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Abstract
Ultrasound can be applied as an efficient and green technology for 
various food processes. This study focused on evaluating the influence 
of ultrasonication and thermal treatments on the stability of antioxidant 
components in perilla drinks. Specifically, it compared the impact of 
ultrasonic treatments lasting 5, 10, and 15 minutes at frequencies of 58 
kHz, 132 kHz, and 192 kHz with thermal treatment ranging from 70°C to 
90°C, aiming to explore the effects of ultrasonic treatment on biologically 
active compounds in perilla drink, including polyphenols, flavonoids, 
anthocyanins, reducing sugars, DPPH, total soluble solids (TSS), and pH. 
Findings revealed no significant differences in TSS and pH among the 
sonicated, heat-treated, and untreated samples. However, the increase 
in flavonoid content under ultrasound and heat treatment for 10 minutes 
was statistically significant compared to the control sample (p < 0.05). In 
addition, the experimental results indicate that as ultrasonic treatment 
time and temperature increased, the reduced sugar and polyphenol 
content also increased. However, the ability to capture DPPH free radicals 
decreased with increasing ultrasonic treatment time and temperature (p < 
0.05). Perilla drink pasteurized using ultrasonic treatment at 132 kHz for 
10 minutes maintains anthocyanin, flavonoid, polyphenol, and reducing 
sugar content, as well as free radical scavenging ability (DPPH), at levels 
equivalent to the control (no treatment) and remains the most stable among 
all treatments. These insights are valuable for beverage producers aiming 
to preserve product quality during processing and storage.
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Introduction
Perilla frutescens (L.) Britton, commonly known 
as Shiso in Japan, is a purple mint plant from the 
Lamiaceae family, believed to have originated in 
the mountainous regions of East Asia. This plant is 
widely cultivated across Asia, particularly in countries 
such as China, India, Japan, Korea, Thailand, and 
Vietnam. Perilla serves as a valuable source of 
biologically active antioxidant compounds, including 
polyphenols, flavonoids, and anthocyanins.1 
Contemporary biological and pharmacological 
studies on Perilla frutescens have demonstrated 
its wide range of biological effects, such as 
anti-inflammatory, antibacterial, antifungal, and 
antidepressant properties.2 These antioxidants are 
linked to numerous health advantages, including 
cardiovascular support, diabetes management, 
cancer prevention, reduced risk of atherosclerosis, 
and the slowing of age-related degeneration.3

Drinks from fruits and vegetables have high water 
content and are rich in nutrients, providing a good 
environment for enzymes and microorganisms 
to grow. To prolong the preservation time of 
fruit and vegetable drinks, it is necessary to kill 
microorganisms and deactivate the enzyme 
system in fruit and vegetable juice. The oldest and 
most popular method is long-term heat treatment. 
However, this method often reduces the quality of 
fruit and vegetable juices, causes loss of vitamins 
and biologically active substances, and changes the 
flavor and color of the product.4 Nowadays, customer 
awareness of product quality is increasingly high. 
Consumers require the quality of canned fruit and 
vegetable juice products to have natural flavors, and 
colors, and preserve natural chemical components 
and biologically active ingredients.5 Therefore, 
modern pasteurization technology is applied to 
producing bottled fruit and vegetable juices to 
meet the above requirements. Ultrasound is used 
in many applications, including food processing 
and food analysis.6 Ultrasonic processing is one of 
the non-temperature processing technologies that 
replaces heat pasteurization. Ultrasonic processing 
mechanisms are simple, have no chemical residues, 
are highly safe, have low energy consumption, are 
environmentally safe, and cause little deterioration 
in product quality.7 Ultrasound treatment reduces 
the population of pathogenic microorganisms in 
fruit juice, retaining biologically active compounds 
of fruit juice such as antioxidants, vitamin C, 

polysaccharides, pectin, total phenol content, 
and enzyme activity of juice. This technology has 
been tested for red grape juice treatment,8 mango 
juice,9 grapefruit juice,10 orange juice,11 cranberry 
juice,12 sugarcane juice,13 lily juice,14 kiwi juice,15 
and different fruit and vegetable juices.16 Perilla 
drink has many anthocyanins are colored valuable 
biocompounds, However, anthocyanins have a 
major disadvantage, namely their low stability. 
Temperature is a critical parameter of food industrial 
processing that impacts on the food matrix, 
particularly affecting heat-sensitive compounds 
such as anthocyanins.17 However, there have been 
no studies examining the effects of ultrasound on 
perilla drink. Therefore, this study aims to investigate 
the impact of ultrasonic treatment on perilla drink, 
providing a theoretical foundation for its use in the 
processing and production of perilla beverages.

Materials and Methods
Beverages Samples
Perilla drink made with Perilla frutescens (L.) 
extract and Chrysanthemum indicum (L.) flowers 
according to research by Chi et al.18 The experiment 
was conducted to investigate pasteurization 
time (5 minutes, 10 minutes, 15 minutes) at 
temperature (70-90oC) in water baths (Model: 
WNB7, Memmert, Germany) and ultrasonic wave 
treatment at frequencies of 58 kHz, 132 kHz, 192 
kHz for 10 minutes, 20 minutes, 30 minutes in the 
ultrasonic cleaning tank (Model: 4-UDS-2618-24, 
CREST ULTRASONICS CORP., New Jersey, USA) 
compared with the control sample without heat and 
ultrasound treatment.

Chemicals and Reagents
DPPH (2,2-diphenyl-1-picrylhydrazyl; TCI, Japan), 
hydrochloric acid (HCl; Merck, Germany), ethanol 
(C2H5OH; Merck, Germany), quercetin (Merck, 
Germany), Folin–Ciocalteu reagent (Merck, 
Germany), gallic acid (C7H6O5; Sigma, USA), 
3,5-dinitrosalicylic acid (C7H4N2O7; Fisher, USA), 
sodium carbonate (Na2CO3; Xilong Scientific, 
China), potassium sodium tartrate (C4H4O6KNa; 
Xilong Scientific, China), sodium hydroxide (NaOH; 
Xilong Scientific, China), glucose (C6H12O6; Xilong 
Scientific, China), potassium chloride (KCl; Xilong 
Scientific, China), sodium acetate trihydrate 
(CH3COONa·3H2O; Xilong Scientific, China), sodium 
nitrite (NaNO2; Xilong Scientific, China), aluminum 
chloride (AlCl3; Xilong Scientific, China), methanol 
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(CH4O; Xilong Scientific, China), and ascorbic acid 
(C6H8O6; Xilong Scientific, China).

Determination of Total Polyphenol Content (TPC)
The total polyphenol content (TPC) was determined 
using the Folin-Ciocalteu method.19 Initially, 0.2 mL of 
diluted sample solution, add 0.2 mL of distilled water, 
then add 0.5 mL of Folin-Ciocalteu 10%, shake well 
for 3-5 minutes, 0.4 mL of 7.5% sodium carbonate 
(Na2CO3) solution was added. The mixture was 
incubated in the dark at room temperature for 30 
minutes. The absorbance was then measured at 765 
nm using a UV/Vis spectrophotometer (UV/Vis 200 
nm–830 nm, Eppendorf BioSpectrometer® Basic, 
Germany). Gallic acid was used as the standard, 
with concentrations of 0, 0.02, 0.04, 0.06, 0.08, 
and 0.1 mg/mL. A calibration curve was constructed 
by plotting absorbance values against gallic acid 
concentrations.

Determination of Reducing Sugars
The reducing sugar content was determined using 
the method described by Miller.20 Initially, 2 mL of 
diluted sample solution mixed with 2 mL of DNS 
reagent (3.5 dinitrosalicylic acid) then boil in a water 
bath for 5 minutes to bring to room temperature. The 
reducing sugar content was measured at wavelength 
λ = 540 nm and glucose was used as the standard 
curve for the concentrations: 0, 0.1, 0.2, 0.3, 0.4, 
0.5 mg/mL.

Determination of Total Anthocyanin (TAC)
The total anthocyanin content (TAC) was determined 
using the UV-Visible spectroscopy method outlined 
by Giusti et al.,21 based on the principle that 
anthocyanin colorants change with pH. The colored 
oxonium form predominates at pH 1.0 and the 
colorless hemiketal form at pH 4.5.

Determination of Antioxidant Capacity (DPPH)
The antioxidant capacity (DPPH) was determined 
using the method developed by Brand-Williams  
et al.22 Prepare a 0.004% DPPH solution in methanol. 
Initially, 0.6 mL of diluted sample solution into a test 
tube, add 0.8 mL of 0.004% DPPH and incubated 
for 30 min in the dark covered with aluminum foil. 
Then measure the absorbance of the solution at 
wavelength λ = 517 nm. The activity was calculated 
using the following formula:

DPPH radical scavenging activity (%) = (A0 - A1)/
A0×100

where: where A0 is an absorbance of the blank 
(without sample extract), and A1 is an absorbance 
of sample extract.

Determination of Total Flavonoid Content (TFC)
The total flavonoid content was determined using 
the method described by Zhishen et al.23 Initially, 
0.5 mL of the appropriately diluted sample was 
transferred into a test tube, add 3.2 mL of distilled 
water, then add 0.15 mL of 5% NaNO2, shake well 
for 5 minutes, then add 0.15 mL of 10% AlCl3  and 
shake well for 5 minutes. Finally, add 1 mL of 1 M 
NaOH. Then measure the absorbance of the solution 
at wavelength λ = 510 nm. The total flavonoid content 
was quantified using a quercetin calibration curve, 
which was constructed using standard solutions with 
concentrations of 0, 0.1, 0.2, 0.3, 0.4, and 0.5 mg/
mL. These standards were subjected to the same 
procedure as the samples, and a standard curve was 
generated by plotting absorbance against quercetin 
concentration.

Determination of Total Soluble Solids (TSS) and 
pH Values
The pH of the samples was measured at room 
temperature using a pH meter (inoLab pH 7110, 
WTW, Germany) by directly immersing the electrode 
into the sample. Total soluble solids (TSS) were 
determined using a refractometer (ALLA, France) 
under the same conditions.

Statistical Analysis
All experiments were conducted in triplicate to 
generate data for statistical evaluation. Statistical 
analyses were carried out using the Statgraphics 
software (Statgraphics Centurion XV, Statgraphics 
Technologies, Inc., Old Tavern Rd, The Plains, 
VA 20198, USA). Results are presented as mean 
values ± standard deviation (SD). Differences 
among independent variables were assessed using 
parametric analysis of variance (ANOVA), followed 
by mean comparisons based on the least significant 
difference (LSD) test at a significance level of p < 
0.05.
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Results
Effect of Ultrasonic Pasteurization Method on 
Anthocyanin Content
Figure 1 illustrates the impact of ultrasonic 
pasteurization on the total anthocyanin content. 

Figure 1 shows that the anthocyanin content when 
treated with heat and ultrasound for 10 minutes both 
increased higher than that of the sample control. 

Ultrasound treatment at 3 frequencies 58 kHz, 132 
kHz, and 192 kHz are 3.80 mg/L, 3.87 mg/L, and 
3.84 mg/L respectively, and at temperatures, 70oC, 
80oC and 90oC are 3.80 mg/L respectively. 3.68 mg/L 
and 3.58 mg/L compared to 3.55 mg/L (the sample 
control). However, the ultrasonic treatment method 
gave a higher anthocyanin content than the heat 
treatment and there was no statistically significant 
difference (p > 0.05). 

Effect of Ultrasonic Pasteurization Method on 
Flavonoid Content
Figure 2 illustrates the impact of ultrasonic 
pasteurization on the total flavonoid content.

Fig. 1: Effects of ultrasonic treatment on anthocyanin of perilla drink.

Fig. 2: Effects of ultrasonic treatment on flavonoids of perilla drink.

Flavonoids are essential natural bioactive compounds 
known for their antioxidant properties. Interestingly, 
the flavonoid content increased significantly as 
the ultrasound process progressed. The increase 
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in flavonoid content when treated with ultrasound 
and heat for 10 minutes was statistically different 
compared to the control sample. Sample treatment 
at frequencies of 58 kHz, 132 kHz, 192 kHz and 
temperatures of 70oC, 80oC, 90oC were 3.57 mgQE/
mL, 3.68 mgQE/mL, 3.37 mgQE/mL, 3.45 mgQE/
mL, 3.94 mgQE/mL, 2.78 mgQE/mL compared to 
2.67 mgQE/mL (control sample).

Effect of Ultrasonic Pasteurization Method on 
Polyphenol Content 
Figure 3 illustrates the impact of ultrasonic 
pasteurization on the total polyphenol content.
 
the polyphenol content when ultrasonic treated for 
10 minutes at a frequency of 192 kHz (1.20±0.29 
mgGAE/mL) is the lowest compared to the control 

sample (1.43±0.18 mgGAE/mL) in ultrasonic and 
temperature samples treatment this difference 
is statistically significant. In addition, the survey 
results also showed that as the ultrasonic treatment 
time increased, the polyphenol content increased. 
Polyphenol content when treated for 10 minutes at 
3 different frequencies is 1.34 mgGAE/mL (58 kHz), 
1.44 mgGAE/mL (132kHz), and 1.43 mgGAE/mL 
(192kHz), respectively, lower than when increasing 
the time process up to 20 minutes and 30 minutes at 
the same frequency. When treating perilla water with 
ultrasound at a frequency of 58 kHz for 20 minutes, 
the polyphenol content increased to 1.52 mgGAE/
mL, when treated for 30 minutes it was 1.57 mgGAE/
mL). At frequencies of 132 kHz and 192 kHz, similar 
results were recorded. 

Fig. 3: Effects of ultrasonic treatment on polyphenols of perilla drink

Fig. 4: Effects of ult
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Effect of Ultrasonic Pasteurization Method on 
Reducing Sugar Content
Figure 4 illustrates the impact of ultrasonic 
pasteurization on the total reducing sugar content. 

Reducing sugar content when treated with heat and 
ultrasound for 10 minutes at frequencies of 58 kHz, 
132 kHz, 192 kHz (0.50 mg/mL, 0.51 mg/mL and 

0.47 mg/mL) and at temperatures of 70oC, 80oC 
and 90oC (0.47 mg/mL, 0.65 mg/mL and 0.65 mg/
mL) were not statistically different from the untreated 
control sample (0.46 mg/mL). In addition, the survey 
results also show that when increasing the ultrasonic 
treatment time and temperature, the reduced sugar 
content increases. 

Fig. 5: Effects of ultrasonic treatment on the antioxidant capacity of perilla drink

Effect of Ultrasonic Pasteurization Method on 
Antioxidant Capacity (Dpph) 
Figure 5 illustrates the impact of ultrasonic 
pasteurization on antioxidant capacity (DPPH) 
content.

The ability to capture DPPH free radicals when 
treated with ultrasound recorded at frequencies of 58 
kHz, 132 kHz, 192 kHz (86.54%, 86.54%, 86.71%) 
and temperatures of 70oC, 80oC, 90oC were 85.99%, 
85.48%, 86.26% and no statistically significant 
difference with the control sample (86.65%) at 
10 minutes. In addition, the survey results also 
showed that when increasing ultrasonic treatment 
time and temperature, the ability to capture DPPH 
free radicals decreased. The ability to capture 
DPPH free radicals when treated for 10 minutes at 
different frequencies is 86.54% (58kHz), 86.54% 
(132kHz), and 86.71% (192kHz), respectively, 
higher than when the treatment time is increased 
20 minutes and 30 minutes at the same frequency. 
When treating perilla water with ultrasound waves 
at 58kHz for 20 minutes, the ability to capture DPPH 
free radicals decreased to 82.8%, and when treated 
for 30 minutes, it was 84.03%. At frequencies of 
132kHz and 192kHz, similar results were recorded. 
DPPH free radical scavenging ability recorded at 
132kHz frequency was 83.81% (20 minutes) and 

82.64% (30 minutes). At the frequency of 192kHz, 
the ability to capture DPPH free radicals recorded 
after 20 minutes of treatment was 82.8%, and after 
30 minutes was 82.41%. 

Effect of Ultrasonic Pasteurization Method on 
pH Value and TSS
Table 1 presents the variations in pH and total 
soluble solids (TSS) resulting from heat and 
ultrasound treatments.

Discussion
In addition, the survey results also showed that when 
increasing the ultrasonic and heat treatment time, 
the anthocyanin content decreased.24 Anthocyanin 
content when treated for 10 minutes at 3 different 
frequencies is 3.80 mg/L (frequency 58 kHz), 3.87 
mg/L (frequency 132 kHz), and 3.84 mg/L (frequency 
192 kHz), respectively twice as high as when 
increasing the processing time to 20 minutes and 
30 minutes at the same frequency. The reason for 
the above phenomenon is that when the ultrasonic 
treatment time is increased, the time it takes for the 
ultrasound waves to impact the cell walls increases, 
and as a result, the number of cell walls is destroyed 
and the decomposition of anthocyanin also depends 
on the individual anthocyanin components.25  
At temperatures of 70oC, 80oC, and 90oC, similar 
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results were recorded. When heat treated, the 
combination of temperature and time applied has 
a significant influence on anthocyanin stability. 
Kinetic studies on the effects of heat treatment on 
phenolic compounds by Turturică and colleagues 
(2016) concluded that anthocyanins underwent 
the greatest degradation among polyphenols 
within the temperature range of 70°C and 110°C. 

26 Anthocyanin content tends to decrease as 
temperature increases because anthocyanin 
belongs to the group of water-soluble flavonoids that 
are easily changed by heat treatment. This research 
result is similar to the results of the survey on the 
effects of ultrasound on the pasteurization process 
high intensity, sterilization, and pasteurization on 
the stability of anthocyanins in jamun fruit juice.24

Table 1: Effect of ultrasonic pasteurization 
method on pH value and TSS

Treatment	 TSS	 pH

Control sample	 7.00±0.00	 3.97±0.20a

58kHz-10min	 7.00±0.00	 3.71±0.01b

58kHz-20min	 7.00±0.00	 3.72±0.01b

58kHz-30min	 7.00±0.00	 3.72±0.08b

132kHz-10min	 7.00±0.00	 3.71±0.10b

132kHz-20min	 7.00±0.00	 3.72±0.02b

132kHz -30min	 7.00±0.00	 3.73±0.05b

192kHz -10min	 7.00±0.00	 3.71±0.02b

192kHz -20min	 7.00±0.00	 3.72±0.01b

192kHz -30min	 7.00±0.00	 3.73±0.03b

70oC-10min	 7.00±0.00	 3.73±0.05b

70oC-20min	 7.00±0.00	 3.71±0.02b

70oC-30min	 7.00±0.00	 3.71±0.03b

80oC-10min	 7.00±0.00	 3.71±0.02b

80oC-20min	 7.00±0.00	 3.72±0.01b

80oC-30min	 7.00±0.00	 3.70±0.01b

90oC-10min	 7.00±0.00	 3.71±0.06b

90oC-20min	 7.00±0.00	 3.71±0.04b

90oC-30min	 7.00±0.00	 3.70±0.08b

Data are presented as mean ± SD of triplicate analyses. 
Different letters in the same column indicate statistically 
significant differences (p < 0.05) by LSD test.

The increase in flavonoids is associated with 
the formation of free radicals, and the release of 
bioflavonoids because during ultrasonic treatment, 
the cavitation effect generated by ultrasonic bubbles 
disrupts cell walls, promoting hydroxylation reactions 
in the aromatic rings of phenolic compounds. This 
facilitates the conversion of phenolics from their 
bound forms into free forms.27 In addition, the results 
in this study also show that when the ultrasound 
and heat treatment time is increased, the flavonoid 
content decreases. Flavonoid content when treated 
for 10 minutes at 3 different frequencies is 3.57 mgQE/

mL (frequency 58 kHz), 3.68 mgQE/mL (frequency 
132 kHz), and 3.37 mgQE/mL (frequency 192 kHz). 
twice as high as when increasing the processing 
time to 20 minutes and 30 minutes at the same 
frequency. Samples treated at temperatures of 70oC, 
80oC, and 90oC also recorded similar results. The 
decrease in anthocyanin, flavonoid, and polyphenol 
content may be due to heat inactivation kinetics of 
mixed fruit drinks similar to the study by Bhalerao  
et al .28 Act ive antioxidants (anthocyanins, 
polyphenols, flavonoids) are affected by high 
temperatures, which can lead to a decrease in 
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bioflavonoids and the greatest degradation is 
anthocyanins, followed by polyphenols and finally 
flavonoids.29  Research on plant bioactive content and 
antioxidant properties as affected by heat treatment 
suggests that flavonoids are common secondary 
polyphenolic metabolites in plants affected by 
heat treatment (50 – 100°C) using quantitative 
spectroscopic and kinetic methods.30 Depending 
on the nutritional composition of the food and the 
treatment conditions, either an increase or decrease 
in the levels of plant bioactive compounds may 
occur. Overall, ultrasound treatment demonstrated 
a positive impact on total flavonoid content.16

The more the ultrasound time increases, the stronger 
the gas cavitation phenomenon becomes, so the cell 
wall structures are broken down more, removing 
oxygen molecules, inserting -OH groups into the 
aromatic ring structure, making phenolic compounds 
have in the juice in its bound form with other 
molecules begins to release bound phenolics into 
free molecules. This process effectively enhances 
the diffusion rate of phenolic compounds, thereby 
contributing to the overall increase in their content.31 
The occurrence of phenolic acids varies depending 
on the type of food matrix. In certain processed 
star fruit juice samples, a reduction or degradation 
of specific phenolic acids was observed, whereas 
in other cases, thermal pasteurization led to the 
emergence or increased levels of phenolic acids that 
were not initially present in the fresh juice.16

The increase in sugar content may be due to acid 
hydrolysis of sugar or disaccharide decomposition 
into monosaccharides.13 The reduced sugar content 
when treated for 10 minutes at different frequencies 
is 0.50 mg/mL (58kHz), 0.51 mg/mL (132 kHz), and 
0.47 mg/mL (192kHz), lower than when increasing 
the time. Process up to 20 minutes and 30 minutes 
at the same frequency. At temperatures of 70oC, 
80oC and 90oC, similar results were recorded. An 
increase in total sugar content after pasteurization 
was also observed for sugarcane juice32 and apple 
juice on the effects of processing and storage on the 
quality of the juice.33

Both the temperature and duration of heating 
significantly influence the levels of bioactive 

compounds.34 The decrease in DPPH free radical 
scavenging ability may be because ascorbic acid 
has low thermal stability, it is easily oxidized during 
heat treatment, so prolonging the temperature and 
pasteurization time will reduce the scavenging 
ability of DPPH free radical.35 The results are 
similar to studies on the effects of heating leading 
to phytochemical degradation such as loss 
or decomposition of certain types of phenolic 
compounds and other compounds responsible for 
DPPH free radical scavenging during processing 
heat treatment.16

Heat and ultrasound treatment did not affect TSS 
possibly due to the level of ultrasound energy, and 
the heat applied to the sample does not change 
the macromolecular structure related to these 
physicochemical properties at the microscopic 
level.36 The slight change in pH reduction of the 
treated samples compared to the control sample may 
be due to the interaction of nutritional components 
in the sample leading to chemical reactions that 
create new chemical components. The results of 
this study are similar to studies on ultrasonic heat 
and pasteurization of red grape juice, Opuntia ficus-
indica juice.8,37

Conclusion
Pasteurized by ultrasonic treatment at a frequency of 
132 kHz for 10 minutes, the content of anthocyanins, 
flavonoids, polyphenols, reducing sugars, and free 
radical scavenging ability (DPPH) in perilla water 
are all equivalent to the control (no treatment) 
and the most stable of all treatments. Overall, this 
study provides valuable information for beverage 
manufacturers to control the quality properties of 
perilla drink from Perilla frutescens (L.) Britton and 
Chrysanthemum indicum L. Moreover, the study can 
be used as a basis for further research on the effects 
of ultrasound treatments on the stability of antioxidant 
active ingredients as well as the rheological, 
antioxidant, and microbiological properties of perilla 
drinks packed in different packaging materials under 
different storage conditions.
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