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A B S T R A C T   

This study is aimed to explore the feasibility of ultrasound on enhancing the fermentation properties of ginkgo 
kernel juice by Lactiplantibacillus plantarum Y2. Specifically, ultrasound at 20 kHz and different intensities (mild 
ultrasound intensity-84.42 W/L, moderate ultrasound intensity-115.50 W/L, high ultrasound intensity-173.88 
W/L) with a pulse mode were applied to facilitate the fermentation process. The number of viable cells of 
Lactiplantibacillus plantarum Y2 increased by 5.06, 5.05 and 2.19% in the sonicated groups at 173.88, 115.50 and 
84.42 W/L, compared with the non-sonicated juice after 24-h fermentation. Furthermore, mild intensity ultra
sonication improved the permeability of the cell membrane, which is beneficial for the metabolism of phenolics, 
amino acids and organic acids. Ultrasonication increased in-vitro antioxidant activity of fermented ginkgo kernel 
juice by promoting the metabolism of phenolic acids, such as ferulic acid, chlorogenic and caffeic acids. At the 
end of fermentation, the sonicated group at 84.42 W/L has the maximum consumptions of total sugars and 
proteins (increased by 12.52 and 18.73%). Moreover, the reduction rate of the poison material 4′-O-methyl
pyridoxine (MPN) in ginkgo kernel juice increased by more than 16.40% with ultrasound treatment at 173.88 W/ 
L after the fermentation for 48 h. Overall, ultrasound can improve the metabolizations of Lactobacillus plantarum 
and reduce the toxic substances, which promoted the nutritional value and flavors of ginkgo kernel juice.   

1. Introduction 

Ginkgo biloba kernels are known to contain various biologically 
active substances, including terpenoids, flavonoids, polyphenols, and 
organic acids [1]. They have been traditionally used for both food and 
medicine and are recognized for their therapeutic and medicinal prop
erties, such as enhancing brain function, reducing cholesterol levels, and 
acting as an antioxidant [2]. Despite their potential for a wide range of 
applications, the ginkgo kernel product is not marketable in many 
countries due to the presence of the toxic substance 4′-O-methylpyr
idoxine (MPN), an analogue of vitamin B6, also the ginkgoid acid and 
hydrogen cyanide [3]. MPN has been found in canned ginkgo boiled 

products at levels ranging from 0 to 25 μg/mL [4]. Excessive con
sumption of ginkgo kernels can result in toxic effects on the cranial 
nerves, gastrointestinal, and respiratory system [5]. Although there 
have been considerable researches on ginkgo biloba, relatively little 
research was conducted on ginkgo kernels. Various ginkgo products 
such as ginkgo tea, ginkgo wine, and ginkgo beverages are readily 
available in the market, but limited research has been conducted related 
to lactic acid bacteria (LAB) fermented ginkgo kernel juice drinks [6]. To 
address this issue, numerous efforts have been made to improve the 
fermentation of ginkgo kernel juice, reduce its toxicity, and explore its 
development and application. 

Across various fermentation methodologies, the process of probiotic 
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fermentation exhibits the capacity to enhance the sensory attributes of 
products through the bioconversion of specific organic acids and 
phenolic compounds [7]. Some secondary metabolites (produced by 
LAB fermentation) are very beneficial to the human body, improving the 
activity of antioxidant enzymes in cells and producing more active 
substances [8]. To obtain a comprehensive understanding, it is neces
sary to conduct a comparative analysis encompassing microbial growth, 
carbohydrate and protein profiles, organic acids, volatile compounds, 
and phenolic compounds. In our previous study, it was demonstrated 
that the antioxidant and antibacterial activities of fermentation samples 
with L. plantarum could be observably improved, while the content of 
MPN was decreased [8]. However, there is still much space for 
improvement in terms of the fermentation capacity of L. plantarum, 
nutrient utilization, degradation of toxic substances, and flavor 
enhancement. Considering the positive impacts of mild ultrasound on 
fermented food, it can be considered a potential technology to help 
microorganisms adapt to the reaction environment during the fermen
tation of ginkgo products. 

Generally, ultrasound is a physical technique that has various bio
logical, sonochemical effect and cavitation effects, ranging from damage 
to efficiency, related to the intensity used [9]. For instance, ultrasound 
treatment has a positive influence on improving the fermentation effi
ciency of L. plantarum, promoting cell growth and metabolism, and 
enhancing the fermentation process and maturation, leading to improve 
some physicochemical and sensory properties of fermented foods (i,e., 
texture, color, flavor, etc.) [10]. When ultrasound is transmitted through 
a liquid medium, which generates a cavitation effect. It will reduce the 
cavitation bubbles subsequently expand and collapse, including strong 
mechanical, thermal, and chemical influences that can be liberated into 
the surrounding fluid. Other than that, hydraulic cavitation has also 
been shown to have this function [11,12]. This mechanical shock 
generated by the propagation of the implosion of cavitation bubbles 
leads to enhance various mass transfer processes, which increases the 
rate of cellular uptake and adsorption reaction without adversely 
affecting cell morphology [12]. There is a study that used different in
tensities of ultrasound (5, 10, 15 and 20% of 37 kHz) to treat Lactica
seibacillus casei LUHS210 fermented cereal drinks to prepare by- 
products. The changes in porosity, specific volume and so on may be 
related to this cavitation [13]. Some ultrasound conditions are set up to 
assist or detect the fermentation process [14]. For instance, in the study 
by Ojha et al. [7], it was found that ultrasound could be the measure
ment to monitor the progress of fermentation or to promote fermenta
tion. High-frequency ultrasound (>2 MHz) can be used as a tool to 
measure chemical composition changes during fermentation. Low- 
frequency ultrasound (20–50 kHz) can influence the fermentation pro
cess by improving mass transfer and cell permeability, thereby 
increasing process efficiency and production rate. Also, Yu et al. [10], 
concluded from a large number of literature review that short-term ul
trasound within 30 min at a relatively low power (≤100 W), the pro
liferation of microorganisms in fermented food species was observed, 
which promoted enzyme activity and metabolic performance. In addi
tion, high-power ultrasound (≥100 W) promotes reactions such as 
oxidation and hydrolysis in fermented foods to promote the maturation 
of fermented foods. In the study of Shokri, et al. [15], they used 23 kHz 
ultrasound and 3 main waves of 10 µm amplitude for 5 min were 
employed to improve the fermentation process. During the fermentation 
process, they hypothesized that L. brevis was suitable for the production 
of GABA-rich fermentation products after low-intensity ultrasound (20% 
amplitudes), some positive microbial responses from short L. brevis were 
observed including the increasing cell count and SGR value, while at 
higher intensity amplitude (30% amplitudes). Therefore, screening for 
suitable ultrasonic conditions can significantly contribute to the growth 
of bacteria and their active substance content during microbial 
fermentation. Wang et al. [16] employed the moderate-intensity soni
cation (58.3 and 93.6 W/L) in three growth stages of L. plantarum during 
the 48-h fermentation of apple juice. The influences of ultrasonic power 

densities on the microbial growth and the metabolization of bioactive 
substances (including amino acids and phenolics), and antioxidant ca
pacity were investigated in the fermented apple juice by L. plantarum. 
L. plantarum responded significantly to sonication in the lag and log 
phases, and microbial growth was promoted and the biotransformation 
of malic acid was enhanced. Biosurfactant production by L. plantarum 
has also been shown to increase under ultrasound, reinforcing the 
adsorption of toxic substances [17]. However, according to literature 
reviews, few studies have focused on the ultrasound-assisted fermenta
tion of ginkgo kernel juice by L. plantarum. Therefore, it is necessary to 
clarify the influence of ultrasound in the fermented ginkgo kernel juice 
and select the suitable fermentation conditions. 

In this study, L. plantarum Y2 was separated from the seed coat of 
ginkgo biloba fruit was selected as the fermentation culture to investi
gate the effect of ultrasonic parameters (e.g., ultrasonic intensity and 
ultrasonic time) on the metabolic response and antioxidant properties 
during the 48-h fermentation of ginkgo kernel juice. Alterations in the 
growth of L. plantarum Y2, the metabolite contents (sugars, phenolics, 
amino acids and organic acids) as well as antioxidant capacity in vitro 
were identified over the entire duration of the fermentation. These re
sults can make up the research gap of ultrasound-assisted fermentation 
of plant-based juice using L. plantarum. 

2. Materials and methods 

2.1. Preparation of strain and ginkgo kernel juice 

L. plantarum Y2 was previously isolated from the surface of Ginkgo 
biloba kernels through screening and then stored at − 20 ◦C [8]. To 
obtain primary inoculum, Ginkgo biloba kernels were inoculated in MRS 
medium at a ratio of 1:1.5 (g: mL). Then it was incubated at 37 ◦C for 24 
h. Individual colonies were obtained from the fermentation broth by 
plating on MRS plates and culturing at 37 ◦C for 24 h. The resulting 
colonies were then transferred to MRS medium, preserved in 40% 
glycerol, and stored in a − 70 ◦C refrigerator. 

Ginkgo biloba (Heartless Ginkgo) samples were harvested from the 
campus of Jiangsu Ocean University in September 2022. The Ginkgo 
biloba kernels were separated, washed and boiled for 10 min. Next, they 
were stripped of their shell and seed coat, and washed with water before 
being pulped according to the ratio of Ginkgo biloba to distilled water 
(4:1 g/mL). The starch solubility needed to exceed 81.45%. α-Amylase 
(20 U/g) and saccharifying enzyme (30 U/g) were added as required, 
and the mixture was liquefied and saccharified in a temperature- 
controlled water bath at 50 ◦C for 2 h. After digestion, the acquired 
specimen underwent an initial filtration procedure utilizing a 100-mesh 
filter, followed by its exposure to a water bath set at a temperature of 
90 ◦C for a duration of 20 min. This treatment regimen was employed 
with the intention of eradicating non-budding pathogenic microorgan
isms present within the sample [18]. 

A 1% (v/v) inoculum per 100 mL of sterilized ginkgo kernel juice was 
inoculated into a 250 mL sealed conical flask, with an initial live count of 
approximately 6.54 Log CFU/mL. The fermentation was conducted in an 
incubator at 37 ◦C for 48 h, and samples were obtained at 0, 4, 12, 24, 36 
and 48 h. Subsequently, bacterial cells were eliminated through 
centrifugation at 10,000×g and 4 ◦C for 10 min. The resulting super
natant was then collected for subsequent chemical analysis. 

2.2. Ultrasound-assisted fermentation of ginkgo kernel juice 

Ultrasound treatment was conducted using a 20 kHz ultrasound 
processor (GZ98-III, Wuxi Gangzheng Technology Co., China). The ul
trasonic probe was put at a constant position and 1 to 2 cm underneath 
the surface of the ginkgo kernel juice for a certain time. The sonicated 
samples were put in an ice-filled container to keep the temperature at 
30 ◦C during the period of sonication. The impacts of sonication at 
84.42, 115.50 and 173.88 W/L on the physiological properties of 

J. Chen et al.                                                                                                                                                                                                                                     



Ultrasonics Sonochemistry 99 (2023) 106587

3

microbial strain and composition of ginkgo kernel juice was studied, a 
temperature of 30 ◦C. Ultrasonication was conducted in a pulsed mode 
of 5 s on, 5 s off, total time lasted for 6 min. At the fermentation for 0, 4, 
12, 24, 36 and 48 h, around 2 mL of unfermented and fermented juice 
was taken and the supernatant was carefully collected after centrifuga
tion (10,000×g, 10 min, 4 ◦C) for the further physicochemical analysis. 

2.3. Analytical methods 

2.3.1. Viable cell counts and pH value 
The determination of viable cell counts was carried out using the 

standard plate method [19]. The fermentation broth was appropriately 
diluted and then spread on MRS culture medium. The pH changes of the 
non-sonicated and sonicated ginkgo kernel juice during fermentation 
were monitored using a pH meter (PHS-3C, Shanghai INESA Scientific 
Instruments Co., Ltd., China). 

2.3.2. Cell morphology of L. plantarum Y2 
Morphological characterization was performed using a HITACHI 

transmission electron microscope, model HT7800. The resolution in 
scanning transmission mode was 0.20 nm and the magnification ranged 
from 50 to 1,000× for low resolution and 200–200,000× for high res
olution. The pixel size was 1024 × 1024 and the frame rate was 160 fps. 
The L. plantarum Y2 fermented for 4 and 12 h were treated with three 
ultrasonic intensities (84.42, 115.50 and 173.88 W/L) and observed 
under electron microscope. 

2.3.3. Contents of total proteins 
The change in total protein concentration during the fermentation of 

ginkgo kernel juice was analyzed according to the Komas Brilliant Blue 
assay [20], with minor modifications. Briefly, a 0.1 g fermentation broth 
was used for protein extraction along with 3 mL of extraction buffer 
(200 mM Tris, 10 mM EDTA, pH 5.5). The supernatant obtained was 
then assayed for protein content at an ultraviolet absorbance value of 
595 nm using Komas Brilliant Blue G-250 (Suzhou Biotech, China). 
Thereafter, soluble protein contents in non-sonicated and sonicated 
ginkgo kernel juice were determined by utilizing the standard curve 
generated from bovine serum albumin (BSA) (Suzhou, China) as a 
standard and total protein content in samples was expressed as mg/mL. 

2.3.4. Contents of total sugars 
The total sugar contents of unfermented and fermented ginkgo 

kernel juice were determined by the phenol sulphate method [21]. 
Briefly, sugars in unfermented and fermented ginkgo kernel juice were 
hydrolyzed into monosaccharides by concentrated H2SO4, such dehy
drated components can combine with phenol to form products with 
yellow or orange color. The absorbance of the products was recorded by 
UV–vis spectrometry at 470 nm. Glucose was used to establish the 
standard curve and the results were expressed as the mg/mL of glucose 
equivalents. 

2.3.5. Total phenolic content 
The total phenolic content of unfermented and fermented ginkgo 

kernel juice was determined by the Folin-Ciocalteu method with slight 
modifications [22]. Specifically, the diluted unfermented or fermented 
ginkgo kernel juice was mixed with diluted Folin-Ciocalteu reagent 
(10% concentration) in proportion to 1:5 (v:v). After reacting for 3 min, 
2 mL of Na2CO3 (7.5% w/v) was added to. The resulting mixture was 
then stored at 20 ◦C and avoided the light for 45 min and the absorbance 
was measured at 765 nm. The calibration curve was established using 
gallic acid (GA, purity >99.9%) as a standard and the result was 
expressed as mg GAE/L. 

2.3.6. Total flavonoids content 
The total flavonoid content was determined by referring to the 

method of Kwaw with minor modifications [23]. A mixture of 1 mL of 

the sample, 4 mL of distilled water, and 0.3 mL of 5% (w/v) NaNO2 was 
prepared by vortexed and left to stand for 4 min. Subsequently, 1 mL of 
10% AlCl3 (w/v) was added and mixed, and allowed to stand for 4 min. 
Then, 2 mL of NaOH (0.1 mM) and 2.4 mL of distilled water were added 
to bring the final volume to 1 mL. The mixture was put at 20 ◦C for 10 
min with occasional shaking, and the absorbance of fermented juice was 
determined at 510 nm. A standard curve was established using rutin as a 
standard the results were expressed in µg/mL of rutin equivalents. 

2.3.7. Contents of individual phenolic compounds 
HPLC analysis was performed to identify and quantify the individual 

phenolic compounds in unfermented and fermented ginkgo kernel juice 
[24]. The device used was the Agilent 1260 HPLC system coupled with a 
chromatographic column (Inertsil ODS-35, 4.6 × 250 mm, 5 µm). Mobile 
phases A and B was consisted of aqueous 1% (v:v) acetic acid and 
methanolic 1% (v:v) acetic acid. The flow rate, injection volume and 
column temperature were 0.6 mL/min, 20 μL and 25 ◦C, respectively. 
The gradient was set as: 0–10 min, 10–26% B; 25 min, 40% B; 45 min, 
65% B; 55 min, 95% B; 58 min, 10% B; 65 min, 10% B. The phenolic 
acids and flavonoids were measured at 280 nm and 350 nm, respec
tively. HPLC grade phenolic standards (gallic, hippuric, protocatechuic, 
chlorogenic, p-hydroxybenzoic, p-vinyl guaiacol, rhizobin, rhizolic, 
cinnamaldehyde, caffeic, eugenic, p-coumaric, ferulic, homovanillic, 
catechin and proanthocyanidinB2) (purity > 99.9%) were applied to 
establish the calibration curves. 

2.3.8. Contents of organic acid 
The organic acid profiles in unfermented and fermented ginkgo 

kernel juice were analyzed using a Shimadzu LC-2010A system (Shi
madzu, Tokyo, Japan) equipped with an Agilent TC-C18 column (4.6 ×
25 mm, 5 µm) [25]. Isocratic elution was performed using 0.08 M 
KH2PO4 solution (pH 2.5) and the measurement was carried out at 210 
nm. The column temperature, flow rate and injection volume were set to 
30 ◦C, 0.7 mL/min and 20 μL, respectively. HPLC grade organic acids 
(oxalic acid, quininic acid, lactic acid, pyruvic acid, mango acid, malic 
acid, citric acid, fumaric acid and succinic acid) (purity > 99.9%) were 
selected as standards to establish the calibration curves. 

2.3.9. Contents of free amino acid 
The amino acid compositions in unfermented and fermented ginkgo 

kernel juice were analyzed based on a Shimadzu LC-2010A system 
(Shimadzu, Tokyo, Japan) equipped with an Agilent 2622PH column 
(4.6 × 60 mm I.D.) [26]. The flow rate was carefully adjusted to 0.4 mL/ 
min, while the column temperature was precisely maintained at 57 ◦C 
throughout the experiment. The reaction temperature was set to a 
controlled 135 ◦C, and the detection wavelength was specifically 
selected at 570 nm. For each analysis, a precise injection volume of 20 µL 
was used. HPLC-grade free amino acid standards (purity > 99.9%) were 
bought as standards to establish the calibration curves. 

2.3.10. Volatile profile 
Analysis of volatile components were performed using gas 

chromatography-mass spectrometry (GC-IMS). The air from the vial was 
expelled by filling the headspace vial with nitrogen [27,28]. The thermo 
RSH autosampler was used to hold 5 mL of the sample and the extraction 
head was aged at 250 ◦C for 30 min after being placed into the gas 
chromatography inlet. The bake oven was set at 80 ◦C, the water bath 
was kept for 20 min, and the absorbent extraction was lasted for 30 min. 
After the extractor head was inserted into the inlet port for 5 min of 
resolution, the extraction process was completed automatically using 
the SPME module of the inlet, and the data was collected with the start- 
up instrument. 

Separation and collection of volatile components were conducted 
using a triple quadrupole gas chromatograph (Trace 1310/TSQ 9000, 
Thermo Scientific) [28]. The gas chromatographic separation was per
formed using a TG-5MS capillary column, and the carrier gas used was 
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He (99.999%). The ionization mode was El, with the electron energy set 
at 70 eV, and the scan mass range was 33–450 amu. The column tem
perature was initially set to 50 ◦C for 5 min, followed by a gradual in
crease to 200 ◦C at a rate of 5 ◦C per minute for 2 min. Finally, the 
temperature was further increased to 250 ◦C at a rate of 10 ◦C per minute 
for 2 min. HPLC-grade volatile components standards (catechin, hip
puric acid, homovanillic acid, p-coumaric acid, phloretin, p-vinyl 
guaiacol, proanthocyanidinB2, chlorogenic acid, p-hydroxybenzoic acid, 
Syringic acid, hypochlorous acid, ferulic acid, cinnamic aldehyde, gallic 
acid, protocatechuic acid, caffeic acid, rutin, quercetin) were selected as 
standards to establish the calibration curves. The results were expressed 
in relative content (%). 

2.3.11. Content of 4′-O-methylpyridoxine (MPN) 
The content of MPN in fermented ginkgo kernel juice was deter

mined following the method of Yoshimura et al. [29], the mobile phase 
and gradient elution were modified. The Agilent 1260 HPLC instrument 
equipped with a fluorescence detector and ZORBAX SB-C18 column 
(250 × 4.6 mm, 5 μm) was used to analyze MPN in ginkgo kernel juice. 
The mobile phases A consisted of 5 mM K3PO4 and 5 mM C5H13NaO3S 
(pH 2.5). 100% CH3CN was used as mobile phase B and gradient settings 
of 0–10 min, 4–10% B; 15 min, 15% B; 30 min, 4% B. The column 
temperature and flow rate were set at 30 ◦C and 1.0 mL/min, respec
tively. The injection volume and the detection wavelength were 20 μL 
and 291 nm, respectively. 

2.3.12. Antioxidant activity of ginkgo kernel juice in vitro 
The antioxidant activities of non-sonicated and sonicated ginkgo 

kernel juice were determined by free radical scavenging activity 
(ABTS.+) and iron-reducing antioxidant power (FRAP), as described in 
the previous research [30]. The calibration curves were using Trolox and 
FeSO4 as standards, and the results were expressed as mM Trolox and 
mM Fe2+. 

2.4. Statistical analysis 

All experiments and analyses were performed in triplicate. Statistical 
analysis was conducted using SPSS Statistics 20 (IBM Corp., NY, USA), 
with significance determined at p < 0.05. Principal component analysis 
was conducted using Origin 2018 (Origin Lab Corp., UK). The experi
mental data are presented as mean ± standard deviation. 

3. Results and discussion 

3.1. Effect of ultrasound-assisted fermentation on viable cell count of 
L. plantarum Y2 and pH value 

The degree and ability of microbial growth and metabolism are 
represented by cellular activity. The promoting effect of different ul
trasound intensities on the cells of strain Y2 was observed during the 
fermentation process, as evidenced by changes in the viable bacteria 
count of strain Y2 (Fig. 1A). It was found that the number of viable 
bacteria of L. plantarum Y2 in the fermentation broth was directly pro
portional to the fermentation time and gradually decreased after 24 h, 
due to the reduced metabolic capacity of the system in the late stages of 
fermentation and the threatening effect of the lower pH on the repro
duction of L. plantarum [31]. The number of viable bacteria in all soni
cated groups in the logarithmic and stable phases was higher than that in 
the non-sonicated group, as shown in Fig. 1A. In particular, after 
fermentation for 24 h, the bacterial counts in the non-sonicated group 
and sonicated groups at 173.88, 115.50 and 84.42 W/L were 11.15, 
12.41, 12.51 and 12.95 Log CFU/mL, respectively. These results indicate 
that different intensities of ultrasound affect the metabolic reproduction 
rate of L. plantarum Y2 to different degrees. Throughout the whole 
fermentation period, ultrasound treatment at 173.88 W/L consistently 
had the highest values of viable bacteria, implying that the ultrasonic 
intensity in this group was the most impactful in promoting the growth 
of L. plantarum Y2. Generally, the permeability of cell membranes can be 
improved by the cavitation effect produced by mild ultrasound treat
ment, which can accelerate the growth and reproduction of cells [32]. 
The leaching of nutrients from the juice, facilitated by ultrasound 
treatment, may have been rapidly absorbed and used by L. plantarum Y2 
to promote its growth and reproduction. 

A trend of continuous decline in the pH value of both non-sonicated 
group and sonicated groups at 84.42, 115.50 and 173.88 W/L was 
observed, in line with Fig. 1B. The pH of the ultrasonic fermented broth 
was lower than that of the conventional fermentation broth, which was 
dropped significantly in the first 12 h of fermentation, the pH decreased 
from 6.11 ± 0.01 at the beginning to 3.81 ± 0.04, 3.73 ± 0.05, 3.75 ±
0.02 and 3.7 ± 0.04 in the unfermented group, 84.42, 115.50 and 
173.88 W/L sonicated groups respectively. In the study of Liao et al. 
[33], ultrasound increased the consumption of lactose to produce 
glucose and galactose, thus the pH value has dropped. In addition, ac
cording to Shokri and Gholamhosseinpour et al. [34,35], ultrasound can 
accelerate the acidification of L. plantarum subspecies by increasing the 
activity level of extracellular β-galactosidase, thus promoting the hy
drolysis of lactose. It was observed that the pH decreased gently between 
12 and 48 h of fermentation and steadily between 3.49 ± 0.02 and 3.51 

Fig. 1. The Viable cell count (A) and changes of pH during the fermentation of ginkgo kernel juice (B) during the fermentation of ginkgo kernel juice for 48 h.  
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± 0.01 at the 48-h fermentation. Considering that the fermentation of 
L. plantarum Y2 is entering its decay phase and the acid production ca
pacity has reduced. 

3.2. Effect of ultrasound-assisted fermentation on the microbial 
morphology 

The effects of ultrasonic intensity and fermentation time on 
L. plantarum Y2 cell morphology are illustrated in Fig. 2, where the 
degree of cell rupture is directly proportional to the ultrasonic in
tensities. A slight rupture of the cell membrane was observed in the 

ultrasound-assisted fermentation at 173.88 W/L compared to the non- 
sonicated group in the fermentation for the first 4  and 12 h (the 
length of cell lysates is 300–400 nm), probably resulting in the leaching 
of some intracellular nutrients into the extracellular environment. 
However, in the ultrasound groups with 84.42 and 115.50 W/L (the 
length of cell lysates are 50–100 nm and 150–200 nm, respectively), it’s 
slighter than the 173.88 W/L ultrasound group. Therefore, it is deduced 
that the ultrasound intensity and duration did not cause obvious 
destruction to the cells, resulting only in a slight rupture. The cells were 
able to gradually recover during the fermentation processes [36]. It was 
reported that ultrasound has been shown to enhance the cell membrane 
permeability on the surface of L. plantarum and remove metabolic by- 

Fig. 2. The microstructure of L. plantarum Y2 cell at different sonication conditions and durations observed by Transmission electron microscopic (TEM).  
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products, thereby facilitating the mass transfer of L. plantarum cells [37]. 
It was speculated in the study of Lu. [38] et al. that the cavitation 
generated by ultrasound treatment improves the efficiency of nutrient- 
microorganism interactions and enhances the leaching rate of intracel
lular substances, then accelerating microorganism growth. However, it 
has also been shown that excessive ultrasound treatment may cause 
physical damage and change of microbial cell membranes, leading to 
leakage of cell contents and cell death [39]. 

3.3. Effect of ultrasound-assisted fermentation on total sugar and protein 
contents 

The total sugar content in all the fermented ginkgo kernel juice 
exhibited a declining trend during the whole fermentation process, as 
illustrated in Fig. 3A. This was particularly evident in the fermentation 
for 48 h, the total sugar content of non-sonicated and sonicated ginkgo 
kernel juice (84.42, 115.50 and 173.88 W/L) decreased significantly 
from 126.83 ± 2.74 mg/mL to 75.21 ± 3.62, 59.33 ± 2.91, 63.52 ±
1.76 and 65.71 ± 3.27 mg/mL, respectively. During fermentation, the 
total sugar content of all three sonicated groups was lower than the non- 
sonicated group. After fermentation, the total sugar consumption for the 
un-sonicated group was 40.5%, and ultrasonication at 84.42 and 173.88 
W/L promoted total sugar consumption by microbial strains (48.2% ~ 
53.5%). This result suggests that the mild ultrasound intensity was more 
helpful to increase the degree of sugar consumption by L. plantarum, 
providing more energies for microbial growth [8]. 

The in-process ultrasonication during probiotic fermentation by 
L. plantarum Y2 had certain effect on total protein content in ginkgo 
kernel juice. Total protein content in fermented ginkgo kernel juice 
exhibited a continuous decreasing trend. According to Fig. 3B, the 
protein content in the original ginkgo kernel juice was 9.61 ± 0.26 mg/ 
mL, in the end of fermentation, the three sonicated samples at 84.42, 
115.50 and 173.88 W/L contained the total protein contents of 3.23 ±
0.47, 3.32 ± 0.05 and 3.55 ± 0.08 mg/mL, which was lower than the 

un-sonicated samples (5.03 ± 0.56 mg/mL). Also, there was a difference 
in the microbial metabolism of proteins at different ultrasound in
tensities. Compared with ultrasonication at high intensity (173.88 W/L), 
ultrasonication at moderate intensity (115.50 W/L) further promoted 
the decrease of soluble proteins in the ginkgo kernel juice, particularly in 
the first 4-h fermentation. These results may be due to the reason that 
ultrasound promoted the utilization of soluble proteins by L. plantarum 
during the lag phase [40]. As a result, this could have a positive impact 
on the extent of protein consumption by L. plantarum Y2 in the mild 
ultrasound intensity. As similar as the study of Shokri et al. [34], in 
which moderate intensity ultrasound also promoted the utilization of 
protein by Lactococcus lactis. 

3.4. Effect of ultrasound-assisted fermentation on the contents of total 
phenolics and flavonoids 

Phenolics, including flavonoids, are secondary metabolites produced 
by plants which affect the sensory and nutritional properties of foods 
[30]. The total phenolic content in both non-ultrasound treated and 
ultrasound treated ginkgo kernel juices experienced an increase trend in 
the first 12-h fermentation, and a decrease trend in the later 12-h 
fermentation, and a slight increase until the 48-h fermentation 
(Fig. 3C). After fermentation, there were no discernible variations in the 
total phenolic contents among all the treatments, the in-process ultra
sonication exerted certain influence on total phenolic content of ginkgo 
kernel juice. For example, after fermentation for the first 12 h, the total 
phenolic content in the ginkgo kernel juice without ultrasonication was 
523.06 ± 5.09 mg/L, whereas the samples sonicated at 84.42, 115.50 
and 173.88 W/L possessed the total phenolic contents of 496.93 ± 8.91, 
513.15 ± 8.91 and 494.23 ± 5.09 mg/L, respectively. The attenuation 
of phenolics by ultrasound could be contributed to the enhancement of 
hydrolysis of some phenolics by the extracellular enzymes produced by 
L. plantarum [41]. The drop in the fermentation between 12 and 24 h 
may be due to the decarboxylation of some phenolics. For example, 

Fig. 3. The changes in the contents of total phenolics (A), flavonoids (B), proteins (C) and sugars (D) during the fermentation of ginkgo kernel juice for 48 h.  
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these extracellular enzymes produced by the microbial strains, i.e. 
general decarboxylase, could convert p-coumaric and caffeic acids to p- 
vinyl guaiacol, which is further transformed to volatile phenolic com
pounds such as ethyl derivatives [42]. In the end of fermentation, total 
phenolic contents in all the ginkgo kernel juices were decreased from 
448.73 ± 4.45 to 453.24 ± 8.28 mg/L, and there was no distinction in 
the total phenolic content among samples with and without sonication. 

Changes in total flavonoid content of unfermented and fermented 
ginkgo kernel juices with and without ultrasound assistance is presented 
in Fig. 3D. The content of total flavonoids in all groups showed an 
obviously increase trend during the first 12-h fermentation, roughly, 
from 57.22 to 104.22 ~ 137.01 mg/L. After fermentation for 12 h, the 
ultrasound-treated samples at 173.88 W/L possessed the highest total 
flavonoid content, being 137.01 ± 5.31 mg/L, compared with 104.22 ±

3.92 mg/L in the non-sonicated sample. This is consistent with the in
crease in phenolics described above, the ultrasound also promotes the 
conversion of some flavonoids [42]. Then, the higher power ultrasound 
group (115.50 and 173.88 W/L) showed a decreasing trend from 12 to 
48 h of fermentation, however, the mild power ultrasound group (84.42 
W/L) and the non-sonicated group were showed a slow increasing trend. 
The final values were ranging from 97.22 to 118.22 mg/L. The sonicated 
group at 84.42 W/L was the most beneficial to the increment of total 
flavonoids, with the content of 118.22 ± 3.15 mg/L at the end of 
fermentation (48 h). This could be that the mild intensity (84.42 W/L) 
ultrasound promotes the growth of microorganisms, which in turn 
secrete some extracellular enzymes such as β-glucosidase, p-coumaric 
acid decarboxylase and therefore promote the conversion of phenolic 
substances [41]. Similar as the results obtained by Elnour et al. [43,51], 

Fig. 4. Principal component analysis (PCA) plots for organic acids free, amino acids and phenolic acids during ultrasound assisted fermentation of ginkgo kernel 
juice. A and B: free amino acid scores and loading plots for samples fermented by ultrasound at 24 and 48 h; C and D: organic acid scores and loading plots for 
samples fermented by ultrasound at 24 and 48 h; E and F: phenolic acid scores and loading plots for samples fermented by ultrasound at 24 and 48 h. 
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the ultrasonic technique enhanced the contents of total flavonoids. 

3.5. Effect of ultrasound-assisted fermentation on contents of free amino 
acids 

The original data on the change of free amino acids under fermen
tation with and without sonication are listed in Supplementary Table S1. 
These free amino acids may be originated from the above changes in 
ginkgo kernel juice protein contents, which could be degraded into 
peptides and free amino acids [40]. The loading and score plots of PCA 
analysis of free amino acids data are illustrated in Fig. 4A and 4B. 

The first two principal components (PCs) accounted for 88.1% of the 
total variance in free amino acids, suggesting that these two PCs 
adequately captured the variations in free amino acids throughout the 
fermentation process. At the same time, the distribution of fermented 
ginkgo kernel juice samples at various stages was observed in different 
regions, indicating significant changes in the free amino acid profile 
during the fermentation process. Before fermentation, the ginkgo juice 
samples had the positive PC1 value, and after 24-h fermentation, all the 
samples had negative PC1 values, In the end of fermentation, PC1 values 
for all the samples increased. Combined with Fig. 4B, the contents of all 
detected free amino acids (Asp, Ser, Glu, etc.) first decreased and then 
increased during 48-h fermentation of ginkgo kernel juice. The decrease 
in free amino acid levels can be attributed to the catabolism of amino 
acids, which is one of the mechanisms by which microorganisms adapt 
to the fermentation environment [44]. For example, the Glu content in 
the ginkgo kernel juice was 57.11 ± 3.03 mg/L before fermentation, and 
then changed to 47.31 ± 2.06 and 54.10 ± 3.38 mg/L after fermentation 
for 24 and 48 h, respectively. This may be due to the action of 
L. plantarum decarboxylase, which could convert Glu to γ-aminobutyric 
acid [45]. Similarly, the content of Arg in all fermented samples first 
experience a decreased trend to 18.65 ~ 20.78 mg/L within 24-h 
fermentation following a continuously increase to 18.80 ~ 24.34 mg/ 
L during the late 24-h fermentation period. The consumption of amino 
acids can benefit the microbial growth, generate energies by decar
boxylation [46]. In comparison, the cellular autolysis and the release of 
proteins from the died L. plantarum may be hydrolyzed into small pep
tides and amino acids [47], which can cause the increase of amino acid 
in the later 24-h fermentation. 

From Supplementary Table S1, the contents of Leu, Gly, Arg, Val, 
Glu, Cys, Met, Ile in three sonicated ginkgo kernel juice were lower than 
that of the non-sonicated one after fermentation for 24 and 48 h. In 
addition, the lowest concentration of these amino acids in the three 
sonicated groups was observed when the fermentation reached to 24 h. 
For example, after fermentation with L. plantarum for 24 h, the contents 
of Leu and Gly in the non-sonicated group of ginkgo kernel juice was 
4.07 ± 0.16 and 1.60 ± 0.02 mg/L, respectively. In comparison, their 
contents decreased to 2.80 ± 0.87 and 1.12 ± 0.04 mg/L in the soni
cated sample at 84.42 W/L. This may be explained by that ultrasound 
properly promoted the microbial utilization of these amino acids [40]. 
Liu et al. [48] reported that Leu can be metabolized into 3-methylbutyr
aldehyde and then reacts with some sulfur compounds to produce aro
matic substances in the presence of transaminases and decarboxylases. 
Accordingly, ultrasound may facilitate the aforementioned reaction to 
affect the metabolization of amino acids. In particular, mild ultrasound 
(84.42 W/L) was able to promote the conversion of free amino acids 
appropriately, while moderate and higher intensity ultrasound (115.50 
and 173.88 W/L) was likely to be counterproductive. 

3.6. Effect of ultrasound-assisted fermentation on contents of organic 
acids 

PCA score and loading plots were combined to analyze the influence 
of the organic acids profile of fermented ginkgo kernel juice (Fig. 4C and 
4D). The original data of organic acid profile is summarized in Supple
mentary Table S2. It can be found that 84.2% of the total variance 

associated with organic acids were explained by the first two principal 
components (PCs), indicating that these two PCs were sufficient to 
explain the changes in organic acid profile during fermentation. Before 
fermentation, the ginkgo juice samples had the positive PC1 value, and 
after 24-h and 48-h fermentation, all the samples had negative PC1 
values. The loading diagram presented in Fig. 4D indicates that malic 
acid, tartaric acid, citric acid, oxalic acid, fumaric acid and succinic acid 
had positive PC1 values, whereas lactic acid, shikimic acid, pyruvic acid, 
and quininic acid had negative PC1 values. Based on both score and 
loading plots, it can be confirmed that the contents of malic acid, tartaric 
acid, citric acid, oxalic acid, fumaric acid and succinic acid descended 
with fermentation, and the contents of fumaric acid, malic acid and 
citric acid got increased. Before fermentation, the contents of malic acid 
and citric acid in the ginkgo kernel juice samples were 2443.18 ± 29.39 
and 420.28 ± 2.87 mg/L, respectively. After fermentation for 48 h, the 
abovementioned two organic acid contents in the non-sonicated group 
samples were 1676.03 ± 17.46 and 336.21 ± 2.93 mg/L. The decreased 
malic acid and increased citric acid may be related to the malolactic 
fermentation that L. plantarum converted malic acid into lactic acid and 
carbon dioxide [49]. 

As can be seen in Supplementary Table S2, the three sonicated 
groups contributed to the significant increases in quininic acid, pyruvic 
acid, shikimic acid, fumaric acid and lactic acid content. Compared with 
the sonication at 173.88 W/L, sonication at 84.42 and 115.50 W/L have 
an obviously influence on the metabolizations of organic acids. For 
instance, shikimic acid in the ginkgo kernel juice was 4.81 ± 0.78 mg/L 
before the fermentation. The maximum shikimic acid content (61.69 ±
2.10 mg/L) was obtained from the fermented ginkgo kernel juice with 
ultrasound treatment at 84.42 W/L, followed by sonicated groups at 
115.50 W/L (56.38 ± 4.51 mg/L), 173.88 W/L (55.23 ± 3.36 mg/L) and 
non-sonicated group (46.22 ± 4.96 mg/L). The increased shikimic acid 
content may be contributed by the biotransformation of phosphoenol
pyruvate acid [50], which may be facilitated by the physical effects of 
ultrasound. During the first 24-h fermentation, quininic acid content has 
the greatest increase compared with other detected organic acids. 
Compared to non-sonicated group (3395.96 ± 6.62 mg/L), the con
centrations of quininic acid in the sonication samples at 84.42, 115.50 
and 173.88 W/L were increased by 14.29% (3962.29 ± 27.04 mg/L), 
14.24% (3960.07 ± 24.83 mg/L) and 22.74% (4395.96 ± 6.62 mg/L), 
respectively. Quininic acid, lactic acid, and shikimic acids are beneficial 
to the balance between sugars and acids [51]. Accordingly, ultrasound 
at 84.42 W/L or 115.50 W/L may promote the nutritional and com
mercial values of ginkgo kernel juice by increasing these organic acid 
contents. 

3.7. Effect of ultrasound-assisted fermentation on contents of phenolic 
acids 

Bioconversions can be affected by ultrasound, impacting the quality 
and nutritional value of the fermented product. Throughout the 
fermentation, the PC1 scores of samples after ultrasound-assisted 
fermentation for 24 h were lower than those of ultrasound-assisted 
fermentation for 48 h (Fig. 4E). The detailed data was listed in Sup
plementary Table S3. The results showed that 70.4% of the total vari
ance associated with phenolic acids was explained by the two principal 
components (PCs), demonstrating that these two PCs were sufficient to 
explain the changes in organic acid profiles during fermentation. Before 
fermentation, the ginkgo juice samples had the negative PC1 value, and 
after fermentation for 24 h, the samples with ultrasound intensities of 
115.50 and 173.88 W/L had positive PC1 values, the un-sonicated and 
moderate-sonicated groups at 84.42 W/L had negative values for PC1, 
after fermentation for 48 h, all the samples had negative PC1 values. 
Based on loading plot (Fig. 4F), protocatechuic acid, p-coumaric acid, 
clove acid, hippuric acid, gallic acid, phloretin, chlorogenic acid, 
homovanillic acid and ferulic acid are on the positive side of PC1, 
whereas catechin, proanthocyanidin B2, p-hydroxybenzoic acid, cassia 
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bark aldehyde, p-vinyl guaiacol, and caffeic acid are on the negative side 
of PC1. Based on both score and loading plots, it can be confirmed that 
the contents of the former increased with fermentation, and the latter 
got attenuated. 

Before fermentation, the catechin, p-coumaric acid, p-vinyl guaiacol, 
p-hydroxybenzoic acid, ferulic acid, chlorogenic acid and caffeic acid 
content of ginkgo kernel juice were 422.20 ± 9.35 mg/L, 3.16 ± 0.11 
mg/L, 0.65 ± 0.00 mg/L, 82.13 ± 2.96 mg/L, 0.90 ± 0.02 mg/L, 2.02 
± 0.11 mg/L and 0.24 ± 0.03 mg/L (Supplementary Table S3). During 
the 48-h fermentation process, the metabolism of phenolic acids was 
significantly promoted when ultrasound was applied. In particular, 
these phenolic acid levels ranged from 376.35 ~ 378.29 mg/L, 2.27 ~ 
3.27 mg/L, 0.001 ~ 0.93 mg/L, 2.5 ~ 2.75 mg/L, 4.18 ~ 5.60 mg/L, 
5.24 ~ 5.58 mg/L and 0.19 ~ 0.20 mg/L after ultrasound-assisted 
fermentation at 84.42, 115.50 and 173.88 W/L for 24 h, respectively. 
For example, compared with non-sonicated sample, the catechin content 
in the sonicated at 84.42 W/L had the lowest value (376.35 ± 3.51 mg/ 
L) after fermentation for 24 h. This is contrary to the research by Wang 
et al. [16] who showed an increase trend in catechin content after 
sonicated at 58.3 and 93.6 W/L. It is possible that the higher intensity 
ultrasound (115.50 and 173.88 W/L) in our studies facilitates the con
version of the protocatechuic acid to a decarboxylation and inhibits the 
formation of catechins [52]. The content of caffeic acid in the non- 
sonicated group showed a trend of increasing and then decreasing 
during the fermentation process, with the highest caffeic acid content at 
fermentation for 24 h (0.51 ± 0.01 mg/L). In the three sonication 
groups, caffeic acid content presented a continuously decreasing trend 
to 0.19 ± 0.00 mg/L ~ 0.20 ± 0.00 mg/L. The decline of the content of 
caffeic acid in three sonicated groups may be contributed by its degra
dation caused by the high temperature of fermented broth and the 
thermal effects of ultrasound [53]. Differently, ferulic acid content at 
three sonicated group was increased by 4 – 5 folds after fermentation for 
24 h. It has been proposed that extracellular enzymes are generated by 
L. plantarum fermentation to break the ester bond of ferulic acid attached 
to arabinoxylan and arabinose residues, thus promoting the secretion of 
ferulic acid [54]. Therefore, ultrasound may facilitate the release of 
extracellular enzymes to improve the metabolization of ferulic acid. 

3.8. Effect of ultrasound-assisted fermentation on the volatile flavor 
profiles 

Volatile substances have different influences on the flavor of ginkgo 
kernel juice. In this study, volatile substances in ginkgo kernel juice 
before and after fermentation were identified by GC–MS (Fig. 5). In the 
mixture, volatile families were detected, including aldehydes, ketones, 
alcohols, esters, hydrocarbons, phenolics, acids and others. Before 
fermentation, the number of 40 volatile substances were identified, with 

the largest numbers of aldehydes (8) and hydrocarbons (7). At the end of 
fermentation, 29, 23, 33 and 28 volatile compounds were detected in the 
un-sonicated and three sonicated groups at 84.42 W/L, 115.50 W/L, 
173.88 W/L, respectively. Among these, the aldehydes, ketones, alco
hols, esters and hydrocarbons were decreased in type after ultrasound, 
while the types of acids and phenolics increased after sonication. 

Supplementary Table S4 shows the changes in volatile composition 
and relative content of unfermented and fermented ginkgo kernel juice 
with and without ultrasound treatments. Total contents of volatile 
substances increased over 328.0%, 341.0%, 313.0% and 325.0% in 
sonicated groups at 84.42, 115.50 and 173.88 W/L and non-sonicated 
group after 48-h fermentation, respectively. In addition, ultrasound 
enhanced the production of organic alcohols and carboxylic acids while 
weakened the generation of organic acids and aromatic aldehydes dur
ing the fermentation of ginkgo kernel juice using L. plantarum Y2. For 
instance, the relative contents of ethanol, 1-hexanol, acetone, acetal
dehyde, nonanal, benzaldehyde, alpha-corocalene, pentadecane, acetic 
acid, n-decanoic acid, and edulan II were all increased after ultrasound- 
assisted fermentation compared to the non-sonicated group. By contrast, 
the relative contents of acetoin, triethyl phosphate, alpha-caracolene, 
tridecane, trans-calamenene, butyric acid and 3-methyl-butanoic acid 
were reduced after sonication at 84.42, 115.50 and 173.88 W/L 
compared to the non-sonicated group. Some metabolic transformations 
were promoted during the growth of L. plantarum and aldehydes were 
readily broken down by oxidation to alcohols and acids [54,55]. As a 
result, the increased alcohol contents further improve the metabo
lization of esters, leading to a decrease in aldehydes during fermenta
tion. Observations indicate that the ultrasound-assisted fermented 
samples exhibited an elevated concentration of higher alcohols and es
ters in comparison to the naturally fermented counterparts, character
ized by distinctive olfactory profiles of oiliness and fragrance. Notably, 
the predominant aromatic attributes of the ultrasound-assisted samples 
were predominantly aromatic and fruity in nature [55]. Thus, the flavor 
profile of post-fermented ginkgo kernel juice subsequent to ultrasonic 
treatment is primarily influenced by the specific composition and 
quantity of these two compounds. Remarkably, the sensory character
istics following ultrasonic treatment surpassed those of the control 
group, underscoring the enhanced gustatory quality achieved through 
this process. 

3.9. Effect of ultrasound-assisted fermentation on 4′-O-methylpyridoxine 
(MPN) content 

MPN has a significant impact on the safety of ginkgo kernel juice, the 
international limit standard of 5 mg/L [3]. The changes in MPN during 
48-h fermentation are shown in Fig. 6. Before the fermentation, the MPN 
content of the ginkgo kernel juice was 0.44 ± 0.01 mg/L. After 

Fig. 5. Changes in relative content and number of species of volatile flavor compounds in ginkgo kernel juice fermented by L. plantarum Y2 for 48 h.  
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fermentation, the overall MPN content showed a decreasing trend in all 
sonicated and non-sonicated ginkgo kernel juice. The MPN content of 
fermented samples in all three sonicated groups were lower than the 
non-sonicated group. For example, after 4-h fermentation, the maximum 
MPN content was obtained from the non-sonicated group (0.36 ± 0.01 
mg/L), followed by sonicated groups at 84.42 W/L (0.34 ± 0.01 mg/L), 
115.50 W/L (0.32 ± 0.02 mg/L) and 173.88 W/L (0.32 ± 0.02 mg/L), 
respectively. It has been proposed that the production of large amounts 
of biosurfactants (polysaccharides and peptidoglycans) on the cell wall 
of L. plantarum to adsorb MPN during the fermentation process [56]. 
And after fermentation, the pH value will decrease, the peptidoglycan 
layer after protein denaturation will reduce crosslinking, increase pore 
size and provide more adsorption sites [56]. The possible mechanism of 
ultrasound-assisted fermentation is shown in Fig. 7. This may explain 
the lower MPN content observed in the sonicated fermented ginkgo 
kernel juice, after 48-h fermentation, the MPN content below the 

international standards. 

3.10. Effect of ultrasound-assisted fermentation on antioxidant capacity 

Fig. 8A and 8B illustrate the impact of ultrasound processing during 
the logarithmic phase on the antioxidant capacity of fermented ginkgo 
kernel juice. The scavenging capacity of ABTS+ radicals and the ability 
to reduce ferric to ferrous ions in ginkgo kernel juice exhibited consis
tent enhancement throughout the entire fermentation period [30]. 
Before the fermentation, the ABTS.+ radical scavenging capacity in the 
ginkgo kernel juice was 21.65 ± 1.34 mM Trolox. The highest ABTS.+

radical scavenging capacity was observed in the sonication group at 
173.88 W/L, which was 11.3%, 16.0% and 23.3% higher than the non- 
sonicated and sonicated groups at 84.42 and 115.50 W/L after 12-h 
fermentation, respectively. The increased antioxidant capacities in 
sonicated samples may be related to the enhancement of phenolic acid 
metabolism, such as chlorogenic acid and butyric acid. Differently, the 
reducing ferric ion antioxidant capacity in the ginkgo kernel juice was 
0.53 ± 0.21 mM Fe2+ before the fermentation (Fig. 8B). The reducing 
ferric ion antioxidant capacity of all sonicated groups were lower than 
that of the non-sonicated group after 48-h fermentation. According to 
the report, ultrasound can help the degradation of unstable phenolics 
such as caffeic acid, resulting in a reduction of antioxidant activity [57]. 
Is clear that phenolic acids like catechin, p-coumaric acid and p-vinyl 
guaiacol were converted and increased to different degrees under 
different intensities of sonication. This is positively correlated with the 
rise in both antioxidant activities of fermented ginkgo kernel juice. 

4. Conclusions 

In general, ultrasound successfully promoted the fermentation of 
ginkgo kernel juice with L. plantarum Y2. Compared to the non-sonicated 
group, ultrasound-assisted fermentation groups exhibited higher num
ber of viable bacteria in the logarithmic and stable phases. In addition, 
lower ultrasonic power density level (84.42 W/L) with mild physical 
effects has a better performance on the metabolization of cellular anti
oxidant active components such as chlorogenic and butyric acids, free 
forms of phenolic compounds and other by-products. After 48-h 
fermentation, the maximum consumptions of total sugars and total 
proteins in sonicated group at 84.42 W/L were 53.21% and 66.3%, 
respectively. Furthermore, ultrasound-assisted fermentation facilitated 
the hydrolysis of chlorogenic acid to caffeic acid, the solubilization of 
ferulic acid, and the conversion of proanthocyanidin B2. The distribution 
of all sonicated and non-sonicated samples presented obviously different 
on the score diagram of PCA, indicating their differences on the contents 
of organic acids, free amino acids, and phenolics. The degradation rates 
of the toxic substance MPN were decreased by 30.82% in all sonicated 
groups compared to the non-sonicated group. Overall, ultrasound- 
assisted fermentation with mild or moderate intensity can be consid
ered as an ideal and environment-friendly technology to improve the 
metabolization of L. plantarum, the physicochemical properties of 
ginkgo kernel juice and the degradation of toxic substances. 
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