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ABSTRACT

Butterfly pea flower (BPF) extract was applied to the processing of traditional Vietnamese food products to bring 
attractiveness and safety. Different cooking techniques as steaming, boiling, frying, baking, and sterilization were 
used and controlled. All products were analyzed for total anthocyanin content remaining after processing conditions. 
The selected percentage of extract and treatment time (minutes) in different processing methods were obtained: 
Bloating fern-shaped cake/thin cakes (bánh bèo) (10% extract – steaming time 7 min); Rice ball sweet soup – chè 
ỉ) (15% extract – boiling time 6 min), fried Meat stuffed rice ball – viên thịt) (10% extract (v/w) – frying time 
4 min), and bread (15% extract – baking temperature 160°C). Half-life values of anthocyanin degradation at different 
temperatures (through cooking methods) were observed. A case study was performed with BPF drink, this product 
had high quality when adding 5% BPF extract (v/v), sterilized at 125°C for 3 min with extended storage time (more 
than 4 months). The degradation of anthocyanin during storage was modeled according to the first-order kinetics. 
The half-life values were calculated as 38 and 46 weeks, respectively, at ambient (28 ± 2°C) and low temperature 
(6 ± 2°C) storage.

1. INTRODUCTION

Food colorants play an important role in the food industry to make 
foods coloring and increase customer attractiveness and sensory 
acceptability [1]. Traditional foods are foods and dishes that are 
passed on through generations. They are traditional in nature and 
may have a historic precedent in a national dish, regional, or local 
cuisine. The Southern Folk Cake Festival is always held every year on 
certain occasions in the Mekong Delta, especially in Can Tho city. This 
festival introduces and promotes the traditional cake made from rice of 
the Mekong Delta. In addition, it also honors Southern culinary culture 
and traditional cake-making culture of this area. The festival is a great 
playground for not only Vietnamese people but also international 
tourists for cultural exchange.

In general, traditional/folk cakes are often prepared with the use 
of many different colors to create attractiveness, but some of them 
are not safe because a few enterprises still tend to favor the use of 
synthetic colorants instead of natural extracted pigments. Natural 
food colors consist of pigments such as anthocyanins, carotenoids, 
and chlorophyll that are extracted from plants [2]. The demand 
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for food products with natural coloring agents has increased since 
consumption of synthetic colorings is believed to cause allergies, 
food intolerance, hyperactivity, irritability, and sleep disorders in 
children [3]. The new sources of natural blue color are extracted 
from Butterfly pea flowers (BPF) [4] and identified [5]. The next 
problem is necessary to control the stability of these pigments in 
different processing techniques. Moreover, when using blue color 
extracted from BPF in common food processing, anthocyanin will 
be added. Anthocyanins are known as non-toxic natural pigments. 
This bioactive compound has been shown to provide a number of 
health benefits such as antibacterial, antiviral, anti-allergic, anti-
cancer, anti-inflammatory, anti-proliferative, and preventing various 
degenerative diseases [6]. Therefore, the use of anthocyanin as food 
colorants should be encouraged to provide these health benefits 
to consumers. Unfortunately, anthocyanin compounds are usually 
unstable, they are easily degraded by exposure to heat, light, pH, 
oxygen, and enzymes [7-9]. Thermal and pH degradation kinetics 
of anthocyanins in natural food colorant prepared from black rice 
bran have been studied by Loypimai et al. [10]. Jiang et al. [11] 
studied degradation of anthocyanin and polymeric color formation 
during heat treatment of purple sweet potato extract at different pH 
value. Degradation kinetics of anthocyanins in blackberry juice and 
concentrate have been investigated [12,13]. Degradation kinetics of 
anthocyanin from purple rice bran and effect of hydrocolloids on 
its stability were studied by Mulyawanti et al. [14]. Anthocyanin 
content decreased during processing and storage, but this 
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concentration increased slightly during steaming and that the highest 
losses occurred during boiling. Recently, the thermal stability of 
anthocyanin in mixed raspberry-pomegranate-banana nectar in the 
presence of ascorbic acid and citric acid was studied [15]. However, 
data on the stability of anthocyanin in traditional Vietnamese foods 
during cooking at different temperatures and storage are still lacking. 
The use of natural colorants, of which blue is particularly rare, tends 
to be sensitive to processing and storage conditions. Considering 
the above, the aim of this work was to evaluate the anthocyanin 
remaining in traditional foods from different cooking methods. 
The kinetic parameters of anthocyanin degradation, including the 
rate constant and half-life values for cooking/storage time were 
determined.

2. MATERIALS AND METHODS

2.1. Preparation of BPF
Butterfly pea was grown at CanTho University (Vietnam). After 
harvesting, BPFs were washed with running tap water, drained and 
arranged on trays (stainless steel). It was dried at 70°C in an air 
convectional oven (SIBATA SD60, Japan) with an air flow speed 
of 1.0 m/s [16]. The moisture of the dried sample reached 5–6%, 
containing anthocyanin 1.50 ± 0.04 mg/g DW, and then it was packed 
in dark bags and kept at low temperature (6 ± 2°C) for further use.

2.2. BPF Extraction Procedure
The ratio of raw materials (BPF) and solvent (water) was 1:20 (w/v). 
The dried material (50 g) was used for each treatment. The extraction 
process was conducted in a microwave oven (LG MS2595DIS, Korea) 
with a medium power level (400 W) for 5 min. The obtained extracts 
were centrifuged (Z232K, Hermle, Germany) for 30 min at 12,000 rpm 
at room temperature to obtain the supernatant [4]. The clear liquid was 
passed through the filter paper and stored in the refrigerator for further 
use.

2.3. Effect of Added Extract Concentration and Steaming 
Time on Anthocyanin Stability – A Case Study for Bloating 
Fern-Shaped Cake/Thin Cakes (Bánh Bèo)
Weigh the fixed cake dough of 170 g, add 100 g of coconut milk 
and 500 g of water. BPF extract (prepared) was added at different 
concentrations of 5, 10, and 15% (based on dough weight) for each 
treatment. Mix the dough until it was homogeneous and smooth. 
Perform the steaming process with the survey time of 5, 7, 9, and 
11 min. After each arranged time, the cake (diameter: 5 cm, thickness: 
0.2 cm) was taken out, cooled rapidly, photographed to monitor color 
change, and analyzed the remaining anthocyanin content (mg/g). The 
experiment was repeated 3 times.

2.4. Effect of Added Extract Concentration and Boiling Time 
on Anthocyanin Stability – A Case Study for Rice Ball Sweet 
Soup (Viên Chè ỉ)
Weigh the fixed weight of glutinous rice flour at 100 g for all 
treatments. Add 75 g of water to the dough. BPF extract was used 
with three different concentrations of 5, 10, and 15% (based on dough 
weight). Knead the dough until smooth and evenly colored. Shape into 
round dough balls with a weight of 5 g each. The glutinous rice balls 
were boiled for 3, 6, and 9 min. Products were taken out according to 
the assigned time. The following operations were similar to those in 
the previous experiment.

2.5. Effect of Added Extract Concentration and Frying Time 
on Anthocyanin Stability – Case Study for Meat Stuffed Rice 
Ball (Viên Thịt)
The mass of the powder was kept constant at 100 g (total dry matter). 
The weight ratio of glutinous rice flour: wheat flour (Bakers’ Choice 
13, Vietnam) was 35:65. Use an additional amount of water of 75 g. 
Supplementation of BPF extract with three different concentrations of 
5, 10, and 15% (based on dough weight). The dough was kneaded until 
smooth and uniform. Weigh each dough ball as 10 g and shaped it with 
the filling (the filling includes ground meat and spices). Perform frying 
in an electric frying pan (IESKIMOS, China) at a fixed temperature of 
150°C with controlled frying times of 2, 4, and 6 min. The following 
operations were similar to those in the previous experiment.

2.6. Effect of Added Extract Concentration and Baking 
Temperature on Anthocyanin Stability – Case Study for Bread
The bread was made in the PETRUS automatic bread machine (China). 
The ingredients were weighed as follows: Flour 290 g, eggs 60 g, 
sugar 22 g, yeast 2 g, salt 3 g, 26 g butter, and 140 g non-sugar fresh 
milk. BPF extract was added with different concentrations [16, 18, and 
20% (w/w)]. The bread was baked at 160, 165, and 170°C with a total 
baking time (including stuffing, incubation, and baking) of 3 h and 
50 min. The following operations were similar to those in the previous 
experiment.

2.7. Effect of Added Extract Concentration and Sterilization 
Temperature on Anthocyanin Stability – Case Study for BPF 
Juice
BPF extract was added to water (water soluble used for drinking) at 3, 
4, and 5%, and using sugar to made the total soluble solid content to 
10° Brix. The juice was filled in glass bottles and sterilized in sterilizer 
(DG-S280C, China) at 125°C with a holding time of 1, 3, 5, and 7 min. 
After controlled times, the products were removed from the sterilizer 
and rapidly cooled to reach the ambient temperature. The following 
operations were similar to those in the previous experiment.

2.8. Effect of Storage Temperature on Anthocyanin Stability 
in BPF Drink
The experiment was designed with two storage temperatures: 28 ± 2°C 
and 6 ± 2°C. With the total time was 3 months, samples were checked 
and analyzed for anthocyanin content after every 1 week of storage.

2.9. Determination of Total Anthocyanin Content (TAC)
TAC was analyzed using the differential pH method described by 
Giusti and Wrolstad [17]. The pH-difference method was based on the 
reaction at pH 1.0 and 4.5, allowing accurate and rapid measurement 
of total anthocyanin. Briefly, 1 mL of the extract was reacted with 
potassium chloride buffer (pH 1.0) and sodium acetate buffer (pH 4.5). 
The mixture was incubated for 15 min. Measure the absorbance of 
each dilution at 510 and 700 nm. The calculation of TAC is based on 
the equation described by these authors.

2.10. Degradation Kinetics of Anthocyanin
The previous studies showed that thermal degradation of anthocyanin 
followed a first-order reaction kinetics [15,18,19]. Storage temperature 
also impacts on anthocyanin degradation [20]. During the long-term 
storage, total and individual anthocyanin degraded following first-
order reaction kinetics at the rate strongly dependent on temperature. 
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The first-order reaction rate constants (k in min−1), the time needed 
for 50% degradation in the visual color and anthocyanin, or half-life 
(t1/2 in min/h/week) was calculated using the following equations 1 and 2.

ln (Ct/Co) = kt (1)

t1/2 = -ln 0.5/k (2)

Where Co is initial anthocyanin content; Ct is anthocyanin content after 
t (min/h) heating/storage at a given temperature and k is the degradation 
rate constant. When the natural logarithm of the residual concentration 
is plotted as a function of the treatment time, the degradation rate 
constant (k) can be estimated by linear regression analysis and the k 
value is derived from the slope of the regression line.

3. RESULTS AND DISCUSSION

3.1. Effect of Added Extract Concentration and Steaming 
Time on Anthocyanin Stability in Bloating Fern-Shaped 
Cake/Thin Cakes (Bánh Bèo) 
The effects of temperature on anthocyanin stability in Bloating 
fern-shaped cake were investigated at a steaming temperature of 
100°C with different concentrations of added extract. When the 
logarithm of the concentration was plotted as a function of time, 
thermal degradation of anthocyanin could be described by a first-
order model with a high regression coefficient (≥0.97) [Figure 1].
After 11 min of the treatments, the anthocyanin degradation was 
ranging from 14.33%, 16.50%, and 20.00% when extract used 15%, 
10%, and 5%, respectively. The degradation rate constant (k) and 
half-life (t1/2) values of anthocyanins in cakes steamed at 100oC 
with different added extract ratios are shown in Table 1. A decrease 
in anthocyanin degradation rate constant (k) was observed when 
the percent of extract used increased, which corresponded to an 

increase in the value of t1/2 when the extract ratios increased from 
5 to 15%.

It is well known that anthocyanin pigments make up a good source of 
natural food colorants. However, they are unstable, where temperature 
is an important factor influencing the stability of this pigment. Larief 
and Dirpan [21] reported that TAC is lost mainly due to destruction by 
heat and during processing. In this case, it has been shown that higher 
utilization ratios of extracts have better retention of anthocyanin with 
the same heating time.

Surh and Koh [22] showed that the steaming process reduced 
anthocyanin content in raw materials, after 1 h of steaming of black 
rice, anthocyanin content was reduced by 88%, this loss was mainly 
due to thermal degradation. The color of the cake added with BPF 
extract after the end of the steaming process has been changed. 
The color of the product gradually faded as the steaming time was 
prolonged, but this change was not significantly different [Figure 2]. 
The product still retained its bright color and high sensory value after 
11 min of steaming. Combined with sensory evaluation, the product 
preference was highest at the percentage of BPF extract used 10% and 
the steaming time was 7 min.

3.2. Effect of Added Extract Concentration and Boiling Time 
on Anthocyanin Stability in Rice Ball Sweet Soup (Chè ỉ)
The anthocyanin content was well maintained in this product over time 
of boiling. With the longest boiling time of 9 min, anthocyanin losses 
were recorded as 7.41, 9.33, and 10.26% with the product supplemented 
with 15, 10, and 5% extract, respectively (data not shown). In the case 
of boiling, the destruction of TAC clearly followed the first-order 
reaction kinetic model with high regression coefficient (≥0.95), the rate 
constant k and half-life values are given in Table 2. Compared with the 
steaming method, the total anthocyanin in the boiled product was better 
maintained, partly due to the shorter cooking time. Less destruction of 
anthocyanin was found in this cooking method and the half-life values 
have been calculated for higher values than steaming. The study of 
Liao et al. [23] showed that boiling and steaming did not significantly 
affect the TAC. Almost all monoacylated anthocyanins increased 
significantly after boiling. However, Burgos et al. [24] reported that 
boiling significantly reduced the TAC but increased the total phenol 
content. Hong and Koh [25] studied on effects of various cooking 
methods on anthocyanin and also confirmed that boiling and steaming 
reduced anthocyanin content. The color of rice-ball sweet soup at 
different ratios of BPF extract and boiling time is shown in Figure 3.

The color of the rice ball sweet soup supplemented with BPF extract 
was changed after boiling. The higher the percentage of BPF extract, 
the darker color was observed in product. The longer the boiling time, 
the lighter the product, but this change did not make a big difference. 
The product still retained its bright color and high sensory value 
after 9 min of boiling. The time of 6 min made the glutinous rice ball 
completely gelatinized, the product was edible at this time.

Table 2: The rate constant and half-life values of anthocyanin degradation 
at boiling temperature (100°C) using different extract ratios.

Percentage of 
BPF extract (%)

The rate constant 
 [k (min-1)]

R2 t1/2 (min)

5 0.0117±0.0017* 0.959 59.24

10 0.0112±0.0017 0.956 61.88

15 0.0090±0.0014 0.954 77.02
*Standard error of regression. BPF: Butterfly pea flower.

Figure 1: The remaining anthocyanin in cake at steaming time using 
different % of extract.

Table 1: The rate constant and half-life values of anthocyanin degradation 
at 100°C of steaming using different extract ratios.

Percentage of BPF  
extract (%)

The rate constant  
[k (min−1)]

R2 t1/2 (min)

5 0.0196±0.0017* 0.983 35.36

10 0.0159±0.0014 0.982 43.59

15 0.0137±0.001 0.984 50.59
*Standard error of regression. BPF: Butterfly pea flower.
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Table 3: The rate constant and half-life values of anthocyanins degradation 
at frying temperature (150°C) using different extract ratios.

Percentage of  
BPF extract (%)

The rate constant  
[k (min−1)]

R2 t1/2 (min)

5 0.0598±0.003* 0.994 11.59

10 0.0597±0.003 0.994 11.61

15 0.0581±0.002 0.996 11.93
*Standard error of regression. BPF: Butterfly pea flower.

3.3. Effect of Added Extract Concentration and Frying Time 
on Anthocyanin Stability in Fried Meat Stuffed Rice Ball 
(Viên Thịt)
The results obtained for fried meat stuffed rice ball for 2, 4, and 6 min 
at 150°C and the addition of different concentration of extract is 
presented in Table 3.

The anthocyanin content of samples after frying at three extract 
concentrations was retained quite high, 69.23, 69.33, and 70.37%, 
corresponding to the concentration of extract added 5, 10, and 15%, 
probably due to the short frying time. The destruction of anthocyanin 
content during frying also followed a first-order kinetics model with a 
high regression coefficient (R2>0.99). It was observed that the higher 
k values, corresponding to a lower half-life values, were obtained 
compared with the steaming and boiling methods. In this case, high 
temperatures rapidly destroy anthocyanin. As indicated, TAC of the 
fried products was lost about 30.77, 30.67, and 29.63% with additional 
extraction ratios of 5, 10, and 15%, respectively. Anthocyanin loss 
in this study was shown to be lower than in other studies performed 
previously. Kita et al. [26] have studied on frying of red- and purple-
fleshed potatoes (Solanum tuberosum L.) that are a good source of 
anthocyanin and reported that frying process caused anthocyanin 
degradation of 38–70%. Rytel et al. [27] found that at a temperature 
of 150°C, chips maintained 35% anthocyanin, while at higher 
temperature (170°C), the product maintained lower content (only 
about 16% original anthocyanin content in raw materials). The effect 
of frying on anthocyanin content in Hwajeon with the change ratio of 
black glutinous rice flour was studied by Jeonghee and Eunmi [28]. 
They showed that Hwajeon maintained up to 60% of anthocyanins 

in the dough after frying, that is, a loss of about 40% after frying. 
The color of cakes with different extraction rates (5–15%) and fried 
at different times (2–6 min) is shown in Figure 4. Although the high 
temperature of frying reduced TAC, the product still maintained a 
nice blue color after 4 min of frying and extract concentration ≥10% 
was used. In a pilot plant testing (20 kg/batch), we also found similar 
results [Figure 5].

3.4. Effect of BPF Extract Ratio and Baking Temperature on 
Anthocyanin Content and Color of Bread
The analysis results of anthocyanin remaining in the bread baked at 
different temperatures (160–170°C) with the same time and extract 
added (16–20%) are presented in Table 4.

The color of bread with added BPF extract and baked at different 
temperatures is shown in Figure 6.

The study results showed that the higher the percentage of BPF 
extract, the higher the anthocyanin content maintained in the products. 

Figure 2: (a) Butterfly pea flowers extract used: 5%, (b) Butterfly pea flowers extract used: 10%, and (c) Butterfly pea flowers extract used: 15%, Product color 
change according to the concentration of extract used and steaming time.

a b

c

Figure 3: (a) Butterfly pea flowers extract used: 5%, (b) Butterfly pea flowers extract used: 10%, and (c) Butterfly pea flowers extract used: 15%, Product color 
change according to the extract concentration used and boiling time.

a b

c
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TAC in bread supplemented with thre concentrations of extract was 
significantly lost after baking (from 47.72% to 59.86%). Anthocyanins 
are destroyed by high temperature. Liao et al. [23] reported that baking 
can be reduced the TAC about 11%.

3.5. Effect of Sterilization Conditions on Anthocyanin Content 
of BPF (Contained in Glass Bottles)
To ensure stable food quality during storage, heat treatment was 
selected. Liquid foods that undergo sterilization will not be damaged 
or harmful to the health of consumers under normal storage conditions. 

To ensure sterility of low-acid bottled/canned food (pH >4.6), it 
should be processed at 121°C for at least 2.4 min [29]. The optimum 
heat treatment time and temperature combination are measured in 
F value; for the reduction of spores of Clostridium botulinum, the 
most heat-resistant pathogen, the minimum F value was 2.52 [30]. 
Our obtained results showed that TAC of BPF juice decreased with 
time of sterilization (at different extract concentrations used). The 
linear regression confirmed the destruction of anthocyanin in juice 
followed by a first-order reaction [Figure 7]. The values of the 
first-order model and the half-life values at the same temperature 
are calculated and given in Table 5. Research results have shown 
that anthocyanin losses were about 28.48, 23.22, and 16.61% after 
9 min of sterilization at 125°C, corresponding to the extract used 3, 
4, and 5%. Combined with color observation, the product maintained 
its beautiful color after 3 min of sterilization. From 5 min on, the 
color decreased significantly. As discussed, 3 min was suitable for 
the sterilization process of this juice, anthocyanin persisted to 82.28; 
90.04; and 91.51% with extracts using 3, 4, and 5%, respectively. 
Nie et al. [31] studied the effect of sterilization on anthocyanin 
in blueberry; it was observed that TAC was decreased 46% by 
sterilization.

3.6. Storage Capacity of BPF Drink at Different Storage 
Temperatures
As expected, anthocyanin contents in juice decrease in time during 
storage at different temperatures. Linear regression confirmed that 
the degradation of anthocyanin in BPF juice was also confirmed 
that the kinetics reaction followed first-order [Figure 8]. The 
rate of degradation of anthocyanin (k) and time of half-life of 

Table 4: The remaining anthocyanin content (%) in bread supplemented with added extract percentage and baking at different temperatures.

Extract (%) – Baking  
temperature (°C)

The remaining  
anthocyanin (%)

Extract (%) – Baking  
temperature (°C)

The remaining 
 anthocyanin (%)

Extract (%) – Baking  
temperature (°C)

The remaining  
anthocyanin (%)

16–0 100 18–0 100 20–0 100

16–160 48.98 18–160 50.51 20–160 52.28

16–165 44.67 18–165 46.06 20–165 48.27

16–170 40.14 18–170 42.02 20–170 44.08

Figure 5: Color of product in pilot plan testing (added 10% extract and fried 
for 4 min at 150°C).

Figure 4: (a) Butterfly pea flowers extract used: 5%, (b) Butterfly pea flowers extract used: 10%, and (c) Butterfly pea flowers extract used: 15%, Product color 
change according to the concentration of extract used and frying time.

a b

c



Thuy, et al.: Journal of Applied Biology & Biotechnology 2022;10(5):143-150148

anthocyanins (t1/2) in the juice after storage was given in Table 6. 
After 12 weeks of storage, anthocyanin content was still maintained 
with relatively high amounts, 80% and 84%, corresponding to 
the losses of 20% and 16% at two storage temperatures 28 ± 2°C 
and 6 ± 2°C were determined, respectively. Beaulieu et al. [32] 
studied on quality and sensory changes in rabbit eye blueberry 
and reported that total anthocyanin decreased of 84.5% and 85.5% 
after 4 months storage in non-clarified juice and clarified juice, 
respectively. Brownmiller et al. [33] studied on blueberry juice 

and reported more than 50% total anthocyanin loss after 6 months 
of storage.

4. CONCLUSION

Research on the stability of anthocyanin helps to suggest suitable ways 
to add BPF extract and control its content in different cooking and 
preservation techniques of some traditional Vietnamese food products. 
The degradation of anthocyanins depends on the cooking and storage 
conditions, the half-life of anthocyanin depends on the cooking method. 
Research results can have direct implications for food businesses 
to help use safe natural colorants instead of synthetic colorants for 
traditional/popular food products, increasing the attractiveness of 
their products and controlling the color degradation, corresponding 
to the loss of anthocyanin content during processing and storage. 
These results also showed that cooking conditions need to be carefully 
applied to maintain the product’s natural color. In addition, further 
bioavailability studies are needed to evaluate the possible benefits of 
these food products on human health.
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