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The Clitoria ternatea flowers, a prevalent local commodity in Indonesia, are 
extensively found, particularly in the East Java region. One approach to enhance 
the utility and economic significance of these flowers involves isolating their 
active component, specifically anthocyanin. Anthocyanins have several health 
benefits, especially in preventing cardiovascular disease, improving vision, and 
being anti-diabetic, anti-inflammatory, and anti-cancer. The isolation methods 
used in this research were conventional solvent extraction (CSE) and ultrasonic-
assisted extraction (UEA) methods. The use of UAE has been experimentally 
proven to accelerate the extraction rate of bioactive compounds. This dal is caused 
by a driving force in the form of energy produced from bubble cavitation resulting 
from ultrasonic energy. The specific aim of this study was to compare the 
effectiveness of the two methods in anthocyanin isolation. The extraction stages 
were carried out at 30, 40, 50, 60, and 70°C operating temperatures, with an S/L 
ratio of 1:10, 1:15, 1:20:1:25, and 1:30 with samples conditioned in dry and wet 
conditions. The optimal conditions for ultrasound-assisted extraction (UEA) 
involve dry samples with a S/L ratio of 1:30 at a temperature of 70°C with the 
resulting final concentration of 16.5234 g/L. This configuration ensures an 
efficient extraction process, completed in less than 30 minutes, thereby 
preventing the degradation of anthocyanins. Analysis indicates that the 
extraction process adheres to a second-order kinetic model with a constant (k) of 
0.1039. Stability testing revealed that the first–order kinetic model accurately 
represents the impact of temperature on anthocyanin degradation. 

 

1. Introduction 

Food colorants are crucial in modifying or imparting 
hues to food to enhance its appeal to consumers [1]. Food 
coloring is categorized into natural and artificial types 
based on its source of origin. Artificial colorant are 
typically synthesized from derivatives of coal tar and 
predominantly comprise azo groups, whereas natural 
colorant are obtained through extraction from plants, 
animals, and microorganisms [2, 3, 4]. Presently, the 

utilization of artificial colorant in the food industry is 
subject to extensive deliberation, particularly concerning 
the potential hazards to both short-term and long-term 
human health. These risks encompass metabolic 
disturbances, induction of cellular mutations leading to 
carcinogenesis, gastrointestinal toxicity, respiratory 
ailments, and various additional adverse effects [5]. 
Beneath these circumstances, natural colorant are 
purported to exhibit a diminished level of risk and offer 
potential health advantages. Natural food colorant 

http://ejournal.undip.ac.id/index.php/ksa
mailto:megamustikaningrum@umg.ac.id
https://doi.org/10.14710/jksa.27.11.549-559
http://crossmark.crossref.org/dialog/?doi=10.14710/jksa.27.11.549-559&domain=pdf


 Jurnal Kimia Sains dan Aplikasi 27 (11) (2024): 549-559 550 

frequently encompass pigments such as anthocyanins, 
carotenoids, chlorophyll, and various other bioactive 
compounds [6]. A multitude of scientific studies have 
consistently reported the potential health benefits 
associated with anthocyanins, in addition to their role as 
natural colorants [7, 8, 9]. As a result, the acquisition of 
natural colorant for utilization as natural colorants has 
emerged as a growing field of research [10]. 

Nevertheless, at an industrial scale, the extraction of 
natural colorant encounters numerous challenges, 
primarily arising from their inherent instability under 
elevated temperatures, pH variations, bacterial presence, 
oxidative processes, and other factors [11, 12]. 
Furthermore, challenges emerge from the limited 
accessibility of relatively expensive natural raw 
materials, necessitating the prioritization of appropriate 
extraction techniques to minimize production costs. 
Several established techniques employed in the 
extraction process encompass conventional solvent 
extraction (CSE), microwave-assisted extraction (MAE), 
ultrasound-assisted extraction (UAE), and various others 
[13]. From a technical perspective, conventional solvent 
extraction (CRE) encounters challenges such as elevated 
solvent consumption and lengthy processing times. 
Moreover, these prolonged processing times can lead to 
detrimental degradation of the targeted bioactive 
components intended for extraction. Given these 
limitations, the constraints have driven the exploration of 
alternative techniques, leading to the development of 
innovative approaches that serve as substitutes for 
conventional solvent extraction (CRE). 

Among these alternatives, ultrasound-assisted 
extraction (UAE) is a particularly promising approach. 
The application of ultrasound induces enhanced solvent 
penetration into the material matrix, concomitant with 
the disruption of the biological cell wall. Additionally, 
ultrasound contributes to reduced energy consumption 
during the process, owing to the mechanical momentum 
facilitating matrix breakdown more efficiently than 
thermal effects. Notwithstanding the inherent 
advantages of ultrasound-assisted extraction (UEA), 
optimizing this process necessitates meticulous 
consideration of critical parameters, including time, 
temperature, solid-liquid ratio, and ultrasound power. 
Moreover, it is important to consider the control factors 
that influence the raw materials’ physical properties. 
Several previous studies have tried to explore various 
applications of extraction technology, especially for 
natural colorant, which in this research are natural 
anthocyanin compounds (Table 1). 

This research aims to conduct a comprehensive 
investigation into the recovery of color compounds, 
specifically focusing on anthocyanins, from Clitoria 
ternatea flowers using two distinct techniques: 
conventional solvent extraction (CSE) and ultrasound-
assisted extraction (UAE). Several independent 

parameters are used in research, such as solid-liquid 
ratio, temperature, and raw material conditions. These 
parameters are anticipated to offer insights to address the 
limitations inherent in yield considerations and the 
maximum achieved concentrations outlined in Table 1. 

2. Experimental 

2.1. Raw Material and Chemicals 

The raw materials, Clitoria ternatea flowers, were 
procured from a local market in Surabaya, East Java, 
Indonesia. The floral crowns were isolated from the rest 
of the flower material and then further divided into wet 
and dry portions for subsequent processing. The floral 
crowns that were previously separated underwent a 
drying process using a circulating oven at a temperature 
of 60°C for 24 hours (Memmert GmbH, UF55). 
Subsequently, the dry ingredients were subjected to 
grinding (Philips HR1393/90 Chopper Daily) and sieving 
(Retsch, Mesh 40). Conversely, the remaining portion 
underwent direct grinding and sieving without drying. 
Moreover, dry and wet materials were stored in 
hermetically sealed containers, ensuring protection from 
direct sunlight exposure. 

High-purity water, serving as the solvent, is 
obtained through the purification of raw water using a 
reverse osmosis (RO) system, resulting in the attainment 
of high-purity water with a conductivity of 
approximately ±15 μS. The reagents employed for 
measuring the total anthocyanin content comprised 
potassium chloride (KCl), hydrochloric acid (HCl), and 
sodium acetate (CH3COONa), all of which were sourced 
from Sigma-Aldrich (Singapore). All reagents used in this 
research were of analytical grade, eliminating the need 
for additional purification steps. 

2.2. Extraction Experiments 

2.2.1. Conventional Solvent Extraction (CSE) 

The conventional solvent extraction (CSE) research 
incorporated two methods: (1) maceration and (2) Soxhlet 
extraction. Maceration was conducted using a constant 
solvent volume of 200 mL, with the solid/liquid ratio 
varied across five levels: 1:10, 1:15, 1:20, 1:25, and 1:30 (For 
example, 1 g of solid in 10 mL of solvent, and so on for all 
variations). The maceration process lasted 24 hours with 
continuous stirring at 300 rpm at room temperature 
(28±3°C). The Soxhlet method employed the same 
solid/liquid ratios as the maceration method, with a 
duration of 2 hours. However, the evaporation process in 
the Soxhlet extraction featured temperature variations in 
the cycle, specifically at 40, 50, 60, and 70°C. Following 
the extraction methods, both techniques involved the 
separation of solid and liquid phases using vacuum 
filtration (Hawach, BIO-1-090). The liquid phase was 
subsequently concentrated using a rotary evaporator (B-
One, RE-2000A) at 40°C with a rotation speed of 40 rpm 
for 2 hours. 
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Table 1. Several research studies are on extracting natural colorant (anthocyanins) using various methods 

Extraction method Optimum operating conditions 
Amount of 

anthocyanin 

Anthocyanin content 
(mg cyanidin-3-

glucoside/g) 
Ref. 

Maceration-assisted by 
heat (CRE) 

Solvent = Water 
S/L ratio = 1:20 

Temperature = 60°C 
Time = 60 min 

56.1% 4.0 [14] 

Maceration-assisted by 
heat (CRE) 

Solvent = Water 
S/L ratio = 0.125:25 

Temperature = 40°C 
Time = 30 min 

2% - [15] 

Microwave-assisted 
extraction (MAE) 

Solvent = Water 
S/L ratio = 1:20 

Microwave power = 770 W 
Time = 1 min 

- 30.9 [16] 

Ultrasound-assisted 
extraction (UEA) 

Solvent = Water 
S/L ratio = 1:20 

Temperature = room 
temperature 

Time = 60 min 
Ultrasonic power = 560 W 

36.1% 4.2 [14] 

Maceration (CRE) 
Solvent = Water 

S/L ratio = 1:16.67 
Time = 24 hours  4,841 [17] 

Maceration-assisted by 
heat (CRE) 

Solvent = Water 
S/L ratio = 1:20 

Temperature = 60°C 
Time = 20 min 

 0.058 [18] 

Maceration-assisted by 
heat (CRE) 

Solvent = Ethanol 
S/L ratio = 1:23 

Temperature = 60.6°C 
Time = 46 min 

132.756 mg/L - [19] 

Maceration-assisted by 
heat (CRE) 

Solvent = Water 
S/L ratio = 1:37 

Temperature = 54°C 
Time = 74 min 

45.5% - [20] 

Microwave-assisted 
extraction (MAE) 

Solvent = Ethanol 
S/L ratio = 1:15 

Temperature = 60°C 
Time = 15 min 

49.97% - [21] 

Maceration-assisted by 
heat (CRE) 

Solvent = Water 
S/L ratio = 1:33.33 

Temperature = 60°C 11.6 g/mL - [22] 

Maceration-assisted by 
heat (CRE) 

Solvent = Water 
S/L ratio = 1:20 

Temperature = 70°C 
Time = 45 min 

34.98 mg/L - [23] 

Ultrasound-assisted 
extraction (UEA) 

Solvent = Water 

Temperature = 74°C 
Time = 56.88 min 

S/L ratio = 1:20 
Ultrasonic power = 490 W 

15.01 % 
39.90 mg/L 

- [23] 

Microwave-assisted 
extraction (MAE) 

Solvent = Water 
S/L ratio = 1:20 

Microwave power = 400 W 
Time = 5 minutes 

14.11 % 
39.34 mg/L 

- [23] 

Maceration-assisted by 
heat (CRE) 

Solvent = Water 
S/L ratio = 1: 20 

Time = 60 min 
Temperature = 60°C 

71.1 % 4.88 [24] 

Pectinase Extraction 
Solvent = Water 

Pectinase 3% (w/v) 
S/L ratio = 1: 15 

Time = 30 min 
Temperature = 50°C 

27.8 % 0.62 [24] 

Ultrasound-assisted 
extraction (UEA) 

Solvent = Water 
S/L ratio = 1: 15 

 

Time = 30 min 
Temperature = 50°C 

40.3 % 7.00 [24] 

Microwave-assisted 
extraction (MAE) 

Solvent = Water 
S/L ratio = 1: 15 

Time = 30 min 
Temperature = 50°C 

37.2 % 9.61 [24] 
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Figure 1. Detailed mechanistic phenomena of ultrasound-assisted anthocyanin extraction 

2.2.2. Ultrasound-assisted Extraction (UAE) 

Ultrasound-assisted extraction (UAE) is conducted 
using an ultrasonic apparatus (Elma Schmidbauer GmbH, 
Elmasonic S30H [Ultrasonic frequency = 37 kHz; 
Ultrasonic power effective = 80 W]), with operating 
temperatures varied similarly to those employed in 
Soxhlet extraction. However, in UEA, external heat energy 
is added during the process, necessitating careful 
consideration of the operating temperature. In this case, 
the set operating temperature aligns precisely with CSE. 
Nonetheless, the UEA process is shortened to 30 minutes. 
Specifically, a longer extraction process of 4 hours was 
used for kinetic studies. Following the extraction, the 
subsequent steps involve solid-liquid separation, which 
is performed like CSE procedures. 

2.3. Total Monomeric Anthocyanins 

The total anthocyanin content was determined using 
the classical pH differential method, and absorbance 
readings were taken with high-purity water as the control 
for baseline comparison [25]. The total monomeric 
anthocyanin (MA) content was determined by measuring 
the extract solution’s UV – Vis absorption using a Thermo 
Scientific Genesys 10S spectrophotometer. The MA 
species is specifically represented by cyanidin-3-
glucoside, characterized by a molar extinction coefficient 
(26900 L.cm-1.mol-1) and a molecular weight (449.2 
g.mol-1). The total MA content was determined by 
measuring the extract solution’s UV-Vis absorption (A). 
Sample analysis was conducted at a wavelength (λ) of 510 
nm under two distinct pH conditions, pH 1.0 and pH 4.5. 
Additionally, standard measurements were performed at 
λ = 700 nm, and the final values were determined using 
Equations (1) and (2). 

 Ra =
ma/L

ma/S
=

Ca/LmL

Ca/SmS
  (1) 

Where, ma/L and ma/s denote the overall mass of 
monomeric anthocyanins, while Ca/L and Ca/S refer to the 
concentrations of anthocyanins in liquid and solid 
samples, respectively. Furthermore, mL and mS represent 
the mass of a liquid and a solid, respectively. 

2.4. Natural Colorant Stability 

2.4.1. Thermal Stability 

A set of concentrated natural colorant samples with 
previously determined concentrations was stored and 
distributed into four test jars. Stability tests were 

conducted at temperatures of 10, 40, 50, and room 
temperature (28±3°C). Moreover, each test jar was 
covered with aluminum foil to shield it from light 
exposure. Sampling was carried out at certain time 
intervals, and total MA was measured. 

2.4.2. UV-C Light Exposure Stability 

A set of concentrated natural colorant samples with 
previously determined concentrations were stored and 
distributed into a single jar. Subsequently, the jar was 
placed inside an ultraviolet light (UV-C; 254 nm) 
exposure chamber (Philips, TUV6W), incorporating an air 
circulation system to maintain a controlled temperature. 
The chamber was also equipped with a lux meter 
(Fisherbrand™, light meter) for measuring light 
intensity. Sampling was conducted at certain time 
intervals, and total MA was measured. 

2.5. Extraction Kinetic Model 

This research’s modeling approach was exclusively 
centered on the UAE, considering multiple potential 
phenomena and their associated mass transfer 
mechanisms. Furthermore, the model developed by 
Bonfigli et al. [13] was also applied with several minor 
modifications. Kinetic studies were conducted to 
determine the rate at which adsorption occurs to reach 
equilibrium. 

2.5.1. Development of a Mechanistic Ultrasound-
assisted Extraction (UAE) Model 

The model’s development assumes that the particles 
within the Clitoria ternatea flower sample (particle 
matrix) are extremely small. Consequently, the active 
anthocyanin component can readily diffuse out of the 
matrix when subjected to high-pressure bubbles 
generated by ultrasonic cavitation. This facilitates the 
rapid release of the active anthocyanin components into 
the solvent. Furthermore, the consistently resonating 
acoustic waves effectively position the resulting bubbles, 
promoting the creation of a uniform solvent flow pattern. 
Additionally, the transfer of bubbles carrying the active 
anthocyanin components to the liquid body does not 
compromise the integrity of the anthocyanin structure. 
Lastly, equilibrium becomes pertinent when a saturated 
fluid body can no longer accommodate additional active 
anthocyanin components. An illustration of the UAE 
mechanism can be seen in Figure 1. Based on macroscopic 
observations, the mass balance in liquid bodies and solid 
matrix particles can be written in Equations (2) and (3). 
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The mass balance in liquid bodies (Equation (2)). 

 dCa

dt
= −

k a m

V
 (Ca − Ca

∗) (2) 

The mass balance in solid matrix bodies (Equation 
(3)). 

 dXa

dt
= k a (Ca − Ca

∗) (3) 

Where, m is the mass of Clitoria ternatea flower samples, 
k is the extraction speed constant (m/min), a is the 
surface area of samples (m2), Ca is the anthocyanin 
concentration (g/L), dCa/dt is the anthocyanin 
concentration in the liquid, and dXa/dt refers to the rate of 
change of anthocyanin concentration within the particle 
matrix. Ca* is the anthocyanin concentration at the film 
layer, which cannot be directly measured. Instead, Ca* is 
estimated using the partition coefficient described in 
Equation (4). 

 Xa = K Ca
∗ (4) 

Although not the primary focus of this research, 
several other kinetic models, including the second-order 
rate model and Peleg’s model, were also examined. This 
exploration highlights the diverse mechanistic 
approaches under investigation. 

2.5.2. The Second-order Rate Model 

The second-order rate model is extensively 
employed in solid-liquid extraction processes due to its 
ability to effectively represent data and underlying 
mechanisms. In its differential form, it expresses 
concentration as a function of time, as shown in Equation 
(5) [26]. 

 dCt

dt
= k(Cs − Ct)

2 (5) 

Where, Ct represents the concentration of anthocyanin in 
the liquid phase at a specific extraction time (t), CS 
denotes the saturation concentration of anthocyanin in 
the liquid (g.L-1), and k is the second-order extraction rate 
constant (min-1). To ascertain the kinetic parameters, 
Equation (5) is integrated concerning the boundary 
conditions, from Ct = 0 to Ct and t = 0 to t, resulting in its 
expression as Equation (6). 

 t

Ct
=

1

kCs
2 +

t

Cs
=

1

h
+

t

Cs
 (6) 

Where, h represents the initial extraction rate as t and Ct 
approach 0. The rearranged expression for the 
concentration of extractable substances at any given time 
is represented in the final Equation (7). 

 Ct =
1

(1
h⁄ )+(t

Cs
⁄ )

 (7) 

The second-order extraction rate constant (k) can be 
experimentally determined by plotting t/Ct against t as in 
Equation (6) and analyzing the resulting graph’s slope 
and intercept. 

2.5.3. Peleg’s model 

Peleg’s empirical model was applied to extract 
anthocyanins from solid matrices in a solid-liquid 
process, as represented in Equation (8). 

 Ct = C0 +
t

K1+K2t
 (8) 

Where, K1 is Peleg’s rate constant (min.L.mg-1) and K2 is 
Peleg’s capacity constant (L.mg-1). C0 represents the 
initial anthocyanin concentration at the start of the 
process, with fresh solvents consistently used in this 
research. Equation (8) is then transformed into the final 
form, as shown in Equation (9). 

 Ct =
t

K1+K2t
 (9) 

The constants K1 and K2 are determined by plotting 
and analyzing the experimental data using Equation 9. 

2.6. Colorant Degradation Kinetic Model 

In this research, the degradation of monomeric 
anthocyanins was studied using two kinetic models: 
(1) first-order kinetics and (2) the Weibull model. The 
first-order kinetics can be described by Equation (10). 

 Ct = C0 exp(kt) (10) 

Where, C0 is the monomeric anthocyanin concentration 
(mg.L-1) at time t = 0; Ct is the monomeric anthocyanin 
concentration at time t; k is the degradation rate constant 
(min-1); and t is the degradation time (min). The first-
order kinetics model was chosen because this model can 
describe the value of the velocity rate of an equilibrium 
phenomenon, which can be adjusted to trends in research 
data. The decrease in data resulting from degradation can 
be calculated by linearizing the data using Equation 10. 
The Weibull model (Equation 11) incorporates scale 
parameters (α) and shape parameters (β) of the 
monomeric anthocyanins into the kinetics of 
degradation. The Weibull model was chosen to compare 
kinetic parameters based on regression results. 

 Ct = C0 exp [− (
t

α
)

β
] (11) 

The curve exhibits a concave upward shape when β<1, 
a concave downward shape when β<1, and a linear shape 
when β=1. This implies the Weibull model equation 
resembles the first-order kinetic equation for β = 1. 

3. Results and Discussion 

Successful research has been conducted on the 
extraction of anthocyanins from Clitoria ternatea flowers. 
The findings from CSE methods, specifically maceration 
and Soxhlet extraction, are presented initially. 
Subsequently, the discussion extends to UAE, 
incorporating the formulation of an extraction model to 
facilitate simultaneous extraction and degradation of 
anthocyanins. Finally, the study investigates the stability 
of anthocyanins concerning temperature and UV-C light 
exposure. 

3.1. Maceration and Soxhlet Extraction 

In this section, we compare the anthocyanin 
concentrations obtained from wet and dry butterfly pea 
flower samples using the maceration technique. The 
optimal results from the maceration stage are followed by 
a comparison of the effect of temperature on anthocyanin 
extraction based on Soxhlet extraction. 
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Figure 2. Anthocyanin extraction using CSE: (a) and (c) 
maceration, (b) and (d) Soxhlet extraction (fixed ratio of 

S/L = 1:25) 

In Figure 2a, the extraction of anthocyanins through 
maceration techniques is depicted at varying S/L ratios. 
Generally, an increase in solvent volume corresponds to a 
higher anthocyanin extraction. However, this study 
reveals that the peak anthocyanin concentration occurs at 
S/L=1:25. This phenomenon is attributed to reaching 
equilibrium at this ratio, wherein further solvent 
increment diminishes the anthocyanin concentration [19, 
23, 24]. Emphasizing the reliance of maceration 
extraction on the diffusion process, it operates effectively 
when the solvent diffusion penetrates the solid matrix at 
the optimal S/L ratio, ensuring complete extraction of 
anthocyanins from the matrix [27]. In addition, Figure 2a 
highlights that dry samples exhibit a superior ability to 
release anthocyanins compared to wet samples. This 
observation is closely linked to the presence of water 
trapped in the sample matrix, which impedes the ongoing 
extraction process. This consistent pattern is evident 
across all S/L ratios employed [28]. 

Hence, when employing the Soxhlet extraction 
method, the impact of S/L variations can be disregarded 
by adopting a fixed ratio of S/L = 1:25. The primary focus 
of this method is on the effect of extraction temperature, 
as detailed in Figure 2b. As depicted in Figure 2b, the 
anthocyanin concentration in Soxhlet extraction at 30°C 
closely mirrors that of the maceration method conducted 
at room temperature. However, with a temperature rise of 
10°C, specifically at 40°C, the highest anthocyanin 
concentration was observed, gradually diminishing at 
temperatures of 50, 60, and 70°C. This trend is intricately 
linked to the optimal extraction temperature, where the 
solvent can extract the anthocyanin without inducing 
structural damage due to excessive heat exposure [29, 
30]. 

Table 2. Calculated variable quantities and units 

Parameter Unit Value 

Mass (m) gr 20 ± 0.15 

Volume (V) L 0.2 ± 0.01 

Surface area (a) m2.gr-1 0.75 ± 0.03 

 

Figure 3. Effect of S/L ratios on anthocyanin extraction 
via UAE at 30°C: (a) wet sample and (b) dry sample 

3.2. UAE Extraction 

Anthocyanin extraction through UAE was conducted 
at 30°C on both dry and wet samples, employing various 
S/L ratios, as depicted in Figures 3a and 3b. Across all S/L 
ratios, a consistent pattern was observed, displaying a 
classic behavior wherein an augmentation in the S/L ratio 
corresponds to an increase in the extraction rate. 
Anthocyanin yields exhibit an asymptotic increase, 
approaching equilibrium concentrations [29]. This 
differs from the outcomes of the maceration technique, 
where the solvent optimization is evident only at a 
specific S/L ratio [31]. Nevertheless, a discernible 
distinction emerged between wet and dry samples: in wet 
samples, higher S/L ratios significantly improved the 
extraction rate due to the solvent’s ability to displace 
anthocyanins from the particle matrix. In dry samples, 
however, extraction occurred more rapidly, diminishing 
the impact of increased S/L ratios. These findings align 
with prior studies on the influence of S/L ratios in UAE 
across different materials [32, 33]. 

Enhancing the rate of anthocyanin extraction can be 
achieved by elevating the extraction process temperature. 
A temperature range of 30-70°C was systematically 
applied to assess its impact on the extraction rate. The 
outcomes for both wet and dry samples are depicted in 
Figures 4a and 4b, respectively. The findings indicate a 
notable acceleration in the extraction rate with increasing 
temperature. Nevertheless, a disparity in the efficacy of 
temperature elevation exists between the two sample 
types, revealing a fundamental limitation attributed to 
the water content composition within the particle matrix. 
This tendency is more consistently observed in wet 
samples and tends to be less apparent in dry samples. 

A notable decrease in anthocyanin concentration was 
observed after 25 minutes of processing, suggesting 
potential decomposition or damage to the anthocyanins 
due to excessive heat exposure. A more comprehensive 
understanding of this phenomenon becomes apparent 
after a 4-hour extraction process, as illustrated in Figure 
5. In Figure 5, it is evident that heat exposure at 
temperatures of 30°C and 40°C exhibits a milder pattern 
compared to 50-70°C, allowing for a comparative 
analysis of the rate of anthocyanin degradation over time. 
This observation is consistent with the findings of Nhut 
Pham et al. [19], who demonstrated that anthocyanin 
degradation accelerates at higher temperatures. Given the 
complexity of anthocyanin degradation, heat processing, 
particularly above 50°C, may trigger unforeseen and 
potentially undesirable chemical reactions. 
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Table 3. Tabulation of extraction modeling results of anthocyanin extraction for 30 minutes 

Kinetic model Parameter 
Temperature (°C) 

30 40 50 60 70 

The second-order rate model 

k (min-1) 0.0901 0.1440 0.1223 0.0977 0.1039 

r2 0.9955 0.9981 0.9976 0.9984 0.9988 

SSE 0.0194 0.0067 0.0060 0.0031 0.0018 

The Peleg’s model 

K1 (min-1.L. g-1) 0.1487 0.0995 0.1058 0.0604 0.0468 

K2 (L.g-1) 0.1011 0.0903 0.0758 0.0668 0.0588 

r2 0.8707 0.9475 0.9759 0.8954 0.8943 

SSE 0.3223 0.0990 0.0915 0.2765 0.2933 

Proposed UAE kinetics model 

k (m.min-1) 0.0055 0.0058 0.0064 0.0070 0.0078 

r2 0.9789 0.9722 0.9798 0.9693 0.9679 

SSE 0.0211 0.0228 0.0202 0.0307 0.0321 

*MATLAB R2023b software was employed to perform calculations, utilizing the Curve Fitter APPS available within the software. The 
chosen solving algorithm for Nonlinear Least Squares is Trust-Region. 

 

Figure 4. Effect of temperature on anthocyanin 
extraction via UAE at S/L=1:30; (a) wet sample, (b) dry 

sample, (c) anthocyanin concentration, and (d) 
extraction yield 

 

Figure 5. Effect of temperature on anthocyanin 
extraction via UAE after 4 hours (S/L = 1:30, dry sample): 

(a) for 30-40°C, (b) for 50-70°C 

3.3. Kinetics of Ultrasound-Assisted Extraction (UEA) 

The kinetics study of colorant extraction, 
represented by anthocyanins, from the Clitoria ternatea 
flower matrix was conducted on dry samples with an S/L 
ratio of 30. As shown in Figure 6, the kinetic model 
described by Equations (2–4) does not provide a fairly 
good approximation. The details about the extraction 
process conditions are outlined in Table 2, and the 
estimated data align closely with the actual experimental 

results. The solution to the simultaneous model of 
Equations (2–4) was obtained using the ode15s and 
lsqnonlin toolboxes in MATLAB R2023b. Based on the 
calculated results, the influence of the temperature 
variable used during extraction affects the extraction 
speed. The greater the operating temperature value used 
in this case, the faster the extraction speed is constant, 
and the extraction results are processed at the end of the 
process. 

Various mathematical models were tested to validate 
the results further, as detailed in Table 3. Based on the 
coefficient of determination and sum of squared error 
values presented in Table 3, it is evident that the model 
proposed in this research is inadequate for predicting the 
data related to UAE. In contrast, the second-order rate 
model consistently produces favorable results, effectively 
representing and predicting the data. However, Peleg’s 
model demonstrates consistency in only a limited 
number of experiments, suggesting that the methodology 
employed in formulating the current model may be 
insufficient to encapsulate the intricacies of the actual 
extraction phenomenon despite the mechanical approach 
being regarded as closer to reality. 

3.4. Natural Colorant Stability 

Anthocyanins’ stability can be affected by several 
elements, such as pH, temperature, light, and the 
existence of metal ions. This study investigates the effects 
of temperature and light intensity on the rate of 
anthocyanin degradation. Figure 7 illustrates the impact 
of temperature on anthocyanin stability. The temperature 
range used to assess anthocyanin stability is between 10 
and 50°C. Temperatures above 50°C can cause partial or 
complete degradation of anthocyanins, resulting in a 
decrease in color intensity [34]. The results indicate that 
temperature conditions during the anthocyanin storage 
process significantly affect the degradation rate. Higher 
storage temperatures accelerate the degradation rate, 
with temperatures above 28°C leading to faster 
anthocyanin breakdown. In contrast, the degradation rate 
slows at temperatures below 28°C. 
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Table 4. Tabulation of degradation modeling results of anthocyanin extraction for 30 minutes 

Kinetic model Parameter 
Temperature (°C) UV–C 

@28°C 10 28 40 50 

The first-order 
rate model 

k (min-1) 6.9035.10-4 0.0013 0.8865 0.0066 0.0037 

r2 0.9093 0.9069 0.9198 0.9662 0.9290 

SSE 0.5972 0.8865 4.7966 2.2898 2.6184 

The Weibull 
model 

α (min-1) 2.6048.10-4 1.7367.10-3 200.2905 153.3127 323.2798 

β (min-1) 0.3988 0.6052 0.6985 0.7926 0.6953 

r2 0.9912 0.9755 0.9750 0.9854 0.9780 

SSE 0.0199 0.6052 1.4970 0.9925 0.8123 

 

Figure 6. Comparison of experiment and model for 
(a) dry sample and (b) wet sample 

This study shows that the concentration of 
anthocyanins decreases over time, with a storage 
temperature of 10°C demonstrating higher stability than 
the other conditions, exhibiting a degradation rate of 
6.9035 × 10-4 min-1 based on the first-order rate model. 
Anthocyanin degradation accelerates at temperatures 
above 10°C. A lower storage temperature is beneficial in 
reducing anthocyanin degradation during storage. This 
finding aligns with studies by Yusoff et al. [35], which 
suggests that the ideal storage temperature for 
anthocyanins is around 4°C and Liu et al. [36], which also 
reported that increasing temperatures accelerate 
anthocyanin degradation. In conclusion, high 
temperatures contribute to the degradation of 
anthocyanins in Clitoria ternatea in this study. 

In addition, this research also explains the effect of 
UV-C light on the rate of anthocyanin degradation at the 
same operating temperature and reveals that the 
influence of UV-C light can accelerate the rate of 
anthocyanin degradation. Anthocyanin compounds tend 
to have poor stability when exposed to UV-C radiation, 
resulting in photodegradation. UV-C light can cause 
severe and permanent metabolic and physiological 
damage, followed by the breakdown of secondary plant 
components [37]. A study by Mahmad and Taha [38] 
reports that anthocyanins from Clitoria ternatea are less 
stable under light exposure than at elevated 
temperatures. The degradation of anthocyanins when 
exposed to UV-C light occurs rapidly due to the hydrolysis 
of glycosidic bonds, resulting in the formation of 
colorless carbinol and chalcone groups from the 
aglycones, which tend to be unstable. Março et al. [39] also 
reveals that UV-C light promotes the instability of 
flavylium cations in anthocyanins, accelerating their 
transformation into deprotonated forms. 

 

Figure 7. The outcome of assessing the stability of 
natural colorant across diverse conditions 

The degradation of the total monomeric anthocyanin 
in Clitoria ternatea flowers was analyzed for 300 minutes 
at various temperatures (10, 28, 40, and 50°C) using 
kinetic models. Table 4 presents the kinetic parameters 
for the first-order kinetic and the Weibull models (k, α, 
and β). According to the first-order kinetic model, the 
degradation rate increases with temperature and UV-C 
radiation intensity. The degradation rate follows a first-
order kinetic model, showing a slower rate at 10°C and a 
rapid increase above 28°C. The effect of UV-C light further 
accelerates the anthocyanin breakdown rate when 
maintained at the same temperature. This study supports 
this observation, with the first-order rate model 
demonstrating that the rate of anthocyanin degradation 
in Clitoria ternatea extract exposed to UV-C light is faster, 
with a rate constant of k = 0.0037 min-1, compared to the 
slower degradation rate of k = 0.0013 min-1 at 28°C 
without UV-C radiation. 

Based on the Weibull kinetic model, two significant 
factors are utilized as a reference: the scale parameter (α) 
and the shape parameter (β). The α value represents the 
typical life or the point when the degradation rate is at the 
highest level. A higher α suggests longer stability before 
major degradation occurs. Meanwhile, the β value 
determines the degradation pattern. When β > 1, the 
distribution shows a decreasing degradation rate (early-
life degradation). Conversely, when β < 1, the distribution 
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exhibits a rising degradation rate (wear-out 
degradation). Based on the α and β values obtained in 
Table 4, it reveals that when the temperature is increased, 
there would be considerable degradation of anthocyanins 
in Clitoria ternatea. 

Based on the Weibull kinetic model, at temperatures 
below 28°C, the α value tends to be relatively small. 
However, as the temperature exceeds 28°C, the α value 
increases significantly, indicating a substantial rise in the 
degradation rate with temperature. Additionally, 
exposure to UV-C radiation considerably influences the 
degradation rate, as demonstrated by the Weibull kinetic 
model. This can be observed at 28°C, where the α value is 
1.7367 x 10-3 min-1, but when exposed to UV-C radiation, 
the α value increases dramatically to 323.2798 min-1. The 
Weibull kinetic model also shows that the degradation 
rate tends to increase, supported by the β value being less 
than 1 under all conditions. 

4. Conclusion 

Ultrasound-assisted extraction (UEA) proves 
significantly more effective in obtaining natural colorant, 
specifically anthocyanins, than conventional solvent 
extraction (CSE), resulting in enhanced extract yields. 
Beyond emphasizing yield, the upward trajectory in 
extraction temperature consistently corresponds to an 
increased extraction rate. The mechanistic second-order 
rate model aptly characterizes the extraction kinetics of 
this process. However, it is crucial to carefully consider 
the duration of the extraction process, with optimal 
results observed in shorter processes (less than 30 
minutes). This aligns with the degradation pattern of the 
anthocyanin extract, which steadily diminishes due to 
prolonged exposure to elevated temperatures. 
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