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Abstract

Panax vietnamensis, also known as Ngoc Linh ginseng, contains a high ginsenoside content making it a widely
consumed traditional herbal. The medicinal value of Ngoc Linh ginseng can be enhanced significantly by converting
ginsenosides to rare ginsenosides by biotransformation using Bifidobacteria. The general procedure of fermenting
ginseng by bacterial strains involves four main steps. This review aims to revise the methods of isolation and
identification of Bifidobacteria from commercial yoghurt and its use in ginseng fermentation. Isolation methods for
Bifidobacterium spp. include various selective media which is followed by the strain identification using Polymerase
Chain Reaction and sequencing or carbohydrate fermentation patterns. The ginseng fermentation is assessed with Thin
Layer Chromatography and High-Performance Liquid Chromatography. The identification confirms the successful
isolation of Bifidobacterium spp. from fermented dairy products and the results of biotransformation rate assessment of
this probiotic demonstrate new opportunities for enhanced ginsenoside conversion method.

Keywords: Vietnamese ginseng, biotransformation, Bifidobacteria.

Tom tat

Panax vietnamensis, con duoc goi 1a sim Ngoc Linh, 13 mot loai thao dugc truyén thdng dwoc tiéu thu rong rai nhd co
ham lugng ginsenoside cao. Gia tri dugc lidu cua sém Ngoc Linh ¢ thé duogc ting cuong dang ké bang céch st dung vi
khuén Bifidobacteria dé 1én men nhan sim nhdm chuyen dbi hoa sinh hoc ginsenosides. _Quy trinh tong quat cua qué
trinh 1én men nhan sdm bang cac ching vi khuin bao gdm bén bude chinh. Trong bai viét nay, cac phuong phap phan
1ap va xac dinh Bifidobacteria tir sita chua thwong mai ciing nhu viéc sir dung no trong qua trinh 1én men s& dugc tong
hop lai. Budc dau tién trong quy trinh 14 phan lap Bifidobacterium spp. bao gom sir dung cic méi truong chon loc khac
nhau. Budc tiép theo 14 dinh danh chung vi khuan bang cach sir dung phan tmg chudi polymerase (PCR) va giai trinh tu
hoac bang cach x4c dinh kiéu 1én men carbohydrate. Qua trinh 1én men nhan sim dwoc d4nh gia bang sic ky ban mong
va sic ky long hiu nang cao. Két qua dinh danh chung vi khuan cho thdy sy phén 1ap thanh cong Bifidobacterium spp.
tir c4c san pham sira 1én men va két qua danh gia tbc d6 chuyén hoa sinh hoc cua ché phdm sinh hoc nay cho thiy
nhiing co hgi méi cua phuong phép chuyén hoa ginsengnoside.

Tir khéa: Sam Ngoc Linh; chuyén ho4 sinh hoc; Bifidobacteria.
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1. Introduction

Panax ginseng, a traditional herbal
medicine, has been amassed global popularity
as a treatment and prevention for various
diseases owing to its prominent effects towards
body inflammation reaction [1]. In Vietnam,
this species is named Panax vietnamenesis
which was found in 1973 in Ngoc Linh
mountainous area, located between the
provinces of Kon Tum and Quang Nam. In
comparison to the well-known Korean ginseng,
Ngoc Linh ginseng has been reported to contain
a higher saponin contents in which the
ginsenosides are the major bioactive
constituents [2]. Vietnamese ginseng not only
contains a high yield of majonosides but also
has an array of different ginsenosides such as
Rb1, Rd, Re and a unique vina-ginsenoside R1
and R2 [3]. Some of the structures of major
ginsenosides and their metabolism pathway in
human body are demonstrated in Figure 1. The
deglycosylation of ginsenosides has been
performed and their pharmaceutical effects are
proved to be higher than the original
majonosides. These beneficial enhancements
can be explained by the deglycosylated
ginsenosides’ compact  structure, higher
bioavailability, superior ability to permeate
through cell membrane [4]. Among different

available approaches for the purpose of
preparing a deglycosylated ginsenoside,
fermentation method, also known as
biotransformation using microbial cells, is more
favorable thanks to its significant efficiency.
Additionally, fermentation method offers high
specificity and selectivity at a marginal cost
with few negative impacts on the product’s
quality and environment compared to other
methods [5].

There are various types of probiotics used in
food industry to perform the deglycosylation of
ginseng extract to enhance its biological
activity. One of the highly suitable probiotic
microorganisms are Bifidobacteria due to their
vast health benefits, especially high glycosidase
activity [6]. Bifidobacterium is a genus of
gram-positive bacteria. They are nonmotile and
typically branched who live in gastrointestinal
tracts, vagina, and mouth of mammals [7]. The
bacterial strains are also commonly utilized in
the food industry to produce fermented dairy
products such as yoghurt, thus, they are
abundant and can be conveniently isolated for
the purpose of the ginseng biotransformation.
In this review, the Bifidobacterium spp. isolated
from commercial yoghurt product and its
applications in ginseng fermentation will be
focused.
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Figure 1. Major ginsenosides and the metabolism pathways of these substances in humane body [8].

The standardized ginseng fermentation
process using Bifidobacterium strains consists
of four main steps including the isolation of
Bifidobacterium  strains from  fermented
yoghurt, identification of the strains,
biotransformation ~ of  ginsenosides, and
assessment of biotransformation rate. This
review aims to summarize different approaches
for each step of the process as demonstrated in
Figure 2. In the strain isolation stage, two
selective media are commonly used involving
De Man, Rogosa and Sharpe (MRS) agar
fortified with L-cysteine and galactose agar

fortified with lithium chloride. Then, the
isolated strains can be identified using
Polymerase Chain Reaction (PCR) and

sequencing method or using their carbohydrate
fermentation pattern analysis. Following the
identification, the isolated strains are cultured
for mass multiplication and used in the ginseng
fermentation. In order to evaluate the in vitro
conversion from majonosides to novel
ginsenosides, Thin Layer Chromatography
(TLC) and High-Performance  Liquid
Chromatography (HPLC) are utilized to
provide assessment data.
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Figure 2. Schematic diagram for overview of ginseng fermentation process.

2. Isolation of Bifidobacterium strains from
fermented yoghurt

Yoghurt is a common type of bacterial
fermented dairy whose production relies on the
starter culture of multiple bacteria strains, such
as Lactobacillus bulgaricus, Streptococcus
thermophilus, Bifidobacterium lactis,
Lactobacillus acidophilus [9]. Bifidobacterium
spp. existing in the human intestinal
microbiome can be categorized into two
groups. One group includes B. breve, B.
infantis, and B. bifidum which can be found in
neonates’ intestine. The remaining group in the
aldult’s intestine contains B. adolescentis and
B. longum [10]. Hence, it is crucial to
effectively isolate Bifidobacterium strains from
the yoghurt culture mixture to ensure the
consistency of the ginseng fermentation
process. There are two common selective media
that can be used to isolate Bifidobacterial from
yoghurt, namely, De Man, Rogosa and Sharpe
(MRS) agar, and galactose agar. MRS agar is a
selective medium developed primarily for the
isolation and cultivation of lactic acid bacteria
[11]. This medium is suitable for lactic acid
bacteria as it includes sorbic acid and is acidic
with a pH of approximately 5.7. The medium is
fortified with L-cysteine-HCI to decrease the
medium’s oxidation-reduction potential, thus
leading to an increase in Bifidobacterium
growth [12]. In brief, a 100 pL volume of
diluted yoghurt is spread on the prepared MRS

agar dish and then incubated for 48 hours in
anaerobic condition at 37°C. The obtained
colonies are separated on the foundation of
different colony morphology and sub-cultured
on fresh MRS 0.05% L-cysteine Petri dishes to
get the pure strains [13].

Galactose agar containing lithium chloride is
proven to be a suitable medium for the aim of
Bifidobacterium’s selective enumeration from
commercially sold fermented dairy products.
This medium offers marked advantage
compared to other conventional media as it is
highly  selective towards Bifidobacteria.
Consequently, antibiotics is not required to be
added into the prepared medium to inhibit the
growth of other bacteria existing in the multi-
strain yoghurt culture. The obtained colonies
after incubation can be identified on the
foundation of different colony morphology and
sub-cultured in order to obtain pure strains [14].

3. Identification of bacterial strain

It is important to separate the Bifidobacteria
strain from the remaining species in the
commercial yoghurt prior to its application in
the fermentation process of Vietnamese
ginseng. This step aids in the downstream
processes such as fermentation control,
troubleshoot, and optimization of conditions.
There are two methods that have been
commonly performed for the identification
purpose including polymerase chain reaction
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and then sequencing or using carbohydrate
fermentation patterns.

Bifidobacteria can perform the

transformation of  various carbohydrates
including oligosaccharides and
polysaccharides.  Different Bifidobacterium

strains behave distinct carbohydrate-utilizing
abilities which can be distinguished based on
the chemical color and pH indicator of the
fermentation batch, also known as fermentation
patterns [14]. This identification approach is
called profiling strain using fermentation
patterns. The profiling can be performed using
modified MRS broth supplemented with 20
different sugars. The inoculum is prepared and
incubated anaerobically in the modified MRS
broth for 24 hours. After the incubation period,
results can be observed by a color change of the
phenol red indicator from red to yellow which
demonstrates the acid generation by
carbohydrate fermentation [15]. The collected
results will be then compared to the reported
fermentation patterns of Bifidobacterium spp.
[15]. Profiling using fermentation pattern has
been considered a classic tool for the
identification purpose. However, it has certain
drawbacks in terms of protocol and results. The
profiling procedure involves different steps
requiring a wide range of chemicals and
equipment.

Additionally, the obtained results encounter
accusation for risk of misidentification and low
accuracy [16]. In contrast to profiling bacterial
strains using fermentation patterns, the
polymerase chain reaction technique (PCR)
offers a more convenient approach for the

identification of microorganism owing to its
high sensitivity, specificity, and efficiency. The
identification of Bifidobacterium strains can be
conducted using the Universal Method for
bacterial detection and identification, which
sequences the pure 16S rRNA gen and aligns it
against the DNA database of bacteria. [17]. The
16S rRNA gene is a highly conserved
component of the transcriptional machinery
found in all bacteria. Thus, it can serve as a
suitable target gene for DNA sequencing in
samples comprising a wide range of species.
The 16S rRNA gene also has conserved and
variable regions, which makes it extremely
beneficial for PCR mass scale identification.
Sequencing the variable areas allows for the
distinction between bacteria, archaea, and
microbial eukarya while the conserved region
allows for universal amplification [18]. The two
universal primers known as 27 forward primer
(27F) and 1492 reverse primer (1492R) are
used to amplify the 16S rRNA gene. However,
in order to generate short read sequences after
the initial amplification of nearly full length
bacterial 16S rRNA gene for rapid detection,
the primer pair of 518F and 799R should be
added [19]. The targeted DNA fragments are
amplified along with the negative control and
the positive control containing E. coli genomic
DNA. It is suggested to utilize primers
518F/799R and cycle sequencing kit to create
short read sequences from the purified products
of the PCR phase in order to enhance the
quality of the final results. An automated DNA
sequencing system can be used to analyse the
resultant sequences [20].
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Table 1. Profiling differentiation of Bifidobacterium strains-based carbohydrate fermentation
patterns. [15].

Substrate
<1} Q 3 ® <}
: 8 28 4 & 32 8 £ 8¢ ¢ ., . 3 s 3 &
Strain 5 S 8 8 2 £ E £ 8 2 ¢ 5 g8 35 8 g 8 28
g 3 =2 8 &8 8 8 8 2 2 8 £ 2 § 5 8 8 B & >
< O O 4 a4 =2 =2 =2 =2 =2 xx rx e oo o »h » = F X
B. adolescentis
ATCC 15703 (type) - - - + + + - - - + + - + - + - + - - -
ATCC 15704 - - - + + + - - - + + - + - - + - - R
ATCC 15705 + - + + + - - - + + - + + + + + - - +
ATCC 15706 - - - + + + - - - + + - + - - - + - - -
B. angulatum
ATCC 27535 (type) + - + + + + - - - + + - + - - - + - - -
B. bifidum
ATCC 11863 - - - + + - - - - - - - - - - - - - R -
ATCC 15696 - - - + + - - - - - - - - - - - - - - R
ATCC 29521 (type) - - - + + - - - - - - - - - - - - - - R
B. breve
ATCC 15698 - - + + + + - + - + + - + - - - + - - -
ATCC 15700 (type) - + + + + + + + - + + - + - + - + - - -
ATCC 15701 - + - + + + + + - + + - + - + - + - - -
B. catenulatum
ATCC 27539 (type) - - - + + + - - - + + - + - + - + - - -
B. infantis
ATCC 15697 (type) - - - + + + - - - + + - + - - - + - - -
ATCC 15702 - - - + + + - + - + + - + - - - + - - +
ATCC 17930 - - - + + + - + - + + - + - - - + - - +
ATCC 25962 - - - + + + - - - + + - - - - - + - - +
ATCC 27920 + - - + + + - + - + + - + - - - + - - -
B. longum
ATCC 15707 (type) + - - + + + - - + + + - + - - - + - - +
ATCC 15708 + - - + + + - - + + + - + - - - + - - +
B. pseudocatenulatum
ATCC 27919 (type) + - + + + + - - - + + - + + + - + - - +

Variance (s?) 0 0.37 0.32 0.03 0.05 0.03 0.11 0.05 0.05 005 0 0 0.6 0.11 0.11 011 011 0 - 0.05
Each strain was tested in duplicate

Table 2. Major differences in fermentation pattern of Bifidobacterium spp. found in human body
[15].

Fermentation pattern

Substrate Macromethod Micromethod

Arabinose -  Ribose - B. bifidum ATCC 29521 B. bifidum ATCC 29521, 11863, 15696
B. infantis ATCC 25962
B. infantis ATCC 15697
B. adolescentis ATCC 15703, 15704, 15706
B. catenulatum ATCC 27539

Mannose + Cellobiose - B. infantis ATCC 15702, 17930
B
B
B
B
B

Ribose + Mannose - Cellobiose -  B. infantis ATCC 15697

. breve ATCC 15698

Cellobiose + B. breve ATCC 15700 . breve ATCC 15700, 15701

Arabinose + Salicin- Melezitose - B. infantis longum . infantis ATCC 27920
. angulatum ATCC 27535
Melezitose + B. longum ATCC 15707 . longum ATCC 15707, 15708
Salicin + Mannose - Ribose - B. catenulatum ATCC 27539
B. angulatum ATCC 27535
Ribose + B. adolescentis ATCC 15703 B. adolescentis ATCC 15705

B. pseudocatenulatum ATCC 27919
Mannose + B. pseudocatenulatum ATCC 27919
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4. Biotransformation of ginsenosides from Ngoc
Linh ginseng extract with Bifidobacterium

Performing biotransformation on ginseng
extract can improve the pharmacological
activities of the bioactive compounds through
hydrolysis. Bifidobacterium spp. are suitable
species for this role as they are commercially
available and exhibit a high B-glucosidase
activity. Fermentation of ginseng using
Bifidobacteria is an efficient approach to
convert majonosides to minor ginsenosides like
Rh1 and F2 by detaching the sugar residues
from the initial structures [20].

Prior to the fermentation, the ginseng
undergoes the extraction process starting with
grinding the dried ginsengs into fine powder.
Reflux process is carried out in the ratio of 40g
ginseng powder and 500 mL methanol-grade
analytical reagent for 4 hours for each batch.
The mixture is then vacuum filtered before
dissolving in distilled water. Different
adsorbent materials can be applied for
additional purification with constant distilled
water rinsing. The obtained crude continues to
be suspended in absolute ethanol. The residue
obtained after ethanol removal is dissolved in
distilled water again to be the final ginseng
extract [21]. The fermentation process can be
conducted by using either growing cells or non-
growing cells. However, the biotransformation
using growing cells is associated with a number
of drawbacks. The first disadvantage is that the
growing process of microorganism requires a
significant amount of metabolic energy that
could have been otherwise diverted into the
desired conversion. Secondly, the utilization of
growing cells in the fermentation process may
display numerous alternative pathways leading
to low conversion rate. In attempt to tackle this
issue, non-growing cells can be used. Non-
growing cells can be simply prepared by
resuspending the active cells in a nitrogen-

deficient buffer. Non-growing cells offer a
range of benefits for both the fermentation of
ginseng and the downstream assessment. This
technique does not require the diversion of
precursors and metabolic energy to initiate the
biotransformation, thus, inducing a marked
volumetric productivity. Moreover, the resting
cells also introduce a great opportunity of
reusing the developed microorganism for the
subsequent batches.

Conversely, using non-growing cells in
biotransformation may retain some
disadvantageous properties. Since these cells
are not completely developed, they may result
in an uncertain stability of the cell-origin
enzyme and the cell’s half-life which are the
two factors that directly affect the fermentation
efficiency. As previously mentioned, the cell
growth is restrained leading to an issue in
which certain substrate transport may be
slowed down and the conversion of substrates
to products may inhibit. Hence, the utilization
of non-growing cells in fermentation process of
ginseng is less prominent [6, 22]. In addition to
fermentation of primary ginseng extract,
several studies have been focused on
fermenting  the protopanaxadiol type
ginsenosides. Before being able to perform the
fermentation  of  protopanaxadiol  type
ginsenosides, it is required to isolate these
ginsenosides from the crude extract. This
purpose can be accomplished by using a
methanol-conditioned separation cartridge to
remove carbohydrates and impurities from
diluted ginseng extract. The obtained product is
eluted in three fractions using methanol
solution of three concentrations, 48%, 71% and
100%. Ginsenosides of the protopanaxadiol
type are found in the second fraction produced
from the elution of 71% methanol, which is
subsequently concentrated under decreased
pressure before being dissolved in distilled
water and lyophilized [21]. The fermentation of
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the lyophilized protopanaxadiol ginsenoside
extract is conducted using non-growing cells.
The fermentation batch is incubated and
monitored at different time-points. In order to
stop the fermentation process once the
fermentation time-points are achieved, the
fermented samples and controls are heated for
30 minutes at 60°C [21].

5. Assessment of in vitro biotransformation
rate

It is challenging to accurately and precisely
estimate the microbial biotransformation rate as
the kinetic models for a large mixture of
compounds and enzymes are highly complexed
and have not yet been officially established
[23]. A general principle for basic assessment
of the fermentation process is by observing the
decrease in concentration of the majonoside in
the initial sample, and the appearance or
increase in concentration of a novel ginsenoside
in the  final mixture after  the
biostransformation.  These  changes in
composition can be conveniently detected by
different methods, two of which are TLC and
HPLC.

TLC offers an accessible technique to
initially reveal the formation of products [24].
To ascertain the ginsenoside metabolite
compositions in the acquired fermented
samples and controls that are removed at each
stage of the fermentation process, HPCL can be
used. Standards Rb1, Rc, Rb2, and Rd, as well
as PD aglycone should be obtained from
commercial sources for construction of
standard curves for the quantification of
ginsenoside metabolites. Calculation of the
ginsenosides in all samples can be performed
by applying the linear regression equations of
the standard curves. The peaks can be assigned
from the comparison the samples’ retention
times with that of each reference compound and
confirmed as per their m/z provided by the LC-

MS data [21]. In addition to the two previously
mentioned techniques, the p-glucosidase
activity assay is conducted to estimate the
biotransformation rate and evaluate the activity
of the fermentation batch over time. The
fermentation of ginsenoside using
Bifidobacteria lactis exerted a higher activity
compared to the sample using Lactobacillus
rhamnosus in spite of the general increasing
trend in p-glucosidase activty of both
microorganisms [21].

6. Conclusion

Ngoc Linh ginseng has presented prominent
potential of becoming Vietnam’s highly
valuable health product. This review is a close
examination of published data and results
acquired from various research projects on
ginseng fermentation using lactic acid bacteria.
It can be -concluded that the general
fermentation  protocol is applicable for
Vietnamese ginseng species. The proposed
strategies for enhancing biotransformation of
Vietnamese ginseng include optimizing the
extraction process of fresh Vietnamese ginseng
and the B-glucosidase activity of Bifidobacteria.
Further research is suggested to confirm the
mass  production of novel bioactive
ginsenosides using fermentation method.
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