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The primary active components of plant ginseng are saponins, and rare saponins play a specific antitumor action. In this study,
Lactobacillus that can efficiently transform rare saponins were screened as fermentation strains of ginseng enzymes. The fer-
mentation process was optimized to investigate the changes in various biochemical indicators and antioxidant activities of the
enzymes before and after fermentation. The results showed that Lactiplantibacillus plantarum had the highest conversion ef-
ficiency for diol saponins, among which the content of rare ginsenoside-CK increased by 256%. The optimum optimizing method
was a 1:1:10 ratio of ginseng extract/concentrated apple juice/water, fermentation time of 16 days, initial pH of 6.0, fermentation
temperature of 37°C, and sterilization amount of 1.0%. The contents of rare ginsenoside-Rh;, ginsenoside-F,, ginsenoside-Rg;,
and ginsenoside-CK increased by 18.48%, 135.73%, 343.03%, and 441.80%, respectively, and the process was stable and con-
trollable. After fermentation, the scavenging rates for hydroxyl radical, DPPH radical, and superoxide anion radical were in-
creased by more than 9%, and new organic acids were produced. In general, this study established an efficient, stable, and
controllable ginseng fermentation process to improve the rare saponin content and biological activity of ginseng enzymes, which

can provide new ideas for traditional Chinese medicine and medicinal health food in China.

1. Introduction

A healthy diet has drawn more attention as the economy has
grown, and pharmaceutical and food-homologous products
have gotten much attention and have enormous market
potential. The jiaosu is one or more different fruits, vege-
tables, mushrooms, Chinese herbal remedies, etc., that have
been fermented by adding probiotics—natural or synthe-
tic—and contain microorganisms that produce enzymes as
well as their interaction metabolites and mutual regulators
[1, 2]. The food was full of vitamins, enzymes, minerals, and
secondary metabolites, among other nutrients [3]. It not
only keeps the natural nutrients in the fermented raw
materials but also significantly increases the amount of
numerous active substances and creates new bioactive

ingredients and biological enzymes that improve digestion
and absorption, promote metabolism, and circulate blood.
Intestinal and other processes provide an innovative nu-
tritional strategy for creating functional foods [4, 5].
Ginseng (Panax ginseng C.A. Meyer) is one of the
world’s most famous medicinal herbs, having thousands of
years of application history in traditional Chinese medicine
[6]. Ginsenosides are the main active components of
ginseng and have irreplaceable pharmaceutical significance
in treating human diseases. However, natural saponins do
not necessarily have the best physiologically active mo-
lecular structure. Studies have shown that ginsenosides are
composed of the basic skeleton tetracyclic steroid and
linked glycan groups [7, 8]. Hence, ginsenosides can be
hydrolyzed to remove part or all the glycans to form rare
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saponins and thus improve the biological activity of sa-
ponins. Ginsenoside-Rh;, ginsenoside-Rg;, ginsenoside-F,,
ginsenoside-CK, and other rare saponins have higher
medicinal value than ordinary saponins [9].

Several academics have conducted an extensive study
on the ginsenosides’ change in recent years. Chemical acid
hydrolysis and microbial conversion are two of the most
often employed saponin conversion techniques [10]. The
advantage of the acid hydrolysis method is that the reaction
conditions are simple, the ginsenosides are unstable in low
pH acidic environments, and the acid will hydrolyze the
connected sugar groups [11]. However, there is also the
dehydration and cyclization of the saponin itself under
acidic conditions or the change of the conformation of the
saponin, which will eventually lead to more by-products in
the final product, thereby increasing the separation cost,
and only saponin monomers can be obtained, which is
unsuitable for researching saponin conversion in the food
field [12]. The microbial conversion method is an enzymatic
reaction between microorganisms and exogenous sub-
strates, and the substrates are converted into target
products by enzymes [13]. During the growth and meta-
bolism of microorganisms, one or more enzymes will be
produced to hydrolyze the glycosides connected to the C3,
C6, and C20 positions of ginsenosides, thereby trans-
forming the saponins that are more abundant in ginseng,
such as Rbl and Rb2 [14, 15]. Yan et al. studied the bio-
transformation ability of different fungus on ginsenoside-
Rg; and used LC-MS technology to identify the structure of
the transformation product. The results showed that the
strains EST-I and EST-II directed the conversion of
ginsenoside-Rg; to ginsenoside-F; during the fermentation
process [16]. Therefore, in the development process of
ginseng jiaosu products, increasing the content of ginseng
rare saponins through probiotics will greatly improve the
application value of ginseng jiaosu products [17].

The enzymatic activity of f-glucosidase produced by
bacteria during the metabolic process is the main reason for
determining the content of saponins converted into rare
saponins [15]. Lactobacillus are a kind of probiotic that
produces a variety of natural active substances such as
diacetyl, hydrogen peroxide, lactic acid, and bacteriocin
[17, 18]. After fermentation by Lactobacillus, in addition to
lactic acid production, some macromolecular compounds
are converted into small-molecular compounds with high
biological activity [18]. According to earlier research, fer-
mentation dramatically boosted the total polyphenol content
and antioxidant activity of veggie fruit beverages like pear
juice [19]. In addition, Lactobacillus can effectively degrade
oxalate by transporting oxalate into cells through isozyme,
where oxalate undergoes conversion to oxaloco A by formyl-
CoA transferase and further to formate and carbon dioxide
by oxalocoenzyme A decarboxylase, ultimately enhancing
the functional properties of enzyme products [16, 20, 21].
However, the probiotic fermentation preparation is not ideal
for creating raw materials due to the strain specificity, the
research on the transformation of ginsenosides by using
Lactobacillus is still in the development stage, and the
transformation is mainly aimed at a single saponin, and few
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reports exist on the transformation and application of
multiple rare saponins.

Therefore, to obtain fermentation probiotics with higher
content of rare saponins (ginsenoside-F,, ginsenoside-Rgs,
ginsenoside-CK, ginsenoside-Rh;), more complete types,
and more potent drug efficacy after fermentation, four
Lactobacillus that can produce glucosidase were first
screened in this study. Then, the ginseng enzyme fermen-
tation process was optimized (fermentation time, temper-
ature, inoculation amount, initial pH, etc.) new ideas for
Chinese traditional medicine, and medical health products
are offered by the changes in indicators and antioxidant
activity quality.

2. Materials and Methods

2.1. Chemicals and Solvents. Ginseng extract and concen-
trated apple juice were purchased from Infinitus (China)
Co., Ltd (Guangzhou City, Guangdong Province, China).
The experimental strains were from the Chinese Center for
the Preservation and Management of Microbial Cultures.
They included Lactobacillus acidophilus (No. GIM1.731),
Lactobacillus casei (No. GIM1.204), Lactiplantibacillus
plantarum (GIM1.648), and Lactobacillus fermentum (No.
GIM1.985). Ginsenoside-Rg; (Rg;), ginsenoside-Re (Re),
ginsenoside-Rb; (Rb;), ginsenoside-Rb, (Rb,), ginsenoside-
Rd (Rd), ginsenoside-Rg; (Rgs), ginsenoside-F, (F,),
ginsenoside-CK (CK), and ginsenoside-Rh; (Rh;) (HPLC,
>98%) standard products were purchased from Shanghai
Yuanye Biotechnology Co., Ltd (Shanghai, China). Stan-
dards of p-nitrophenol, glucose, fructose, lactic acid sand
organic acid mixture (HPLC, >98%) were purchased from
Beijing Chemical Co., Ltd. (Beijing, China). The main re-
agents included peptone, yeast paste, beef paste, ammonium
citrate, potassium dihydrogen phosphate, manganese sul-
fate, and disodium hydrogen phosphate were purchased
from TCI Co. Ltd. (Shanghai, China).

2.2. Selection of Transformed Ginsenoside Lactobacillus

2.2.1. Activation and Culture of Lactobacillus Strains. A
sterile pipette is used to draw 1.0 mL of the sterilized MRS
liquid medium at room temperature, transfer it to a culture
tube, shake thoroughly, place 0.5mL of Lactobacillus liquid
on the MRS solid medium, and incubate at 37°C for
36 hours. Streak culture was carried out after three gener-
ations of continuous culture. Vigorously growing single
colonies were inoculated into a sterilized MRS basal medium
and cultured for 36 h.

2.2.2. Determination of -Glucosidase Enzyme Activity

(1) Extraction of Enzyme Solution. Four Lactobacillus cul-
tures were cultured according to the method described in
Section 2.2.1 for further research. 1.0% of the four strains
were incubated in MRS medium containing ginseng extract
at 37°C for 36 h and centrifuge at 10,000 rpm (11,100 g force
equivalent) for 20 minutes at 4°C to collect the supernatant.
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Ammonium sulfate powder was added at a temperature of
25°C and combined with slow, continuous stirring. The
mixture was centrifuged at 13,000rpm (18,759g force
equivalent) for 20 minutes at 4°C and left to stand at 4°C for
12 hours before the precipitate was collected. The pellet was
dialyzed in 10.0 mL of sodium acetate buffer for 24 hours,
and the supernatant was crude enzyme solution after cen-
trifugation (18,759 g force equivalent for 10 min, 4°C).

(2) Standard Curve Drawing. We accurately weighed p-
nitrophenol (PNP), dissolved it in sodium acetate buffer
solution (pH 5.5), and configured it into standard solutions
with concentrations of 10, 20, 30, 40, and 50 ymol/mL. We
then took 1 mL of the standard solution of different con-
centrations, added 2.0mL of 1.0 mmol/mL sodium car-
bonate solution, and mixed well. A UV-visible
spectrophotometer (Shimadzu UV-2450, Japan) is used to
measure the UV absorption at a wavelength of 405 nm and
then constructed a standard curve with PNP concentration
as the X axis and absorbance as the Y axis.
Y =0.0181x + 0.0043, R*>=0.998, within the concentration
range of 10~50 ymol/mL.

(3) Enzyme Activity Assay. We accurately weighed 0.2 mL of
p-nitrophenyl-3-D-glucopyranoside (5.0 mol/L), 0.7mL
PBS (0.1 M, pH 5.0), and 0.1 mL of enzyme solution into the
tube and incubated it at 37°C for 30 min. Immediately, 1 mL
of sodium carbonate solution (1.0 mol/L) is added to ter-
minate the reaction, return to room temperature at room
temperature, measure the ultraviolet absorption at a wave-
length of 405nm, and calculate the corresponding PNP
concentration-curve regression equation according to the
standard. We used the heat-inactivated crude enzyme so-
lution as a blank control. One enzyme unit is defined as the
amount of enzyme for 1 ymoL of PNP released from the
substrate per minute, which is calculated as follows:

N
EA = 55.23 x (A5 — 0.0043) x - (1)

where EA is enzyme activity, N represents the dilution
factor, and t stands for reaction time.

2.2.3. Extraction, Purification, and Detection Methods for
Saponins. We added 30.00 g of ginseng extract to medium
and mixed well, evenly distributing it into five Erlenmeyer
flasks. Each Erlenmeyer flask was sterilized at numbered 1-5
contained 50mL, 121°C for 20 min, and cooled to room
temperature. Subsequently, 0.5mL of cultured four Lacto-
bacillus fermented liquid medium were added to (NO. 1-4)
bottle, and 0.5 mL of medium was added as a blank control
to the NO.5. We mixed them well and incubated them at
37°C in an incubator for 3 days for later use.

Referring to the method of Bortolomedi et al. [22], we
shook the fermented liquid well, took 10mL of fer-
mentation broth, and put it in a separating funnel. We
degreased it with 90 mL of ether three times and then
extracted the degreased fermentation broth with 90 mL of
water-saturated n-butanol times. Finally, the water-

saturated n-butanol after three extractions was col-
lected, evaporated to dryness under reduced pressure at
45°C, and dissolved in 5 mL of methanol for later use. The
saponin content of the sample was detected by high-
performance liquid chromatography (HPLC1200, Agi-
lent Technologies, Santa Clara, CA, USA) under the
following conditions: mobile phase, A (acetonitrile) and
B (water); column, C18 4.6x250mm, 5ym; column
temperature, 30°C; gradient elution flow rate, 1.0 mL/
min.

2.2.4. Preparation of Saponin Standards. We accurately
weighed 1.0 mg each of the ginsenosides Rg;, Re, Rb;, Rb,,
Rd, Rgs, F,, CK, and Rh; standards in nine 100 mL beakers,
added appropriate amount of methanol to dissolve, and
ultrasonicated. The ginsenoside chromatogram was plotted
from the chromatographic results in Section 2.2.3, and the
results are detailed in Appendix S1-1.

For the standard-curve determination of nine saponins,
20.0mg of the different ginsenosides were accurately
weighed, and methanol was added to 20.0 mL. We trans-
ferred 1, 2, 3, and 4 mL of saponin standards in four 5mL
volumetric flasks to obtain the standard solution of ginse-
nosides with different concentrations. The standard solution
of ginsenosides with different concentration gradients was
determined by the above HPLC method, and the corre-
sponding peak area at different concentrations of each sa-
ponin was recorded, with the peak area as the ordinate. The
standard curve of ginsenosides was plotted using the saponin
concentration (mg/mL) as the abscissa, and the results are
detailed in the Appendix S1-2.

2.3. Test Method for Optimization of Ginseng Jiaosu
Production Process

2.3.1. Process Flow. The main steps of this experiment is
shown in Figure 1. Since glycogen addition, fermentation
time, fermentation temperature, initial pH, and strain in-
oculation are the key technical parameters affecting jiaosu
quality, this study was experimentally explored Figure 1.

2.3.2. Single-Factor Test of the Fermentation Process. The
rare saponin content was used as the investigation index to
optimize the process parameters glycogen addition amount,
fermentation time, fermentation temperature, initial pH,
and strain inoculation amount.

(1) Fixed Ginseng Extract. 1:10 addition ratio of distilled
water, initial pH of 6, 1% strain inoculation rate, 37°C
fermentation for 16days, optimized glycogen addition
amount, and 0.0, 5.0, 10.0, 15.0, and 20.0 g of concentrated
apple juice.

Fixed ginseng extract/concentrated apple juice/distilled
water addition ratio of 1:1:10, initial pH of 6, strain in-
oculation rate of 1.0%, 37°C optimized fermentation time
level, and 0, 1, 4, 8, 12, 16, 20, 24, and 28 days for time node
sampling.
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Apple Juice Concentrate (Glycogen), Ginseng Extract, Distilled water Adjust pH Activation of strains
Raw material mixing Deacidification Sterilization Bottling Inoculation with probiotics
Finished product Sterilization Centrifugation Filtration Fermentation

FiGure 1: The main steps of ginseng jiaosu production process.

Fixed ginseng extract/concentrated apple juice/distilled
water addition ratio of 1:1:10, strain inoculation rate of
1.0%, fermentation for 16days, optimized fermentation
temperature levels, and 39, 37, 35, 33, and 31°C.

Fixed ginseng extract/concentrated apple juice/distilled
water addition ratio of 1:1:10, initial pH of 6, strain in-
oculation rate of 1.0%, fermentation at 37°C for 16 days,
optimization of initial pH values of 4.0, 5.0, 6.0, 7.0, and 8.0;
fixed ginseng extract/concentrated apple juice/distilled
water addition ratio of 1:1:10, initial pH of 6, 37°C fer-
mentation for 16days, and optimal inoculum addition
amounts of 0, 0.1%, 0.5%, 1.0%, 2.0%, and 5.0% (bacteria
concentration of 6.5109 CFU/mL).

2.3.3. Verification of Optimal Fermentation Processes.
According to the results of process optimization, the fer-
mentation broth was prepared according to the ginseng ex-
tract/concentrated apple juice/water ratio of 1:1:10. It was
then mixed and pasteurized at 60°C for 30 min. We adjusted
the initial pH 6 of the fermentation broth in an ultraclean table
after cooling and then added the cultured L. plantarum to the
Erlenmeyer flask with an inoculation amount of 1.0% and
mixed evenly and sealed. The blank group without bacteria was
set, and all were placed in a 37°C incubator for fermentation for
16 days. Three batches of samples were continuously fermented
and then extracted and determined for saponins according to
Section 2.2.3 methods.

2.4. Analysis of Biochemical Indexes of the Fermentation
Process of the Jiaosu Optimal Process. To reduce the exper-
imental error caused by external addition, this experiment
mainly used dipotassium hydrogen phosphate and potassium
dihydrogen phosphate to adjust the pH of the initial fer-
mentation. pH measurements were determined with an
PHS-3C meter (Bellingham and Stanley Ltd, UK). Detailed
information on methods for determining the antioxidant
properties of glucose, fructose, lactic acids, organic acids, and
flavonoids is provided in Appendix S2 of this manuscript.

2.5. Statistical Analysis. Results were expressed as the mean
value + standard deviation (mean + SD), and all experiments
were performed in triplicate. Analyses of the significance of
differences were performed by Tukey’s HSD test using
SPSS.20 software (SPSS Inc., Chicago, IL).

3. Results and Discussion

3.1. Transformation of Ginsenoside Strain Screening. The
enzymatic activity size of 3-glucosidase produced by bacteria
during metabolism is the main factor determining the
conversion of saponins into rare saponins [23]. Figure 2
shows the enzyme activity of 8-glucosidase induced by four
Lactobacillus. 'The figure shows that the order of
B-glucosidase enzyme activity from largest to smallest was
L. plantarum> L. fermentium>L. casei> L. acidophilus.
Therefore, L. plantarum was tentatively defined as a fer-
mented and transformed ginsenoside strain.

Figure 3 shows the content of various saponins in four
Lactobacillus fermentation broths and unsterilized fer-
mentation broth. As shown in the figure, the concen-
tration of saponins of the four Lactobacillus changed
greatly after fermentation. Compared with unsterilized
fermentation broth, the contents of ginsenosides Rb;, Rb,,
Rd, Re, and Rg; were reduced, while the contents of rare
saponins F,, Rgs;, CK, and Rh; were significantly in-
creased. Studies have shown that the conversion pathways
of diol saponins by bacteria include Rb;/
Rb, — Rd—F, — CK and Rb; — Rd — Rgs.
Therefore, the content of ginsenoglycol saponins Rb;, Rb,,
and Rd decreased because the enzymes produced by the
strain partially converted them into Rgs;, F,, and CK.
Ginsenoside-Rh; is one of the secondary metabolites of
triol saponin Re and Rg;, which is why the concentration
of saponins Re and Rg; decreases and the concentration of
Rh; increases.

Compared with the other three Lactobacillus, after fer-
mentation by L. plantarum, the concentrations of ginse-
noglycol saponins Rb;, Rb,, and Rd in the fermentation
broth decreased significantly, and the total content before
and after fermentation decreased by 0.2687 mg/mL.
Meanwhile, the full content of the transformation products
Rgs, F,, and CK also increased the most, from
0.0705 + 0.0011 mg/mL to 0.1806 + 0.0024 mg/mL, of which
the CK content increased the most, increasing by 256%. The
concentration of the original ginsenotriol type ginsenoside-
Re and ginsenoside-Rg; decreased more after fermentation
by four bacteria, but the concentration of Rh;, one of the
transformation products, was not too obvious. The main
reason may be that it was converted into another ginse-
notriol saponin conversion product. In summary,
L. plantarum produced the highest activity of f-glucosidase,
and the total content of rare saponins F,, Rgs;, and CK
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converted after fermentation was the highest. Therefore, in
this experiment, L. plantarum was selected as the fermen-
tation strain for the next step of the research.

3.2. Determination of Lactobacillus Fermentation Process

3.2.1. Experiment for the Determination of Glycogen Addition
Amount. The initial glycogen amount will affect the con-
centration of bacteria in the fermentation broth during the
stable period of the strain, thereby affecting the enzyme-
producing activity of the strain, which in turn will affect the
conversion rate of saponins [24]. Determining the pro-
portion of glycogen can not only maximize the conversion
rate of saponins after fermentation but also reduce the sugar
content in ginseng jiaosu after fermentation, thereby in-
creasing the categories of ginseng jiaosu beneficiaries. It can
be seen from Table 1 that when the amount of apple juice is
less than 10.0 g, the content of each rare saponin increases
with the increase in apple juice content. When the amount of
apple juice added exceeded 10.0 g, the upward trend of rare
saponins tended to flatten. Therefore, ginseng jiaosu can be
prepared according to the ratios of ginseng powder (10.0 g),
apple juice (10.0 g), and water (100 mL) as fermentation raw
materials; that is, ginseng jiaosu can be prepared according
to the ginseng powder/concentrated apple juice/water ratio
of 1:1:10.

3.2.2. Determination of Fermentation Temperature of
Lactobacillus. Too high or too low temperature will affect
microbial metabolism of enzyme production and enzyme
activity, thereby affecting the fermentation process. In the
industrial fermentation process, the fermentation temper-
ature will also be controlled to increase the accumulation
rate of fermentation products [25]. Therefore, the conver-
sion results of nine saponins were obtained by single-factor
experiments on temperature, as shown in Table 1. It can be
seen from Table 2 that when fermentation is for 16 days in
the range of 31-37°C, the concentration of saponins Rg;, Re,
Rb,, Rd, and Rb; in the fermentation broth gradually de-
creases with the increase in temperature. When the tem-
perature increases, the growth and metabolism of bacteria in
the fermentation broth is vigorous, the activity of enzymes
gradually increases, and the efficiency of converting sapo-
nins becomes higher. When the temperature exceeds 37°C,
the concentration of saponins Rg;, Re, Rb,, Rd, and Rb; in
the fermentation broth is higher than that at 37°C. This is
mainly because when the temperature reaches a certain
extent, the enzyme will be inactivated when the temperature
is increased. The changes in rare saponins Rh;, F,, Rg;, and
CK are just the opposite; hence, the fermentation temper-
ature is set at 37°C.

3.2.3. Determination of the Initial pH of the Fermentation.
Adjusting the initial pH of the fermentation broth facilitates
the growth of microorganisms in the fermentation broth,
which affects the activity of the enzymes produced by
metabolism, thus affecting the product’s conversion rate. It

can be seen from Table 1 that the initial pH of the fer-
mentation broth has a significant effect on the conversion of
L. plantarum into saponins. When the initial pH of the
fermentation broth was 4-6, the concentrations of saponins
Rg;, Re, Rb,, Rd, and Rb; gradually decreased with the
increase in pH, while the contents of rare saponins Rh, F,,
Rgs, and CK gradually increased. When the fermentation
broth pH is 6-8 and fermentation is for 16 days, the content
of saponins Rg;, Re, Rb,, Rd, and Rb; also increases with the
increase in pH, while the content of rare saponins Rh;, F,,
Rgs, and CK gradually decreases. Therefore, based on the
conversion rate of rare saponins, the initial optimal pH of
fermentation is set to 6.

3.2.4. Determination of the Inoculation Amount of Strains.
It can be seen from Table 1 that the inoculation number of
bacteria is also an essential factor affecting the saponin
transformation in the fermentation process. With the in-
crease in the inoculation amount of L. plantarum, the
concentrations of saponins Rg;, Re, Rb,, Rd, and Rb,
gradually decreased, while the contents of rare saponins Rhy,
F,, Rg;, and CK gradually increased, and the content of
saponins tended to balance when the inoculation amount
was greater than 1.0%. The explanation is that when the
inoculation amount is too low, the strain will reach the
maximum growth concentration after a long time, and so it
will prolong the growth time and reduce the transformation
efficiency. When the inoculation amount reaches a certain
value, the excessive inoculation amount will bring waste of
resources to production. Hence, the inoculation amount of
the final selected strain is 1.0%.

3.2.5. Experiment for Determining Fermentation Time.
The growth of microorganisms is cyclical. The length of
fermentation time not only determines the growth state of
microorganisms but also determines the activity of me-
tabolite enzymes. Fermentation products will be with the
consumption of nutrients in the fermentation broth from
production to increase, maintain, or decrease, and so de-
termining the end point of fermentation is conducive to the
improvement of industrial production capacity and eco-
nomic benefits [26, 27]. It can be seen from Table 2 that the
content of protodiol ginsenosides Rb;, Rb,, and Rd grad-
ually decreased during fermentation, and the concentra-
tions of three saponins in the fermentation broth decreased
to the minimum at 16 days, while the concentrations of Rgs,
F,, and CK gradually increased with time and reached their
peak at 16 days and then maintained a balanced state. The
content of Re and Rg; of the original ginsenotriol-type
ginsenoside also gradually decreased, and it reached the
lowest concentration at 16 days. The concentration of the
transformation product Rh; was not obvious, as can be seen
from the conversion mechanism of the protriol type gin-
senoside. It may be that Rh; undergoes hydrolysis into F,
by the enzyme, resulting in the concentration of Rh, in the
fermentation broth to not significantly increase. In sum-
mary, the concentration of rare saponins Rgs, F,, CK, and
Rh; increased during the fermentation process and reached



Journal of Food Quality

"[OAS] %S dU) 18 SIOULIDYIP JULdYIUSIS JEJIPUT UWIN[OD JUILS UT SI9)19] JUIIYI (€ = 4) UOIBIASD PIBPUR)S F ULIW st Passaldxa are s)nsay

eSLTF8LET SPT'8+ 507201 q06' T F6£°5¢ 950 F €8T 9 LF9L9 L£E0F 162 qEo’cFVo'Cy 5q€9°CT+ 6589 LT9+L9°6S 8¢C
S6'TFFYET SCF9FICTT0T qle'eF¥6'SE 190 F9L°CT OT0FTL9 9C0F 108 qIS'9 F88°¢Y S8 EFI6'L9 qO7'SF6¥'sS v
LIV TFE6°CT >L67 897101 89T+ V8¢ 2570 F08°CL L0€°0F 199 LI1T0+90°8 QP LFVOTY 5q06°€ 2989 q0L'9 F66'SS 0¢
qSCTTFLOVC SI19°L+GTC01 qSTEFLO9E IV 0F V6T CC0FTS9 LTO0FI6°L QBT TFECTH SISV +99°L9 q6T'G +5€95 91
q68' T +¥6°CC 2q€V' L+ 157601 qel€TFCE8E QPLOFSTTT q8l0+ L€ qS€0+799 q6€'S FSV'oY >qeCS'S FV0TL 96’9 +95°85 4t
2q0S' € FT6°TC 5qe0€' 8 F G891 @86°€F LY0V S0E€0FLS6 5qe09°CTF90F sqel€0F¥8'S ECETFYYLY oqelL TF0S'SL 98'SFHTTY 8
wqCITFFS0T qeC9LF SOVTT @SS TFHOEY pET0FT89 FTOFTST ETOFPLY LTEFIS0S quE8TF LS8L 177 F80°99 1
L8 T+TG61 898 FLT'GET (S EF ST JTOFC8Y 5600 F¥6'T SI6TF16°C S8 T+60°CS qEl97+68'18 E€CLFL0°69 !
LITFST6L WST6F ECTVI IICTFETLY SUoF1¥e LITO+2CS'T SST0FTLE OV T FEVES 9TV FP8E8 19 F78'69 0
(Tur po1/8wr) Jusjuod utuodeg (P)

" R 3 MO €34 i P ‘Qy Qg auy,

‘aonejuouLId) JO p 8T I9yje wEMQOQmm JO Juajuod jo QMENQU Y], i AT14V],



Journal of Food Quality

TaBLE 3: Result of the optimal fermentation process.

Saponin content before
fermentation (mg/100 mL)

fermentation (mg/100 mL)

RSD of saponins after
fermentation (%)

Saponin content after

Rb, 68.77
Rb, 82.86
Rd 54.27
F, 03.61
Rgs 01.58
CK 02.44
Rg, 46.53
Re 4311
Rh, 19.13

52.81 1.10
67.93 1.11
44.50 1.29
08.51 1.68
07.01 1.71
13.22 1.53
34.77 1.63
15.44 0.93
22.63 1.68

the maximum at 16 days; thus, 16 days could be set as the
end point of fermentation of L. plantarum into
ginsenosides.

3.2.6. Verification of Experimental Results by the Optimal
Fermentation Process. As shown in Table 3, according to the
optimized process for three batches of continuous fer-
mentation, the RSD of the ginsenoside content in the fer-
mentation broth after fermentation is <2%, indicating that
the reproducibility of this fermentation process is good. The
contents of ginsenosides Rg;, Re, Rb,, Rd, and Rb, in the
fermentation broth after fermentation decreased by 0.1121,
0.2767, 0.181, 0.0985, and 0.159 mg/mL, respectively. The
concentration of rare saponin Rh; increased by 18.48%
before and after fermentation. The concentration of saponin
F, increased by 135.73%, and the concentration of Rg; in-
creased by 343.03%. The concentration of saponin CK in-
creased by 441.80%. Therefore, after fermentation by
L. plantarum, the content of rare saponins in the fermen-
tation broth is greatly increased, and other kinds of saponins
may be generated in the process. Therefore, this fermen-
tation process can effectively increase the types and contents
of rare saponins in the ginseng jiaosu.

3.3. Determination of Biochemical Indexes under Optimal
Process

3.3.1. Changes in Glucose, Fructose, and Organic Acid during
Fermentation. It can be seen from Figure 4(a) that the
content of glucose and fructose decreased with the fer-
mentation, and the total amount decreased from
114.63 £ 0.28 mg/mL in the beginning to 52.84 + 0.31 mg/mL
on the 16th day. In the early stage of fermentation, the
nutrients in the fermentation broth were sufficient, and
L. plantarum used glucose and fructose in large quantities
for growth and metabolism. In the middle and late stages of
fermentation, because of the lack of growth space and the
continuous consumption of nutrients, L. plantarum entered
the decline period, and the total number of Lactobacillus
colonies in the fermentation broth greatly decreased. Thus,
the consumption of the two sugars declined, and the sugar
content decreased slowly [28, 29]. Figure 4(b) shows that the
content of lactic acid increases with time during the fer-
mentation process, reaching 6.04+0.045mg/mL after

16 days of fermentation. L. plantarum will produce lactic
acid during metabolism. Lactic acid accumulates in the
fermentation broth, thereby reducing the pH in the fer-
mentation broth. When the pH is reduced to a certain extent,
it will inhibit the growth of Lactobacillus. In the late stage of
fermentation, L. plantarum will die, and so the lactic acid
content increases slowly in the late fermentation stage. As
shown in Appendix S1-3, after ginseng jiaosu fermentation,
organic acids are generated, such as tartaric acid, malic acid,
and succinic acid, in fermented liquid. Organic acids can not
only improve the flavor of ginseng jiaosu but also adjust the
pH of the intestinal tract to improve the health value of
ginseng jiaosu [30].

3.3.2. Determination of Flavonoid Content in the Fermen-
tation Process. Figure 4(c) shows that the flavonoids in the
fermentation process of ginseng jiaosu were in a downward
trend; the content of flavonoids in the fermentation broth is
0.212 £0.03 mg/mL when it is not fermented, and the fla-
vonoid content drops to 0.161 + 0.04 mg/mL after 16 days of
fermentation. The content of flavonoids in the pre-
fermentation period mainly has the following two reasons:
one is that the enzyme f-glucosidase produced by Lacto-
bacillus can hydrolyze flavonoids. The second may also be
that some flavonoids are modified into other substances,
such as flavonol glycosomes [31]. In the late stage of fer-
mentation, the content of flavonoids in the fermentation
broth tends to remain stable, which may be because in the
late stage of fermentation, microbial metabolism stopped,
enzyme activity was not high, or the flavonol glycosum was
hydrolyzed into flavonoids with the fermentation process.
Hence, the total amount of flavonoids in the fermentation
broth tends to remain unchanged.

3.4. Determination of Antioxidant Activity under Optimal
Processes. Figure 5 shows the changes in hydroxyl radical
scavenging rate, DPPH radical scavenging capacity, and
superoxide anion radical during broth fermentation. Hy-
droxyl free radicals have a strong oxidizing ability and
damage the cell membrane structure of the human body in
body, thereby causing an inflammatory response, tumors,
diabetes, aging, and other diseases [32]. DPPH free radical
scavenging ability is the reactant’s antioxidant capacity in
a short period. The scavenging capacity of DPPH radicals in
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FIGURE 4: (a) The change of glucose and fructose content in fermentation process; (b) the change of lactic acid content in fermentation

process; (c) the change of flavonoids in the fermentation process.

food reflects its antioxidant capacity. Superoxide anion
radicals mainly damage cell membranes, including vascular
endothelial cell membranes and substructures, and thus
trigger a series of biochemical reactions harmful to the
body [33].

The hydroxyl radical reached 53.01 + 0.54% after 16 days
of fermentation, an increase of 11.75% before fermentation,
and the hydroxyl radical scavenging rate of ginseng jiaosu
after fermentation was equivalent to about twice the
clearance of 0.012mg/mL of vitamin C. Therefore, fer-
mentation of L. plantarum can improve the hydroxyl free
radical scavenging rate of ginseng jiaosu. The scavenging rate
of DPPH radicals in the fermentation broth was
74.86 £ 0.45% when it was not fermented, and the scav-
enging rate of DPPH radicals in the fermentation broth
reached 90.45 +0.48% after 16 days of fermentation, which
was 15.98% higher than that before fermentation. The
scavenging rate of DPPH free radicals by ginseng jiaosu after
fermentation was equivalent to 1.35 times that of 0.12 mg/
mL vitamin C. Compared with hydroxyl radical scavenging
ability, the fermentation broth has a more vital ability to

scavenge DPPH free radicals. Therefore, L. plantarum fer-
mentation can increase the DPPH free radical scavenging
rate of ginseng jiaosu. The superoxide anion radicals in the
fermentation broth reached 71.58 £0.41% after 16 days of
fermentation, an increase of 9.07% compared with before
fermentation. After fermentation, the scavenging rate of
superoxide anion radicals by ginseng jiaosu was equivalent
to 1.55 times the scavenging rate of 0.12mg/mL for Vc.
Therefore, L. plantarum fermentation can improve the
antioxidant activity of ginseng jiaosu. Cho et al. found that
fermentation can improve the antioxidant activity of ginseng
when studying the antioxidant effect of fermentation on
ginseng, which is consistent with the results of this exper-
iment [34]. Relevant studies have shown that Lactobacillus
can produce some active substances that scavenge free
radicals extracellularly during metabolism and at the same
time secrete chelates of specific metal ions into the envi-
ronment, thereby reducing the content of free radicals in the
fermentation broth [35, 36], which may be the reason for the
increase in antioxidant activity of ginseng jiaosu
fermentation.
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4. Conclusions

To improve the health value of ginseng jiaosu, this study,
screening strains, screens out edible probiotics that can
stably convert saponins and explores a stable and con-
trollable ginseng jiaosu fermentation process. The results
show that L. plantarum has the highest conversion efhi-
ciency for diol saponins, and the content of Rgs, F,, and
CK increases after fermentation, among which the
content of rare saponin CK is the most obvious, rising by
256%. The optimum optimizing method was a 1:1:10
ratio of ginseng extract/concentrated apple juice/water,
fermentation time of 16 days, initial pH of 6.0, fermen-
tation temperature of 37°C, and sterilization amount of
1.0%. For the best process verification, saponins Rh;, F,,
were found. The contents of Rg; and CK increased by
18.48%, 135.73%, 343.03%, and 441.80%, which could be
used for a stable process for jiaosu fermentation. Under
the optimal process, the total amount of glucose and
fructose in the fermentation process decreased by
61.79 mg/mL, the flavonoid content decreased by
0.051 mg/mL, and the lactic acid content reached
6.04 +0.045 mg/mL, the scavenging rates for hydroxyl
radical, DPPH radical, and superoxide anion radical were
increased by more than 9%, and new organic acids were
produced. Overall, this study establishes an eflicient,
controlled, and stable ginseng enzyme fermentation
process to improve the rare saponin content of ginseng
enzymes which is intended to provide a theoretical basis
for the health value and development and utilization of
ginseng jiaosu products. Later, the causes of the ginseng
enzyme’s increased antioxidant activity during fermen-
tation can be further researched. The pharmacological
properties of the ginseng enzyme can also be examined to
emphasize its medicinal benefits.
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