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AbstractThis study presents the ultrasonic cavitation bubble- and gas bubble-assisted fractional precipitation that
dramatically improves the precipitation efficiency in existing precipitation method for purifying (+)-dihydromyricetin.
Compared to the conventional method, the time required for precipitation was reduced by 40 times. The particle size
was reduced by 4.0-7.4 times and 3.7-4.4 times for cavitation bubbles and gas bubbles, respectively, and the diffusion
coefficient was increased by 5.1-9.2 times (cavitation bubble) and 3.7-4.4 times (gas bubble). Meanwhile, the precipita-
tion rate constant was increased by 11.0-65.0 times and 17.0-24.6 times and the activation energy was decreased by
5,543~9,655 J/mol and 6,546~7,404 J/mol, which resulted in an improved precipitation rate. The results of the
thermodynamic analysis showed that the precipitation was exothermic and non-spontaneous.
Keywords: (+)-Dihydromyricetin, Fractional Precipitation, Ultrasonic Cavitation Bubble, Gas Bubble, Mechanism

INTRODUCTION

Ampelopsis grossedentata is a medicinal plant which contains large
amounts of flavonoids [1]. In particular, (+)-dihydromyricetin ((+)-
ampelopsin) (Fig. 1) is a major functional flavonoid and a bioac-
tive component found in large quantities in the leaves of A. gros-
sedentata [2]. It is a functional substance excellent for not only
hangover relief and liver protection, but also for the treatment of
inflammation, fatty liver disease, cancers, diabetes, and hyperlipid-
emia. Therefore, it is widely used as a raw material for foods and
pharmaceuticals [1-3]. Du et al. [4] reported that (+)-dihydromyrice-
tin derived from A. grossdentata greatly restricted hypertension.
Yoshikawa et al. [5] also reported that it promoted muscle relax-
ation through in vivo metabolism of ethanol and had an anti-allergy
effect.

Fractional precipitation is a simple and effective method to purify
(+)-dihydromyricetin using solubility differences. The process, which

was developed in 2008, allows for high purity (>83.2%) (+)-dihydro-
myricetin to be obtained. However, it took a long time (~32 h) for
fractional precipitation, which limited its implementation for mass
production [6]. To resolve this limitation, a method was developed
to improve the precipitation efficiency by increasing the surface area
per volume of the reaction solution by introducing an ion exchange
resin (Amberlite 200, Amberlite IR 120Na) in 2014 [7]. Introduc-
ing Amberlite 200 to the reaction solution achieved a high yield
(>90%) of (+)-dihydromyricetin in a relatively short time (~16 h).
Nonetheless, problems still existed because of the ion exchange cost
and difficulty recovering the ion exchange after precipitation with
surface area-increasing materials. Furthermore, the long fractional
precipitation time of (+)-dihydromyricetin and the feasibility of
mass production still remain unsolved. Accordingly, there is a high
demand for a method to drastically shorten the precipitation time
and allow for effective mass production of (+)-dihydromyricetin
through fractional precipitation. Recently, various studies have been
conducted to improve the precipitation efficiency (especially short-
ening the precipitation time) due to an increase in the nucleation
rate by ultrasound [8-10]. In 2021, fractional precipitation using
ultrasound remarkably improved the purification efficiency of (+)-
dihydromyricetin. The precipitation time required to obtain (+)-
dihydromyricetin with high purity (87.01-91.66%) and yield (90.63-
92.00%) was reduced by 40 times (~30 min) through ultrasound-
induced fractional precipitation (ultrasonic power: 80-250 W) com-
pared to the conventional method (~1,200min) [11]. This improve-
ment was due to acoustic cavitation, the formation, growth, and
collapse of microbubbles, in the liquid irradiated by ultrasound.
When the cavitation bubbles formed by the ultrasound finally col-
lapse, they create high-speed microjets of solution, intense local-
ized heating, and high-pressure shock waves in the solution, which
ultimately improves the micro-mixing, mass transfer, and supersat-
uration of the solution [12]. Studies on the clear mechanism of ultra-

Fig. 1. The chemical structure of (+)-dihydromyricetin.
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sound-assisted precipitation are insufficient and no studies about
the mechanism of fractional precipitation of (+)-dihydromyricetin
by ultrasound have been conducted. Therefore, this study investi-
gated in detail the ultrasound-precipitation mechanism by intro-
ducing ultrasonic cavitation bubbles and gas bubbles during fractional
precipitation. Ultrasonic cavitation bubbles expand and collapse
resulting in high-speed microjets, intense localized heating, and
high-pressure shock waves, whereas gas bubbles only expand during
their lifetime, so high temperatures and pressures are not gener-
ated [13]. Based on these differences in characteristics, we investi-
gated the precipitation mechanism by observing the precipitation
behavior of (+)-dihydromyricetin in fractional precipitation using
ultrasonic cavitation bubbles and gas bubbles. In addition, the dif-
fusion pattern of molecules was quantitatively identified by deter-
mining the diffusion coefficient using the Stokes-Einstein equation.
Furthermore, the characteristics of ultrasound-fractional precipita-
tion were investigated through a kinetic analysis using the Johnson-
Mehl-Avrami-Kolmogorov (JMAK) equation and through a ther-
modynamics analysis using the Arrhenius, van’t Hoff, and Eyring
equations.

MATERIALS AND METHODS

1. (+)-Dihydromyricetin Samples
In this study, the samples [crude extract (purity: 54.84%)] used

for fractional precipitation of (+)-dihydromyricetin were procured
from Guilin Natural Ingredient, Inc. (Guilin, China).
2. Fractional Precipitation

The schematic diagrams of the ultrasonic cavitation bubble- and
gas bubble-induced fractional precipitation using the solubility dif-
ference of (+)-dihydromyricetin in acetone solution are presented
in Fig. 2. (+)-Dihydromyricetin (purity: 54.84%) was dissolved in
acetone (0.1 g/mL). Then the solution was added dropwise into
the distilled water-acetone solution (ratio=5/1, v/v) while stirring
(335 rpm), and the precipitation of (+)-dihydromyricetin using solu-
bility difference was induced [3,7]. The volume of the reactor was
set to be 20 mL and the working volume was set to 12 mL during
the fractional precipitation. The ultrasound-fractional precipitation
was initiated in an ultrasonic bath at 5 oC while varying the ultra-
sonic power (80, 180, 250, 380, and 540 W) and precipitation time
(5, 10, 20, and 30 min). For the thermodynamic analysis of the
ultrasound-fractional precipitation, another precipitation was per-
formed at 15 oC and 25 oC using the same method. Ultrasonic power
of 180 W was found to be optimal and was adopted for the pre-
cipitation process. To investigate the mechanism of ultrasound-
fractional precipitation further, ultrasonic cavitation bubbles were
replaced with gas bubbles and injected into the precipitation solu-
tion using a gassing unit (SH-A2, Amazonpet, Korea) equipped
with air stone (pore diameter: 10m). The effects of gas flow rate
(0.185, 0.65, and 1.75 L/min) through the gassing unit on the effi-
ciency of the fractional precipitation (precipitation time, yield, and
purity) were investigated. The (+)-dihydromyricetin precipitate was
then obtained after filtering (150mm, Whatman, Buckinghamshire,
UK) and the precipitate was dried in a vacuum oven (UP-2000,
EYELA, Japan) at 40 oC for 24 h. The purity and yield of the dried
precipitate were determined through HPLC.

3. (+)-Dihydromyricetin Analysis
(+)-Dihydromyricetin was analyzed through an HPLC system

(SCL-10 AVP, Shimadzu, Japan). A mobile phase of 0.1% trifluo-
roacetic acid/acetonitrile 90/10 (v/v) flowed for 5 min under the
gradient condition and then the flow was changed to 30/70 (v/v)
for 30 min. The flow rate was set to 1.0 mL/min, and 20L of the
sample was injected and analyzed at UV 254 nm [3]. For the anal-
ysis, an authentic sample (purity: 98%) was purchased from Gui-
lin Natural Ingredient, Inc. (Guilin, China) [11].
4. Size Measurement of Precipitate

The morphology and size of the precipitate obtained from the
fractional precipitation were measured through an electron micro-
scope (SV-35 Video Microscope System, Some Tech, Korea) [7].
The precipitate was analyzed under high magnification (×200) and
the size of the precipitate was measured from video images using
IT-Plus System (Some Tech, Korea) [11].
5. Estimation of Diffusion Coefficient

The diffusion coefficient of the (+)-dihydromyricetin molecules
(B) diffused in the fractional precipitation solvent (A) was calcu-
lated from the Stokes-Einstein equation and can be expressed as
Eq. (1) [10]:

(1)

where k is the Boltzmann constant (1.38×1023 J/K), r0 is the molec-

DAB  
kT

6r0
--------------

Fig. 2. Schematic diagram of ultrasonic cavitation bubble-assisted
fractional precipitation (a) and gas bubble-assisted fractional
precipitation (b) for the purification of (+)-dihydromyricetin.
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ular diameter of (+)-dihydromyricetin,  is the dynamic viscosity
of the solution, and T is the absolute temperature of the solution.
The solution viscosity was measured with a viscometer (Viscolite
700, Hydromotion, UK) [11].
6. Kinetic Analysis

The Johnson-Mehl-Avrami-Kolmogorov (JMAK) equation is
mainly used in the crystallization or precipitation process to inves-
tigate isothermal phase-transformation kinetics during nucleation
and growth, and it is expressed as Eq. (2) and Eq. (3) [8,14,15]:

(2)

(3)

where X(t) is composed of the precipitation yield of (+)-dihydro-
myricetin at t, k is the precipitate rate constant, and n is the Avrami
index that describes the crystal structure and the characteristics of
nucleation. The JMAK index (Avrami index) n and rate constant
k can be calculated from the slope and intercept using Eq. (3).
7. Thermodynamic Analysis

The activation energy (Ea, kJ/mol) refers to the minimum energy
required for a reaction and can be calculated using the Arrhenius
equation. It is expressed as Eq. (4) [15].

(4)

where k is the precipitation rate constant, k0 is the frequency fac-
tor, T is the absolute temperature of the solution, and R is the gas
constant (8.314 J/mol·K).

Activation parameters, such as the activation enthalpy change
(H*, kJ/mol), activation entropy change (S*, J/mol∙K), and acti-
vation Gibbs energy change (G*, kJ/mol), were used to investigate
the thermodynamic changes in the transition state of the precipita-
tion reaction. H* and S* were calculated with the Eyring equa-
tion, Eq. (5), and G* was calculated with Eq. (6) [15]:

(5)

(6)

where k is the rate constant calculated from the JMAK equation.
In addition, kB is the Boltzmann constant (1.38×1023 J/K), h is the
Planck constant (6.6261×1034 J·s), T is the absolute temperature,
and R is the gas constant (8.314 J/mol∙K).

Thermodynamic parameters, such as the standard enthalpy change
(Ho, kJ/mol), standard entropy change (So, J/mol∙K), and stan-
dard Gibbs energy change (Go, J/mol), were calculated to evalu-
ate the spontaneity, feasibility, and nature of the precipitation process.
Ho, So, and Go can be calculated from the following equations
[15]:

(7)

(8)

where Ke is the equilibrium constant, which is the concentration
ratio between the (+)-dihydromyricetin remaining in the superna-

tant and the precipitated (+)-dihydromyricetin.

RESULTS AND DISCUSSION

1. Ultrasonic Cavitation Bubble-assisted Fractional Precipitation
Fractional precipitation is a pre-purification process that can sim-

ply and efficiently purify (+)-dihydromyricetin by using solubility
differences. However, conventional fractional precipitation takes a
long time, which is not economically feasible for the mass produc-
tion of (+)-dihydromyricetin [11]. To improve this issue, ultrasound
(power: 80-540 W) was introduced to the fractional precipitation
of (+)-dihydromyricetin. The yields from the fractional precipita-
tion of (+)-dihydromyricetin according to the ultrasonic power are
presented in Fig. 3. The yield from the conventional fractional pre-
cipitation of (+)-dihydromyricetin very slowly increased with time,
and the precipitation completed in 1,200 min (yield: 88.7%) [11].
On the other hand, the yield from the ultrasound-fractional pre-
cipitation of (+)-dihydromyricetin sharply increased with the pre-
cipitation time under all ultrasonic powers (80-540 W), and almost
all of the (+)-dihydromyricetin was recovered within a 30 min pre-
cipitation time. In particular, the (+)-dihydromyricetin yield was
over 99% with ultrasonic powers higher than 180 W during the
30 min precipitation time. The ultrasound-fractional precipitation
not only remarkably improved the yield but also considerably short-
ened the precipitation time by about 40 times compared to the con-
ventional fractional precipitation. In addition, a highly pure (+)-di-
hydromyricetin (82.54-91.12%) was obtained under the ultrasonic
power of 80 to 540 W (data not shown).
2. Gas Bubble-assisted Fractional Precipitation

To explain the reason for the improvement of the efficiency
(shortening the precipitation time) in ultrasound-fractional precip-
itation, it was investigated whether the effect of the bubble itself
generated by the ultrasonic wave or the effect of the bubble col-
lapse [16,17]. Gas bubbles were introduced instead of ultrasonic cavi-
tation bubbles during the fractional precipitation. Unlike ultrasonic
cavitation bubbles, gas bubbles only expand during their lifetime,
so they will not generate high-speed microjets, intense localized
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Fig. 3. Effect of ultrasonic power on the yield of (+)-dihydromyrice-
tin obtained by ultrasonic cavitation bubble-assisted fractional
precipitation at 5 oC.
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heating, and high-pressure shock waves [18]. In this study, frac-
tional precipitation was performed by introducing different gas
flow rates (0.185, 0.65, and 1.75 L/min). The fractional precipita-
tion results according to the gas flow rates are presented in Fig. 4.
The (+)-dihydromyricetin yields increased with all the gas flow rates
as the precipitation time elapsed, and most of the (+)-dihydromyrice-
tin (>99%) could be recovered at the gas flow rate of 1.75 L/min in
a precipitation time of 30 min. The purity of (+)-dihydromyrice-
tin under the gas flow rate condition of 0.185 to 1.75 L/min was
69.70 to 81.94% (data not shown). In short, the gas bubble-frac-
tional precipitation could also remarkably shorten the precipita-

Fig. 4. Effect of gas flow rate on the yield of (+)-dihydromyricetin
obtained by gas bubble-assisted fractional precipitation at 5 oC.

Fig. 5. A proposed mechanism for ultrasonic cavitation bubble- and gas bubble-assisted fractional precipitation of (+)-dihydromyricetin.

tion time compared to the conventional fractional precipitation.
The obtained results were similar to those obtained with ultrasound-
fractional precipitation, implying that the roles of the ultrasonic
cavitation bubbles and gas bubbles were similar during the frac-
tional precipitation. Even though the ultrasonic cavitation bubbles
and gas bubbles have different characteristics, the precipitation times
were significantly reduced in both ultrasound-fractional precipita-
tion and gas bubble-fractional precipitation. Therefore, fractional
precipitation with ultrasonic cavitation bubbles and gas bubbles
introduced might enhance the precipitation rate because the bub-
bles themselves act as sites for heterogeneous nucleation, thus low-
ering the free energy barrier required for nucleation and promoting
precipitation as shown in Fig. 5 [18]. Finally, in the case of the ultra-
sonic cavitation bubble, the bubble itself has more significant impact
on the fractional precipitation than the effect of the bubble collapse
(high-pressure shock waves, high-speed microjets, intense localized
heating, etc.).
3. Determination of Diffusion Coefficient of (+)-Dihydromyrice-
tin in Solution

To investigate the characteristics of fractional precipitation more
quantitatively, the particle sizes r0 were measured in the precipi-
tates of the ultrasound-fractional precipitation and the gas bubble-
fractional precipitation using an electron microscope. The results
are arranged in Table 1. The solution viscosities for conventional
fractional precipitation, fractional precipitation using cavitation bub-
bles, and precipitation using gas bubbles were measured to be 1.0
g/cm·s, 0.8 g/cm·s, and 1.0 g/cm·s, respectively, and the viscosity
did not change dramatically during precipitation. The mean parti-
cle size until the precipitation completion was 68.587m for the
conventional precipitation. Whereas, the mean particle sizes of the
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ultrasound-fractional precipitations were 16.963 (80 W), 15.251
(180 W), 14.884 (250 W), 11.897 (380 W), and 9.292m (540 W),
meaning the particles were 4.0 to 7.4 times smaller than the parti-
cles of the conventional fractional precipitation. As the ultrasonic
power increased, the particle size decreased. The decrement origi-
nates from the shock waves and the abrasion between the particles
when ultrasonic power is introduced [16,19]. In general, a reduced
particle size in an active pharmaceutical ingredient not only im-
proves the dissolution rate, uniformity of drug dispersion, and oral
bioavailability during formulation, but also improves the drying
efficiency [20,21]. Therefore, reducing the (+)-dihydromyricetin par-
ticle size is very important for its usage. In the case of the gas bub-
ble-fractional precipitation, the mean particle sizes were 18.727m
(0.185 L/min), 16.196m (0.65 L/min), and 15.758m (1.75 L/
min), 3.7 to 4.4 times smaller than those of the conventional frac-
tional precipitation. Similar to the ultrasound-fractional precipita-
tion, as the gas flow rate increased, the mean particle size decreased
further. The diffusion coefficient DAB was calculated using the
Stokes-Einstein equation to find the diffusion behavior of the frac-
tional precipitation methods (Table 1). The DAB of the conven-
tional fractional precipitation was 2.9701×1011 cm2/s [11]. On the
other hand, ultrasound-fractional precipitation had DAB values of

Table 1. Effect of ultrasonic cavitation bubbles and gas bubbles on viscosity, mean particle size and diffusion coefficient at 5 oC
Fractional

precipitation type
Ultrasonic
power (W)

Gas flow rate
(L/min)

Viscosity
 (cp)

Mean particle size
r0 (m)

Diffusion coefficient
DAB (cm2/s)

Control* - - 1.0 68.587 2.9701×1011

With ultrasonic
cavitation bubble

080 0.8 16.963 1.5006×1010

180 0.8 15.251 1.6690×1010

250 - 0.8 14.884 1.7102×1010

380 0.8 11.897 2.1396×1010

540 0.8 09.292 2.7394×1010

With gas bubble
0.185 1.0 18.727 1.0874×1010

- 0.650 1.0 16.196 1.2573×1010

1.750 1.0 15.758 1.2923×1010

*Conventional fractional precipitation

Table 2. Values of kinetic parameters for the fractional precipitation of (+)-dihydromyricetin at different ultrasonic powers and gas flow rates
at 5 oC
Fractional

precipitation type
Ultrasonic
power (W)

Gas flow rate
(L/min)

n
(-)

k
(-)

Ea**

(J/mol)
r2

(-)
Control* - - 0.7431 0.0085 - 0.8272

With ultrasonic
cavitation bubble

080 0.9941 0.0934 5,543 0.9886
180 0.7410 0.2164 7,486 0.9805
250 - 0.8145 0.2329 7,656 0.9852
380 0.8195 0.2405 7,730 0.9987
540 0.5637 0.5528 9,655 0.9680

With gas bubble
- 0.185 0.6180 0.1441 6,546 0.9492
- 0.650 0.6901 0.1988 7,290 0.8846
- 1.750 0.9730 0.2089 7,404 0.7487

*Conventional fractional precipitation
**Ea=Ea, ultrasonic cavitation bubble or gas bubbleEa, control

1.5006×1010 (80W), 1.6690×1010 (180W), 1.7102×1010 (250W),
2.1396×1010 (380 W), and 2.7394×1010 cm2/s (540 W), 5.1 to 9.2
times higher than that of the conventional fractional precipitation.
In addition, the gas bubble-fractional precipitation had DAB values of
1.0874×1010 (0.185L/min), 1.2573×1010 (0.65L/min), and 1.2923×
1010 cm2/s (1.75 L/min), 3.7 to 4.4 times higher than that of the
conventional precipitation. An increased diffusion coefficient in a
fractional precipitation greatly affects the homogeneous nucleation
[10,22,23]. It was clear from the DAB values that both the ultrasonic
cavitation bubbles and the gas bubbles affected the diffusion during
the precipitation. Additionally, the ultrasonic cavitation bubbles
within the ultrasonic power range of 80 to 540W affected the frac-
tional precipitation more than the gas bubbles at gas flow rates of
0.185 to 1.75L/min. This might be attributed to the effect of hotspots,
microjets, and shock waves caused by the collapse of the cavita-
tion bubbles [9,10,24]. As the diffusion coefficient increased, the
mass transfer between molecules was facilitated, leading to easier
precipitation and improved precipitation efficiency [10,11].
4. Kinetic Analysis

Kinetic analysis was performed for the fractional precipitation
of (+)-dihydromyricetin at 5 oC with ultrasonic cavitation bubbles
and gas bubbles by applying the experimental data of Fig. 3 and
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Fig. 4 to the JMAK equation. That is,  versus

logt was plotted using Eq. (3). Then the JMAK factor (n) and the
rate constant (k) were determined from the slope and intercept.
These values are presented in Table 2. For the conventional frac-
tional precipitation, k was 0.0085, and n was 0.7431 [11]. Whereas,
for the ultrasound-fractional precipitation (80-540 W) and the gas
bubble-fractional precipitation (0.185-1.75 L/min), the k values
were 0.0934 to 0.5528 and 0.1441 to 0.2089, and the n values were
0.5637 to 9941 and 0.6180 to 0.9730, respectively. The k values
increased by 11.0 to 65.0 times in the ultrasound-fractional precip-
itation and 17.0 to 24.6 times in the gas bubble-fractional precipi-
tation compared to the conventional fractional precipitation. The
activation energy changes Ea (Ea,ultrasoniccavitationbubbleorgas bubble)Ea, control)
according to the Arrhenius equation were 5,543 (80 W), 7,486
(180W), 7,656 (250W), 7,730 (380W), and 9,655J/mol (540W)
in the ultrasound-fractional precipitation. Meanwhile, the activa-
tion energy changes for the gas bubble-fractional precipitation were
6,546 (0.185 L/min), 7,290 (0.65 L/min), and 7,404 J/mol (1.75
L/min). Therefore, the activation energy was reduced by introduc-
ing ultrasonic cavitation bubbles and gas bubbles. In addition, as
the ultrasonic power and gas flow rate increased, the activation
energy decreased further. As a conclusion, introducing ultrasonic
power and gas bubbles could decrease the activation energy and
improve the precipitation rate. The results are similar to those ob-
tained in the fractional precipitation of paclitaxel where ultrasonic
power was introduced [8].
5. Thermodynamic Analysis

A fractional precipitation was conducted for (+)-dihydromyrice-
tin with the ultrasonic power of 180 W and varying temperatures
(5, 15, and 25 oC). To carry out the thermodynamic studies, the
minimum ultrasonic power (180 W) to obtain a yield greater than
99% was adopted considering precipitation efficiency (Fig. 6). The
yields were 100% (5 oC), 84.17% (15 oC), and 69.71% (25 oC) during
the 30 min precipitation time. The lower the precipitation tempera-
ture, the higher the precipitation yield. The highest precipitation
efficiency for (+)-dihydromyricetin could be achieved at the ultra-
sonic power of 180 W and at 5 oC. Meanwhile, in order to investi-
gate the thermodynamic changes in the transition state, H* and
S* were determined. The rate constant k, which was obtained from
each applied temperature through the JMAK equation, was applied
in the Eyring equation in Eq. (5). G* was determined through
Eq. (6) (Table 3). H* was a negative value (12.799 kJ/mol), which
meant that the precipitation was exothermic, and S* was also
negative (226.272J/mol·K), meaning that the precipitation included
an associative mechanism [25,26]. The G* values were 50.158

1
1  X t 
-----------------ln

 
 
 

log

Fig. 6. Effect of temperature on the yield of (+)-dihydromyricetin
obtained by ultrasonic cavitation bubble-assisted fractional
precipitation at 180 W.

Table 3. Values of activation parameters and thermodynamic parameters for the ultrasonic cavitation bubble-assisted fractional precipita-
tion of (+)-dihydromyricetin at different temperatures

Temperature
(oC)

Ke

(-)
Ea

(kJ/mol)
H*/Ho

(kJ/mol)
S*/So

(J/mol·K)
G*/Go

(kJ/mol)
05 0.875

10.385 12.799/7.753 226.272/28.732
50.158/0.309

15 0.855 52.420/0.375
25 0.697 54.683/0.894

(5 oC), 52.420 (15 oC), and 54.683kJ/mol (25 oC), which were all posi-
tive and they increased as the precipitation temperature increased.
This means that the reactions were nonspontaneous, thus addi-
tional energy was required [25]. The thermodynamic parameters
such as Ho, So, and Go obtained through the van’t Hoff equa-
tion in Eq. (7) and Eq. (8) are presented in Table 3. The Ke values
were 0.875 (5 oC), 0.855 (15 oC), and 0.697 (25 oC), which decreased
as the precipitation temperature increased. This trend was because
Ea was negative (10.385 kJ/mol); thus, the precipitation became
more active at a lower temperature. The Ho was negative (7.753
kJ/mol) and exothermic and So was also negative (28.732 J/mol·
K) as shown in Table 3, indicating that randomness or disorder
was reduced during the precipitation process. Furthermore, the
Go values increased to 0.309 (5 oC), 0.375 (15 oC), and 0.894 kJ/
mol (25 oC) according to the temperature increase, and the precip-
itation was non-spontaneous as the values were all positive [15].

CONCLUSIONS

The purification efficiency of (+)-dihydromyricetin was dramati-
cally improved by ultrasonic cavitation bubble- and gas bubble-
assisted fractional precipitation. The precipitation time was reduced
by 40 times compared to the existing precipitation method. As a
result of examining the precipitation mechanism, it was found that
the bubble itself acts as a nucleation site, resulting in faster nucle-
ation and thereby improving precipitation efficiency. The yield of
(+)-dihydromyricetin increased as the precipitation temperature
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(5-25 oC) decreased, the ultrasonic power (80-540 W) and gas flow
rate (0.185-1.75L/min) increased. In addition, compared to the con-
ventional method, the particle size was reduced by 4.0-7.4 times
(cavitation bubbles) and 3.7-4.4 times (gas bubbles) and the diffu-
sion coefficient increased by 5.1-9.2 times (cavitation bubbles) and
3.7-4.4 times (gas bubbles), indicating that these bubbles also affect
the homogeneous nucleation in a solution. Furthermore, the pre-
cipitation rate constant was increased by 11.0-65.0 times and 17.0-
24.6 times and the activation energy was decreased by 5,543~
9,655 J/mol and 6,546~7,404 J/mol, which resulted in an im-
proved precipitation rate. The thermodynamic parameters Ho,
So, and Go were negative (7.753 kJ/mol), negative (28.732 J/
mol·K), and positive (0.309-0.894 kJ/mol at 5-25 oC), respectively,
revealing the exothermic and non-spontaneous nature of the pre-
cipitation.
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