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ABSTRACT 

This paper proposes anthocyanins extraction from Peristrophe bivalvis L. Merr. (“lá cẩm”) and preservation. 
Experiments were performed in water as a solvent using two different extraction methods [conventional 
extraction (CE) and microwave-assisted extraction (MAE)], including different solvent-to-raw material ratios, 
temperatures/microwave power, and times of extraction. The total anthocyanin in the extract was analyzed by 
UV-Vis. Multiple regression analysis was applied to analyze the influence of factors and select the optimal 
parameters for each extraction process. The influence of storage conditions on the quality of extracts from 
“lá cẩm” leaves was controlled. It was observed that the ratio of solvent and fresh leaf used, temperature/
microwave power, and extraction time all affected the anthocyanin content recovered from the extract when 
using different extraction techniques. The MAE technique gave superior results compared to the CE method. 
The solvent used was slightly higher and the extraction time was 6.2 times shorter than that of the CE method. 
The optimal parameters of each extraction technique are selected. With the CE method, the solvent-to-fresh leaf 
ratio was 11.22:1; the optimum temperature and time were 88°C and 27.21 minutes resulting in the anthocyanin 
content in the extract being 25.61 mg/g dry weight basic (db). Meanwhile, with the MAE method, the solvent-
to-fresh leaf ratio used was 10.83:1 (v/w), the microwave power and the optimal extraction time were 600 W 
and 4.39 minutes, and the obtained extract had an anthocyanin content of 30.97 mg/g db. In addition, the extract 
was best preserved in the dark and the storage temperature was −9°C. The remaining anthocyanin content after 
30 days of storage was 92.35%. The anthocyanin degradation kinetics was also analyzed. Changes in total 
anthocyanin followed a zero-order reaction kinetic model. The potential of the half-life of anthocyanin was 
221, 114, and 19 days at −9°C, 4°C, and 28°C, respectively.

1. INTRODUCTION 
Dicliptera tinctoria is the common name for a species 

in the family Acanthaceae (synonym Peristrophe bivalvis (L.) 
Merr. and Peristrophe roxburghiana). It can be called the 
magenta plant or the tree “lá cẩm” in Vietnamese. The leaf extract 
is used to give a beautiful purple color to some Vietnamese foods, 
especially in cakes, sticky rice, and certain types of desserts. In 
traditional Chinese medicine, it has been used in the decoction 
of extracts to treat ailments including cough, dysentery, 
diarrhea, and bronchitis [1]. Besides its healing properties, it 

has also been identified as a potential source of anthocyanins. 
Anthocyanins have been shown to have health benefits due to 
the presence of flavonoids with strong antioxidant activity in 
the metabolic reaction [2]. Several authors have also reported 
on the antioxidant and antimicrobial potential of anthocyanins 
[3–5]. As the range of applications is increasing and the need to 
obtain these compounds increases due to their inherent safety 
and properties, the most common way to obtain anthocyanins 
is to extract them from the plant. In addition, with increasing 
consumer awareness of the necessary healthy eating habits, the 
industry has been trying to find sources of all-natural additives 
that are completely safe but can also carry some health benefits. 
Anthocyanins may be one of a group of compounds that satisfy 
these properties. Therefore, anthocyanins have attracted the 
attention of the scientific community largely. Natural anthocyanin 
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pigments with high antioxidant capacity and biological potential 
will be a good opportunity for the development of new food 
additives and functional foods. Among foods containing high 
levels of anthocyanin pigments, “lá cẩm” that is being grown 
very popularly in Vietnam can also bring about this potential. 
However, the problems that need special attention are the 
extraction technique and how to stabilize and prolong the shelf 
life of this compound after collection. Among the extraction 
methods used, microwave-assisted extraction (MAE) offers 
more advantages such as reduced thermal gradient, increased 
extraction yield, faster heating, and also reduced device size. It is 
considered as a new technology for obtaining useful compounds 
from plant biomass [6,7]. Furthermore, the extraction time of 
bioactive compounds using the MAE technique is less than 
that of conventional extraction (CE) methods. This technique 
also uses fewer organic solvents, so it can be considered as a 
green technology [8]. The aim of this study is to investigate the 
extraction techniques (CE and MAE) of total anthocyanins in “lá 
cẩm” grown at Can Tho University, Vietnam. Despite the great 
potential of natural anthocyanins for use as food colorants, their 
use has been limited due to their relative instability [9]. The shelf 
life of the extract under different storage conditions and kinetics 
degradation were also determined simultaneously.

2. MATERIALS AND METHODS

2.1. Sample Preparation
Peristrophe bivalvis L. Merr. leaves are grown at the 

Can Tho University, Vietnam. Leaves were harvested in the largest 
stage (length: 16–18 cm). After harvesting, the leaves were washed 
with running tap water and drained. The study was conducted in 
two stages: the extract was obtained first by different methods 
(CE and MAE) with influencing factors, material-to-water ratio, 
different temperatures, and extraction time, while the second was 
different conditions for storage of the obtained extract.

This study was conducted from June 2020 to May 2021 
at the Department of Food Technology, Can Tho University, 
Vietnam.

2.2. Extraction Procedures
For each treatment, the fresh leaves were ground using 

a grinder (model SM-450, Lab Sample Mill with separated cup-
300CC, UK). 10 g of the ground leaves was taken and placed in a 
250 ml Erlenmeyer flask to perform different extraction methods.

2.2.1. Conventional extraction (CE)
Extraction was started by mixing ground leaves in 

water, using a 250 ml Erlenmeyer flask with different ratios of 
solvent (water) to leaves of 4:1, 6:1, 8:1, 10:1, and 12:1, extraction 
temperatures (80°C–100°C, interval 10°C), and times (10–40 
minutes, sampling every 10 minutes). Each experiment was 
performed three times.

2.2.2. Microwave- assisted extraction (MAE)
According to the preliminary study (data not shown), 

the extraction process was carried out in a microwave oven (LG 
MS2595DIS, Korea) with a fixed power level of 600 W with the 
ratio of solvent (water) to raw material (leaves) as described above 

(CE method). However, with this method, a shorter extraction 
time was conducted, only 3–6 minutes (sampling every minute). 
Each experiment was performed three times. 

All the extracts obtained from the different methods 
were then centrifuged (Z232K, Hermle, Germany) for 30 minutes 
at 13,000 g at room temperature to obtain the supernatant. The 
clear liquid was obtained after being passed through the filter 
paper (Whatman No. 4, UK). The extract was kept in a glass 
vial covered with aluminum foils under subdued light for 
further analysis.

2.3. Preservation of Extraction 
The extract samples were sealed in 2 ml Eppendorf® 

Safe-Lock microcentrifuge tubes (Merck, Germany) and stored at 
different temperatures and conditions, including −9°C and 4°C, 
and kept at ambient temperature (28°C ± 2°C) in the dark and 
normal condition. The kinetics of anthocyanin degradation was 
determined for 30 days.

2.4. Determination of Total Anthocyanin Content (TAC)
The TAC was quantified using the pH-differential 

method as described by Guisti and Wrolstad [10]. Briefly, 1 ml 
extracted solution reacted with a potassium chloride buffer 
(0.0025 M, pH 1.0) and sodium acetate buffer (0.4 M, pH 4.5). 
The mixture was incubated for 15 minutes. An Agilent Cary 60 
UV-Vis spectrophotometer (USA) was used for measurements at 
510 and 700 nm against a blank cell filled with distilled water. 
The calculation of TAC was expressed as cyanidin-3-glucoside 
equivalents, using Equation 1.

( ) = × × × ×

× ×

A V
a m

Anthocyanin content mg/g
  MW  DF    1,000 

  l   

,

 
 (1)

where A is the absorbance, MW is the molecular weight 
of cyanidin-3-glucoside (449.2 g/mol), DF is the dilution factor, 
V is the solvent volume (ml), a is the molar absorptivity (26,900 
l.mol−1.cm−1), and l is the cell path length (1 cm).

2.5. Data Analysis

2.5.1. Anthocyanin degradation kinetics at different storage 
temperatures 

The stability of anthocyanins was reported in terms of 
degradation rate and half-life. It was found that the degradation 
kinetics of anthocyanins in the case of extraction from the butterfly 
pea flower followed the zero-order reaction (Equation 2) which is 
reported by Charurungsipong et al. [11]. The anthocyanin content 
at a given time at any temperature and its half-life was determined 
using Equation (3).

 = − +C k Ct O  (2)

 =t C / 2O k1 2
 (3)

where Co is an initial anthocyanin content (mg/l), Ct is 
an anthocyanin content (mg/l) at storage time t (days), k is the 
degradation rate constant of anthocyanin (day−1), and t1/2 is the 
half-life of anthocyanins (day).
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The activation energy (Ea), a measure of temperature 
dependence on anthocyanin degradation, can be predicted 
appropriately using the Arrhenius equation [12]:

 =
−k k Ea
RT

exp ,o  (4)

where k is rate constant (day−1), ko is the frequency factor 
(per day), Ea is the activation energy (J.mol−1), R is the universal 
gas constant (8.314 J.mol−1.K−1), and T is the absolute temperature 
in Kelvin (K).

2.5.2. Statistical analysis
Statistical analysis was conducted using 

STATGRAPHICS Centurion XIX (USA) to fit the model to the 
observed data. The proposed model for each response (Y ) was

 = +∑ +∑ +∑= = ≠ =Y b b X b X b X X ,o n n n n nn n n m nm n m1

3

1

3 2

1

3  (5)

where bo is the Y-intercept (constant), bn is the regression 
coefficient for the linear effect of Xn on Y, bnn and bnm are the 
regression coefficients for the quadratic effect on Y, and Xn and Xm 
are independent values.

To select the acceptable condition, the multiple 
regression analysis was used for the data from each reference, 
such as water-to-material ratio, extraction temperature, and time. 
In the multiple regression analysis, the TAC was defined as the 
dependent variable and the water-to-material ratio, temperature, 
and time were defined as the independent variables. The reference 
equation was selected to fit the data based on the R2 value obtained 
from the multiple regressions analysis. 

3. RESULTS AND DISCUSSION

3.1. Optimization Leaves Extraction Conditions
3.1.1. CE

The TAC in the extract was obtained differently when 
the leaves were extracted under different conditions. The TAC 
obtained by the CE method ranged from 9.43 to 28.57 mg/g dry 
weight basic (db). Anthocyanins are the common water-soluble 
pigments in plants, comprising more than 540 species that vary 
in color such as red, orange, purple, and blue [13]. However, 
anthocyanins instability due to exposure to factors such as pH, the 
presence of oxygen, light, heat, and water activity results in the 
degradation or destruction of these compounds [14]. Three factors 
that significantly affect the extraction process are solvent-to-solid 
ratio, temperature, and time (Fig. 1). The extraction efficiency was 
evaluated by the obtained TAC in the extract. The results may 
be due to the physical process of dissolving biologically active 
substances into the solvent. As the amount of solvent increases, 
there is an opportunity for bioactive compounds to interact with 
the solvent resulting in higher permeability. When the solvent-to-
material ratio is large differently, the gradient pressure difference 
between the solvent and the solutes becomes large due to more 
bioactive substances that can be significantly dissolved [9]. At 
the solvent-to-material ratio of 4:1, the solvent volume is too 
low, leading to difficult-to-dissolve anthocyanin constituents. 

Therefore, increasing the solvent-to-material ratio, the obtained 
TAC also increases. However, when extracting with too much 
solvent while the TAC in the raw material is a constant number, 
it would quickly lead to a balance between the phases making the 
extraction efficiency not increase. The yield of the compounds 
to be extracted will not continue to increase once the extraction 
solution has reached equilibrium [15].

The obtained result was similar to the effect of solvent-
to-material ratio on the extraction of anthocyanins from butterfly 
pea flowers by Thuy et al. [16]. The results also indicated that 
TAC in the leaf extract increased when the extraction temperature 
was increased from 80°C to 90°C, but when the extraction 
temperature continued to increase to 100°C, the TAC decreased. 
The reason is that heat treatment increases the solubility and 
diffusion of compounds, decreases solvent viscosity, and 
increases mass transfer and solvent penetration into cells [17]. 
High temperature can reduce cell barriers by weakening cell 
walls and membranes, resulting in easier contact of the solvent 
with substances, increasing the extraction capacity [18]. However, 
the stability of anthocyanins and other food colorants decreases 
with increasing temperature [19]. A temperature that is too high 
makes the −OH groups in anthocyanin molecules less stable and 
degraded, resulting in reducing anthocyanin content. In addition, 
the TAC obtained in the extract tended to increase with increasing 
extraction time from 10 to 30 minutes. When further increasing 
the extraction time to over 30 minutes, the TAC obtained was not 
significantly increased; however, the degradation phenomenon 
occurred. When the extraction time was extended to 40 minutes, 
the TAC decreased in the extract. The previous results showed 
that a too short or too long time would not yield a high TAC. The 
prolonged time increases the contact between the raw materials 
and the solvent; the active ingredients are easier to move to 
the environment. However, if the extraction time is too long, 
anthocyanins in the solvent are also easily oxidized by the factors 
of temperature and atmospheric oxygen [20]. The obtained results 
were similar to the study on the influence of time on the extraction 
of anthocyanins from Bauhinia purpurea by Marpaung et al. [21]. 
The TAC was highest when extraction was at 85°C and extraction 
time 25 minutes. The driving force of the extraction process is the 

Figure 1: The influence of independent variables on anthocyanin content in 
extract under CE.
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difference in the concentration of components in the raw material 
and in the solvent [22]. The influence of the solvent-to-solid ratio, 
extraction temperature, and time on the TAC determined by the 
differential pH method is shown in Figure 2. The independent, 
two-way interactions and square of the factors influenced the 
response variable (p<0.05). The coefficient of variation was less 
than 5%, which means a correct development of the experiment 
procedure and good control of the extrinsic variation [23]. The 
results showed that all nine effects had p values less than 0.05, 
showing a significant effect on TAC in the extract at the 95% 
confidence level.

The analysis showed the results of fitting a multiple 
linear regression model to describe the relationship between 
TAC in extract and nine independent variables (Table 1). It can 
be seen that the p value of the model in the analysis of variance 
(ANOVA) table is less than 0.05, indicating that the relationship 
between the variables was statistically significant at the 95.0% 
confidence level. The R2 statistic indicates that the model as 
fitted explains 82.08% of the variability in the TAC. The adjusted 
R2 statistic, which is more suitable for comparing models with 
different numbers of independent variables, is 81.13%. The 
standard error of the estimate (SEE) shows the standard deviation 
of the residuals to be 1.77. The equation of the fitted model is 
found in Equation (6).

 Anthocyanin (mg/g) = −127.42 + 6.29A + 1.71B +  
2.142C – 0.12A2 – 0.04AB – 0.029AC – 0.007BC –  
0.0117B2 – 0.009C2 (6)

R2 = 82.08%; R2 (adj. for d.f.) = 81.13%; SEE = 1.77. 

The estimated response surface was also obtained 
(Fig. 3) and the highest predicted anthocyanin content was 
reached at 25.61 mg/g when the leaves extract was obtained at 
the solvent-to-solid ratio of 11.22 (v/w) at approximately 88°C for 
27.21 minutes.

3.1.2. MAE
The TAC obtained in the extract during MAE was in the 

range of 17.35–30.64 mg/g db (Fig. 4). Similar to the extraction 
under traditional conditions, the TAC obtained gradually 
increased with increasing the solvent-to-solid ratio. The increase 
in TAC is due to the influence of heat generated in the microwave. 
The radiation causes the cell wall to break down to release 
anthocyanins that exist in the cell towards the solvent, reducing 
the solvent’s viscosity, thereby increasing the speed’s effective 
diffusivity of the solvent and solute. However, the temperature of 
the mixture was increased to a very high degree with prolonged 
use of the microwave, leading to the decomposition of heat-labile 
compounds, a result consistent with the study of Tsai et al. [24] 
where anthocyanins are not suitable for maintenance at elevated 
temperatures. The microwave power can reduce antioxidant 
content [25], causing anthocyanin degradation in the later stage of 
extraction due to high temperature [26]. When extracting for too 
short a time, the temperature affects the solvent and the material 
may not be enough to dissolve the required substances.

However, if the extraction process continues for a longer 
time, the obtained anthocyanin content is significantly reduced. 
This may be due to the heat accumulation that causes a local high 
temperature in the later stages of the microwave process, causing 
destruction of the anthocyanin structure, which accelerates 
anthocyanin resolution [26]. This result is quite similar to that 
reported by Liazid et al. [27] that the optimal time for extraction 
of the TAC from grape skins was 5 minutes (microwave power 
500 W). The Pareto chart showed each of the estimated effects 
and interactions and indicated that there were 95.0% confidence 
intervals for the estimates (Fig. 5). 

The predicted model was also observed with a high 
correlation (R2 = 96.5%). Moreover, the ANOVA table (Table 2) 
also indicated that the model has a p value less than 0.05, which 
confirmed the 95.0% confidence level [Eq. (7)]. 

 Anthocyanin (mg/g) = -18.10 + 5.04A + 9.75B −  
0.188A2 − 0.22AB − 0.84B2 (7)

R2 = 96.5%; R2 (adj. for d.f.) = 96.18%; SEE = 0.7.

The plot shows the effect of factors on the TAC that was 
observed (Fig. 6). In addition, the statistical analysis indicated that 
the optimal conditions for the extraction process under microwave 
were the solvent-to-solid ratio of 10.83 for 4.39 minutes. Under 
these conditions, the TAC reached 30.60 mg/l.

3.1.3. Comparison of the two extraction techniques (CE and 
MAE)

The optimal technical parameters and TAC obtained 
from extraction by the CE and MAE methods are shown in Table 3. 
The CE method had the advantage of being relatively simple and 

Figure 2: The standardized effect of factor on anthocyanin content under 
CE technique. A is solvent-to-fresh leaves ratio (v/w); B is extraction time 

(minute); C is extraction temperature (°C).

Table 1: Analysis of variance for anthocyanin content in extract 
under different CE conditions.

Source Sum of squares Df Mean square F ratio p value

Model 2,430.66 9 270.073 86.55 0.0000

Residual 530.501 170 3.1206 — —

Total (Corr.) 2,961.16 179 — — —

Table 2: Analysis of variance for anthocyanin in extracts under MAE.
Source Sum of 

squares
Df Mean 

square
F ratio p value

Model 702.514 5 140.503 283.52 0.0000

Residual 26.7607 54 0.495569 — —

Total (Corr.) 729.274 59 — — —
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easy to conduct [28]. However, the extraction time is usually quite 
long. MAE has advantages such as reduced processing time, lower 
solvent demand, but higher energy and yield [29,30]. The analysis 
results showed that the extraction of anthocyanins from the leaves 
by the MAE method improved the TAC obtained and reduced the 
extraction time by 6.2 times compared to the results of the CE 
method. During CE, heat transfer occurs from the heated medium 
to the cell’s interior, while the mass transfer of solutes proceeds in 
the opposite direction. In the case of MAE, both the temperature 
and the mass gradient act in the same direction towards the outside 
of the cell, allowing for increased extraction efficiency of high-
value compounds and reduced process time [31].

3.2. Effect of Storage Conditions on Stability of Anthocyanin 
in Leaves Extracts

Both temperature and light also affect the TAC remaining 
in the leaf extract during storage. The obtained results indicated 
that, after 30 days of storage, the color stability of anthocyanins 
decreases during storage as temperature rises and exposure to light 
(Fig. 7). 

At low temperatures (−9°C and 4°C), the extracts 
retain their natural color while, at room temperature, the color is 
changed quite a lot, especially when storing under natural light 
conditions. A small change in the TAC was observed during 30 
days of storage, with the losses calculated from 7.65% to 15.43% 

at −9°C and 4°C, respectively, which is in agreement with the 
results of Turker et al. [32] and Xiu-li et al. [33] in the study of the 
stability of anthocyanin-based extracts from purple sweet potato 
and fermented black carrot. They found that purple sweet potato 
extract displayed good thermal stability during 30 days of storage 
at 4°C and 20°C [33] and the highest anthocyanin retention was 
observed at 4°C storage temperature [32]. Hellström et al. [34] 
also confirmed that the half-life (t½) of anthocyanins in berry 
juices stored at different temperatures was much shorter at room 
temperature than at cold storage. In addition, at higher temperature 
storage (at 28°C and different conditions) in our experimental 
design, the TAC in leaves extracts degraded very quickly, and the 
losses were found to be more than 30%. Increasing temperature 
can cause dissociation of the anthocyanin-copigment complex, 
thereby a loss of color [35]. Light exposure has been shown to 
be an important determinant of anthocyanins instability [36]. Our 
results indicated that light exposure can intensively weaken the 

Figure 3: Estimated response surface plot for anthocyanin in extracts under CE. 

Table 3: Effect of extraction method on technical parameters 
and anthocyanin content obtained when extracting anthocyanins 
from leaves.

CE MAE

Solvent-to-solid ratio (v/w) 11.22/1 10.83/1

Extraction time (minutes) 27.21 4.39

Anthocyanin content (mg.g−1) 25.61 30.60 Figure 4: The influence of independent variables on anthocyanin content under 
MAE technique. 
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anthocyanins’ stability. The resultant color stability of extract has 
also been affected. At the same temperature (28°C), TAC losses 
of about 33.23% and 42% when the extract was stored in a dark 
place and normal light, respectively, during 30 days of storage 
were recorded. It was observed that a suitable condition for the 
storage of P. bivalvis L. Merr. leaves extract is in a dark place, 
which is in agreement with the results of Xiu-li et al. [33]. The 
degradation profiles of anthocyanins at different temperatures are 
illustrated in Figure 8. 

It was found that the TAC decreased with the longer 
storage time. Degradation of the TAC in extracts during storage 
could be described by a zero-order kinetic model, as shown. A 
significant increase in the degradation rate (k) was observed when 
the temperature increased (Table 4). The degradation rate constant 
(k) increased almost twice when the temperature increased from 
−9°C to 4°C and 2.33 times as temperature increased from 4°C to 
28°C. The half-life (t1/2) of anthocyanins at different temperatures 
storage was also calculated. From the data obtained, it was clearly 
shown that the value of t1/2 significantly decreased from 221 to 114 
and 49 days, which corresponded to an increase in temperatures 
from −9°C to 4°C and 28°C.

A significant increase in the half-life of anthocyanins 
could be obtained by lower temperature of storage (p<0.05). The 

highest retention of the TAC was found at −9°C with a half-life of 
221 days. A similar result was described by Wojdyło et al. [37]; the 
half-life value of anthocyanins in cloudy sour cherry ranged from 
64.7 to 188.5 days at 4°C. However, our obtained results showed 
a faster rate of anthocyanin degradation as compared with those of 
fermented carrot and black carrot juice samples stored at the same 
temperature (4°C) as reported by some previous studies. Turker et al. 
[32] found that the highest anthocyanin retention in fermented carrot 
was observed at 4oC and a half-life between 231 and 239 days. Kırca 
et al. [38] reported that the t1⁄2 value of the anthocyanin of black 
carrot juice concentrate at 64 Brix at 4°C was 1,505 days; it was 
much higher than our t1⁄2 value. The differences between t1⁄2 values 
may be due to the difference of order reaction [39]. Each compound 
displayed its own specific decomposition, related to sugar binding 
and storage temperature. Activation energy, Ea, is the minimum 
energy that molecules must have in order to react to form products. 
The slope of the Arrhenius plot can be used to find the activation 
energy (Fig. 9). From this study, our activation energy value was 
calculated as 26.14 kJ.mol−1 which was lower than those reported 
for fermented black carrot anthocyanin (11.11–11.64 kcal/mol or 
46.44–48.65 kJ.mol−1) at 4°C, 25°C, and 40°C [32] and Hibiscus 
anthocyanin (13–62.70 kJ.mol−1) at 4°C and 30°C [40]. Since a high 
activation energy value indicates a higher sensitivity of the reaction 
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rate to temperature, the degradation of anthocyanins in our leaves 
extract seems to be less susceptible to temperature elevation than 
that of fermented black carrot and Hibiscus anthocyanin.

4. CONCLUSION
Extraction conditions strongly affected the TAC in 

the extract from “lá cẩm” leaves. The results showed that the 
MAE technique improved the TAC obtained and reduced the 
extraction time. The half-life values obtained from the zero-order 
degradation kinetic model suggest that the P. bivalvis L. Merr. 
leaves extract should be kept at a low temperature for long-term 
storage or kept in the dark at room temperature for short-term use. 
The freezing temperature could be minimized in total anthocyanin 
degradation. The success of this research could open up many 
fruitful applications in different food sectors. This finding could 
be applied to increase the stability of natural colorants from the P. 
bivalvis L. Merr. (lá cẩm) leaves extract in the food and beverage 
industries where extraction and storage conditions are involved.
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