthocyanin is stable because its hydroxyl groups attach
to stable locations in molecules.

Nutritional analysis

The results of nutritional analysis on instant blue drink
are presented in Table Il. The proximate composition
was determined in triplicate, and the data obtained
were expressed in percentage (%). Based on Table I,
the reduction in the moisture content of the butterfly
pea drink compared to the fresh butterfly pea flowers
was due to the different methods used which were oven
drying and freeze-drying. Oven drying at 50°C for 24 h
remove moisture up to 88% of the initial weight of the
fresh flowers. The low moisture content of the powder
is an essential maintaining its shelf life and quality. Ash
content in the instant blue drink showed a reduction
compared to the fresh butterfly pea flowers because
of mineral losses during the sample preparation. The
lipid content of the butterfly pea drink was lower than
fresh butterfly pea flowers (27) (1.94 + 1.32%). From
this study, instant blue drink from Clitoria ternatea is
not a good source of protein with 0.89 + 0.02% protein
content and fiber 0.43 + 0.08%.

Mineral determination

The results of the mineral determination of the butterfly
pea drink are presented in Table Ill. The minerals
content (calcium, magnesium and potassium) of instant
blue drink are low due to the loss off during sample
preparation. Low potassium content is good for chronic
kidney disease patient (28).

Effect of storage on antioxidant activity

DPPH

The antioxidant activity of the instant blue drink was
analysed through the DPPH radical scavenging assay
as shown in Table IV. The ANOVA results showed
that the storage temperature and presence of light
had a significant effect on the DPPH scavenging
activity of the instant blue drink (p<0.05). Low storage
temperature reduced the DPPH scavenging activity. This
finding was supported by Bakhshayeshi et al. (2006),
where the significant decreased of the DPPH radical
scavenging activity of the instant blue drink stored at
23°C compared to 4°C due high temperatures can
caused the destabilisation of anthocyanin molecule
to the 3-glycoside structure and the pyrilium ring of
anthocyanin that increased the inhibition of scavenging
activity. Besides that, the presence of light increased
the formation of flavylium cations, which caused the
photodegradation of anthocyanin (30).

CONCLUSION

In this study, the instant blue drink formulated by butterfly
pea extract was developed. According to our study, the
formulated drink had excellent physical properties and
high nutritional composition which showed promising
formulation and acceptable functional drink. Besides
that, this study found that storage parameters of
temperature and light resulted in significant (p<0.05)
decrease in DPPH radical scavenging activity of the
instant blue drink powder possibly owing to thermal and
photodegradation. Further research could be conducted
on the acceptability and shelf -life, therefore, it can be
recommended as a healthy drink.
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