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Abstract

Objectives This work aimed to compare some pharmacological properties of red
ginseng extract (RG) and fermented red ginseng extract (FRG).
Methods Antinociceptive activity was analysed using the acetic acid-induced
abdominal constriction response. Anti-inflammatory activity was evaluated using
acetic acid-induced vascular permeability and carrageenan-induced inflammation
in the air pouch, and analysed through the measurement of nitrite content in the
lipopolysaccharide (LPS)-stimulated macrophage cells. Anti-angiogenic activity
was determined using the chick chorioallantoic membrane assay.
Key findings In-vivo anti-inflammatory activity of FRG was stronger than that of
RG in two animal models, vascular permeability and air-pouch models. In the vas-
cular permeability model, the doses of RG and FRG required for half-maximal inhi-
bition (IC50) were 181 and 59 mg/kg, respectively. FRG exhibited significantly
stronger antinociceptive activity than RG. In the acetic acid-induced abdominal
constriction response, the IC50 values of RG and FRG were 153 and 27 mg/kg,
respectively. Although both RG and FRG were able to suppress production of nitric
oxide in the LPS-stimulated RAW264.7 macrophage cells, the suppressive activity of
FRG appeared to be stronger than that of RG. However, RG and FRG showed similar
anti-angiogenic activity.
Conclusions FRG possesses enhanced anti-inflammatory and antinociceptive
activity but similar anti-angiogenic activity than RG.

Introduction

Ginseng, the root of Panax ginseng C.A. Meyer (Araliaceae), is
a world-renowned herbal medicine used for centuries as a
general tonic to promote human health.[1] White ginseng is
made by peeling fresh ginseng roots and drying them without
steaming, while red ginseng is produced by steaming fresh
ginseng roots at 98–100°C for 2–3 h before drying.[2] The
three types of ginseng, such as fresh, white and red ginsengs,
are consumed in the various forms of commercial products
such as extracts, powder, pills, tea, and capsules.[2] Red
ginseng, originally known as a preserved form of ginseng,
is believed to contain enhanced and newly-formed phar-
macological efficacies produced by heat-induced chemical
transformation.[3,4]

In recent years, unharmful bacteria have been used to
improve or generate useful efficacies of some natural

products of medicinal plant origin. For example, among the
fourteen medicinal plant extracts fermented with Lactobacil-
lus paracasei LS-2, the extract of Artemisia capallaris Thunb.
was reported to produce a dramatic enhancement in the
induction of anti-inflammatory mediators with no cytotoxic-
ity.[5] Bacillus natto was used to further increase biological
activity of cooked black soybeans.[6] During fermentation
with B. natto, genistin and daidzin concentrations gradually
decreased with increased fermentation time, while their deg-
lycosylation products, genistein and daidzein, increased.[6]

Subsequently, the 2,2-diphenyl-1-picrylhydrazyl (DPPH)
radical scavenging activity of the fermented black soybeans
was identified to significantly increase with fermentation
time and concentration.[6] The antihepatoma activity of black
soybeans increased through the fermentation with Agaricus
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blazei, possibly via enhancing the levels of responsible
components, such as blazeispirols A and C.[7] These findings
positively suggest that appropriate selection of useful bacteria
could enhance desired efficacies of certain medicinal plants.
In combination with high pressure extraction, probiotic fer-
mentation has been suggested as an alternative method for
improving the extraction efficiency and antimicrobial and
antimutagenic activity of Korean barberry.[8]

In this communication, a water extract (RG) of red ginseng
was subjected to fermentation with Bifidobacterium longum
to produce its fermented water extract (FRG), and the phar-
macological activity of RG and FRG were compared using
experimental animal models.

Materials and Methods

Chemicals and experimental animals

Indometacin (indomethacin; synthetic, purity > 98%),
dexamethasone (synthetic, purity > 99%), Escherichia coli
lipopolysaccharide (LPS, natural, purity � 97%), Evans blue,
carmellose (carboxymethyl cellulose), retinoic acid (RA) and
Griess reagent were purchased from Sigma Chemical Co.
(St Louis, MO, USA). Dulbecco’s modified Eagle’s medium
(DMEM), fetal bovine serum (FBS) and penicillin-
streptomycin were from Gibco-BRL (Gaithersburg, MD,
USA). All other chemicals used were of reagent grade or
better.

Six-year-old fresh ginseng roots were obtained from a local
ginseng market in Kumsan, Korea (May 2010). The botanical
identity was authenticated by Professor Ki-Oug Yoo, Depart-
ment of Biological Sciences, Kangwon National University,
Chuncheon, Korea. Its voucher specimen was deposited in
the herbarium of Department of Biological Sciences, College
of Natural Sciences, Kangwon National University under the
acquisition number KWNU56575.

All animal experiments performed in this work were
approved under reference number KNU1445 by the Ethical
Committee, Kangwon National University, Chuncheon,
Korea. Male ICR mice (approximately 25 g) were obtained
from Samtaco Animal Farm, Osan, Korea. The animal room
was maintained at 23 � 2°C with a 12-h light/dark cycle.
Food and tap water were freely available. In mouse experi-
ments, at least seven animals were used in each experimental
group. Fertilized brown Leghorn eggs used in this work were
obtained from Pulmuone Food Co., Seoul, Korea. At least
20 fertilized eggs were used in each experimental group.
In animal experiments, 1% carmellose in saline was used as a
vehicle.

Preparation of water extract of red ginseng
and fermented water extract

Red ginseng (500 g), produced by steaming the fresh roots at
97 � 2°C for 2 h and drying at 57 � 2°C, was ground to pass

through a 80-mesh sieve, extracted under reflux with 2 vol
distilled water three times for 2 h at 97 � 2°C and concen-
trated by evaporation in vacuo to generate RG. RG (15 g) was
resuspended in distilled water and incubated at 30°C for five
days with a culture (10 g, on a wet weight basis) of B. longum,
a Gram-positive, anaerobic, branched-shaped bacterium
normally residing in the human gastrointestinal tract. After
this time it was centrifuged at 5000g for 20 min to discard
bacterial cells and concentrated in vacuo to produce FRG. The
ginsenoside patterns of RG and FRG were analysed by high-
performance liquid chromatography (HPLC) using a Hitachi
L-7100 liquid chromatograph fitted with a YMC-Pak Pro C18

reverse-phase column (250 ¥ 4.60 mm i.d., 5 mm; YMC,
Kyoto, Japan). The contents of total ginsenosides in RG and
FRG were determined to be 23.8 and 21.5 mg/g extract,
respectively.

Acetic acid-induced vascular permeability

According to a modification of the method of Whittle[9] an
acetic acid-induced vascular permeability test was per-
formed. Fifty minutes after oral administration of vehicle,
RG (50, 100 or 200 mg/kg), FRG (25, 50 or 100 mg/kg)
or indometacin (10 mg/kg; a positive control), 0.1 ml/10 g
2% Evans blue solution was injected intravenously in each
mouse. After 10 min, 0.1 ml/10 g 0.7% acetic acid in saline
was intraperitoneally injected. Twenty minutes after the
injection of acetic acid, the mice were killed by cervical dislo-
cation. Saline (10 ml) was injected into the peritoneal cavity
and the washings were collected in test tubes. Concentration
of Evans blue in the washings, resulting from the dye leaking
out into the peritoneal cavity, was determined by the absor-
bance at 590 nm. The vascular permeability was represented
in terms of the absorbance (A590).

Carrageenan-induced inflammation in
the air pouch

According to a modification of the procedure of Ghosh
et al.[10], l-carrageenan-induced air pouch formation was
performed. Six days before sample administration, the air
pouches were made in the intrascapular region of mice by
initial subcutaneous injection of 4 ml sterile air, and three
days later, reinforced with additional 2 ml sterile air. On day
0, vehicle, RG (0.03, 0.1, 0.3 mg per pouch), FRG (0.03, 0.1,
0.3 mg per pouch) or dexamethasone (0.01 mg per pouch)
was administered into the pouch immediately after the
l-carrageenan injection (1.0 ml 2.0% solution). After 16 h,
the pouch cavity was opened and the exudate was collected.
The exudate volumes were measured using a graduate
tube, and the polymorphonuclear leucocytes in the diluted
samples were counted in a standard haemocytometer
chamber.
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Acetic acid-induced abdominal
constriction response

Antinociceptive activity of RG and FRG was detected as
described previously.[11] Each experimental group of mice
was treated orally with vehicle, RG (50, 100 or 200 mg/kg),
FRG (25, 50 or 100 mg/kg) or indometacin (10 mg/kg; a posi-
tive control). One hour later, 0.7% acetic acid at the dose of
0.1 ml/10 g was injected. Ten minutes after this injection the
number of abdominal constrictions was counted for 10 min.

Effect on the nitric oxide production in the
macrophage cells

The RAW264.7 cells, obtained from American Type Culture
Collection (Manassas, VA, USA), were cultured in DMEM
containing 10% heat-inactivated FBS, 25 mm HEPES
(pH 7.5), 100 U/ml penicillin and 100 mg/ml streptomycin.
The RAW264.7 cells were plated at a density of 1 ¥ 106 and
pre-incubated for 24 h at 37°C, and maintained in a humidi-
fied atmosphere containing 5% CO2. The mammalian cells
were treated with LPS (1 mg/ml) in the presence or absence of
the tested samples for 24 h. Accumulated nitrite (NO2

-), as an
index of nitric oxide (NO), in the media was determined
using a colorimetric assay based on the Griess reaction.[12]

Chorioallantoic membrane assay

Anti-angiogenic activity of RG and FRG was determined
using the chorioallantoic membrane (CAM) assay as
described previously.[13] After the fertilized chicken eggs were
kept for 3.5 days in a humidified egg incubator at 37°C,
approximately 2 ml albumen was aspirated through a small
hole drilled at the narrow end of the eggs, allowing the small
chorioallantoic membrane and yolk sac to drop away from
the shell membrane. In the 4.5-day-old chick embryo, a
sample-loaded Thermanox coverslip was applied onto the
CAM surface. Two days after returning the chick embryo to
the egg incubator, an appropriate volume of 10% fat emul-
sion (Intralipose) was injected into a 6.5-day-old embryo
chorioallantois. The branching pattern of each egg, observed
under a microscope, was graded as 0, 1+ or 2+. Convergence
of a few vessels toward the CAM surface was denoted as 1+,
and 2+ reflected an increased density and length of vessels
toward the CAM surface.

Statistical analysis

The results were expressed as mean � SE. Statistical com-
parisons between experimental groups were performed by
unpaired Student’s t-test. P-values less than 0.05 were consid-
ered to be significant. The half maximal (50%) inhibitory
concentration of a substance (IC50) was calculated from the
dose/response linear regression plots.

Results

Ginsenoside patterns of red ginseng water
extract and fermented water extract

As shown in Table 1, the ginsenoside pattern of FRG was dif-
ferent from that of RG. Among the individual ginsenosides
tested, FRG was rich in Rg3, compound K (a protopanaxadiol
ginsenoside metabolite) and Rg2. Based on the chemical
structures of ginsenosides, it was estimated that Rb1, Rb2, Rc
and Rd could be transformed to Rg3, Rh2 and compound K
during fermentation. Similarly, Re could be transformed to
Rg2. The content of total ginsenosides in FRG appeared to be
similar with that in RG, implying that there were no signifi-
cant changes in total ginsenoside pool during fermentation.
These findings implied that B. longum caused transformation
of some ginsenosides during its incubation with RG.

Anti-inflammatory activity

The anti-inflammatory activity of RG and FRG was com-
pared employing two in vivo models, the vascular permeabil-
ity and air-pouch assays. The vascular permeability assay, a
typical model for investigating both the first stage inflamma-
tory reactions and mediators involved in inflammation
released after antigen-stimulation, leads to the dilation of
arterioles and venules and increased vascular permeability.[14]

In the vascular permeability model, RG administered to
animals at the oral doses of 50, 100 and 200 mg/kg gave an
inhibition of 26, 39 and 52%, respectively, while FRG at the
oral doses of 25, 50 and 100 mg/kg gave rise to an inhibition

Table 1 The ginsenoside patterns of the red ginseng water extract and
fermented water extract

Ginsenosides

Content, %

Water
extract

Fermented
water extract

Rb1 40.0 ND
Rb2 13.6 ND
Rc 8.5 ND
Rd 1.3 ND
Rg3 3.1 39.3
Rh2 1.3 3.7
Compound K ND 47.6
Re 10.1 ND
Rg1 14.9 ND
Rg2 5.2 7.6
Rh1 2.0 1.8
Total 100 100

Some ginsenosides of the water extract and fermented water extract
were analysed by HPLC. Percentages of the individual ginsenosides, on
a dry weight basis, were calculated against the corresponding total
ginsenoside amount. The contents of total ginsenosides in red ginseng
water extract and fermented extract was 23.8 and 21.5 mg/g extract,
respectively. ND, not detected.
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of 23, 51 and 62% (Figure 1). The doses of RG and FRG
required for half-maximal inhibition (IC50) were 181 and
59 mg/kg, respectively. In the carrageenan-induced inflam-
mation in the air pouch, dexamethasone (0.01 mg per
pouch), a steroidal anti-inflammatory drug, reduced the
volumes of the exudates by 73% (Table 2). Treatments with
FRG at 0.03, 0.1 or 0.3 mg per pouch gave rise to a decrease in
the exudate volumes more significantly than that with RG at
the same doses (Table 2). Similarly, total numbers of poly-
morphonuclear leucocytes in the air pouches were more
markedly diminished by treatment with FRG at 0.03, 0.1 and
0.3 mg per pouch than with RG at the same doses (Table 2).
Collectively, although both RG and FRG contained in-vivo
anti-inflammatory activity in experimental animal models,
the anti-inflammatory activity of FRG was significantly
stronger than that of RG.

Antinociceptive activity

Antinociceptive activity of RG and FRG were evaluated using
the acetic acid-induced abdominal constriction response.
Although the abdominal constrictions induced by acetic acid
are not a very specific nociception model, it is believed to
reveal a general antinociceptive activity of the sample. The
constriction response of the mouse to an intraperitoneal
injection of acetic acid was used to detect antinociceptive
activity. Acetic acid is known to cause pain by liberating
endogenous substances that excite the pain nerve endings.
RG administered to animals at the oral doses of 50, 100 and
200 mg/kg gave rise to an inhibition of 17, 32 and 61%,
respectively, whereas FRG at the oral doses of 25, 50 and
100 mg/kg showed an inhibition of 49, 63 and 82%, respec-
tively (Figure 2). The IC50 values of RG and FRG were 153
and 27 mg/kg. In summary, the antinociceptive activity of
FRG was much greater than that of RG.

Inhibitory effect on NO production

Inducible nitric oxide synthase (iNOS) plays a regulatory role
in expression of pro-inflammatory mediators in inflamma-
tion. iNOS-derived NO is involved in various pathological
conditions such as inflammation and autoimmune diseases
and leads to cellular injury.[15] Suppression of NO production
is closely linked with anti-inflammatory action. Inhibitory
effects of RG and FRG were evaluated on LPS-induced NO
expression in RAW264.7 macrophages. The accumulated
nitrite in the medium, determined by the Griess method, was
used as an index for NO level.When the RAW264.7 macroph-
age cells were treated with LPS, the nitrite content increased
approximately 9-fold (Figure 3). When the macrophage
cells were pretreated with 8, 40 or 200 mg/ml RG or FRG, the
NO production induced by LPS was significantly suppressed
in a concentration-dependent manner (Figure 3). At a con-
centration of 200 mg/ml RG and FRG diminished the nitrite
levels to 56 and 36% of that of the LPS only, respectively
(Figure 3). Taken together, FRG exhibited stronger in-vitro
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Figure 1 Inhibitory effects of red ginseng water extract and fermented
extract on the acetic acid-induced vascular permeability in mice. Red
ginseng water extract (RG; 50, 100 or 200 mg/kg), fermented extract
(FRG; 25, 50 or 100 mg/kg), indometacin (IND; 10 mg/kg; positive
control) or vehicle (Cont; 1% carmellose in saline) was orally adminis-
tered. Vascular permeability was represented by the absorbance at
590 nm. Each column represents mean � SE. Each group contained
seven mice. This experiment was performed in triplicate. *P < 0.05,
**P < 0.01, ***P < 0.001 vs the control group.

Table 2 Effects of red ginseng water extract and fermented water extract on carrageenan-induced inflammation in the air pouch model

Group Dose (mg per pouch) Exudate (ml) Total leucocytes (¥107 cells)

Control – 2.50 � 0.03 4.80 � 0.56
Water extract 0.03 0.03 2.23 � 0.13 (10.7) 4.69 � 0.15 (2.4)
Fermented extract 0.03 0.03 2.22 � 0.20* (10.9) 4.66 � 0.14 (2.9)
Water extract 0.1 0.1 2.07 � 0.06** (17.3) 2.97 � 0.25* (38.2)
Fermented extract 0.1 0.1 1.91 � 0.06*** (23.6) 2.32 � 0.23** (51.7)
Water extract 0.3 0.3 1.90 � 0.10** (24.0) 1.72 � 0.21** (64.1)
Fermented extract 0.3 0.3 1.27 � 0.07*** (49.1) 1.20 � 0.02*** (75.1)
Dexamethasone 0.01 0.67 � 0.03*** (73.3) 1.54 � 0.02** (67.9)

Note: The results are expressed as mean � SE (n = 8). Figures in parentheses indicate inhibitory percentages with respect to the corresponding control.
Dexamethasone was used as a positive control. The control group was treated only with 1% carmellose in saline. *P < 0.05, **P < 0.01, ***P < 0.001
compared with the control group.
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anti-inflammatory activity than RG, which might further
support the enhanced in-vivo anti-inflammatory and anti-
nociceptive activity of FRG.

Anti-angiogenic activity

The chick chorioallantoic membrane (CAM) is an extra-
embryonic membrane commonly used in vivo to study
both angiogenesis and anti-angiogenesis. The membrane was

exploited for examining the inhibitory activity of RG and
FRG on vascular development, and retinoic acid was used as a
positive control for the assay. Retinoic acid is known to inhibit
angiogenesis by downregulating the expression and release
of pro-angiogenic factors.[16] The disk only did not give rise
to changes in vascular density, indicating that it was unable
to affect growth of blood vessels in the CAM assay (data not
shown). After the two-day treatment, the eggs treated with
retinoic acid at 1 mg per egg showed approximately 79% inhi-
bition in the branching patterns of blood vessels (Figure 4).
When 0.01, 0.03 or 0.10 mg per egg of RG was applied in the
CAM assay, the inhibition percentages in CAM angiogenesis
were 35, 50 and 60%, respectively, whereas FRG at the same
doses gave rise to an inhibition of 27, 55 and 63%, respectively
(Figure 4). These results indicated that both RG and FRG
contained remarkable anti-angiogenic activity in the in-vivo
assays used. However, as shown in Figure 4, no significant dif-
ferences in the anti-angiogenic activity of RG and FRG were
observed. This finding implied that fermentation of RG with
the Bifidobacterium strain used in this work could not modu-
late anti-angiogenic activity. Taken together, it was obvious
that RG and FRG possessed similar anti-angiogenic activity.

Discussion

Ginseng has a wide range of pharmacological and physiologi-
cal actions, which include anti-inflammatory, antioxidant,
anticarcinogenic, antitumorigenic, anti-allergic, anti-ageing,
antinociceptive, antihypertensive, anti-amnesic, antiobestic
and antidiabetic activity.[4,17–24] Ginsenosides, also referred
to as ginseng saponins with a triterpenoid dammarane
structure, are known to be responsible for the majority of
ginseng’s pharmacological actions.[25] Ginsenosides are class-
ified into three categories on the basis of aglycone moieties:
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Figure 2 Inhibitory effects of red ginseng water extract and fermented
extract on the acetic acid-induced abdominal constriction response in
mice. Red ginseng water extract (RG; 50, 100 or 200 mg/kg), fermented
extract (FRG; 25, 50 or 100 mg/kg), indometacin (IND; 10 mg/kg; positive
control) or vehicle (Cont; 1% carmellose in saline) was orally adminis-
tered. From 10 min after the intraperitoneal injection of 0.7% acetic acid
solution, the number of abdominal constrictions during the following
10-min period was counted. The results are expressed as mean � SE.
Each group contained seven mice. **P < 0.01, ***P < 0.001 vs the
control group.
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Figure 3 Inhibitory effects of red ginseng water extract and fermented
extract on lipopolysaccharide-induced nitric oxide production in
RAW264.7 macrophage cells. The mammalian cells were incubated for
24 h with lipopolysaccharide (LPS; 1 mg/ml) in the presence or absence of
indicated concentrations of water extract (RG) or fermented extract (FRG).
Accumulated nitrite in the culture medium was determined by the Griess
reaction.Thevaluesaremean � SEof the three independentexperiments.
*P < 0.05, **P < 0.01, ***P < 0.001 compared with LPS only.
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Figure 4 Anti-angiogenic activity of red ginseng extract and fermented
extract in the chick embryo chorioallantoic membrane assay. Retinoic
acid (RA; 1 mg/egg) was used as a positive control. Each group contained
at least 20 eggs. Each column represents mean � SE of the three
independent experiments. *P < 0.05, **P < 0.01, ***P < 0.001 vs the
control group (Cont).
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protopanaxadiol (Ra1, Ra2, Ra3, Rb1, Rb2, Rb3, Rc, Rd, Rg3,
Rh2, etc.), protopanaxatriol (Re, Rg1, Rg2, Rf, Rh1, etc.), and
oleanoic (Ro) saponins.[26] Some ginsenosides, including Rg3,
Rg5, and Rk1, are only identified from red ginseng.[27] Pharma-
cological activities of ginseng are individually attributed to
different types of ginsenosides. Protopanaxadiol-type ginse-
nosides Rb1, Rb2, Rc and Rd contain antioxidant activity,
whereas protopanaxatriol-type ginsenosides Re, Rf and Rg1

possess effects on improvement of learning and memory.[28,29]

On the other hand, Rg1 promotes functional neovasculariza-
tion into a polymer scaffold in vitro and angiogenesis in vivo,
while Rb1 and Rb2 inhibit angiogenesis.[30,31]

In this work, RG was exposed to one of the probiotic strains
toinvestigateanyenhancement initspharmacologicalactivity.
Enhanced anti-inflammatory and antinociceptive activity of
FRG could be attributed to the increased levels of ginsenosides
Rg3, compound K and Rh2, which had been identified previ-
ously to contain significant anti-inflammatory activity.[32–35]

During fermentation with the Bifidobacterium strain used, the
precise transformation modes responsible for changes in the
ginsenoside patterns remain elusive. Anti-angiogenic activity
of RG and FRG appeared to remain similar, which was deter-
mined using the CAM assay, implying that the anti-angiogenic
activity was independent on component changes generated
with the current fermentation. However, the strong anti-
angiogenic activity of both RG and FRG were verified using the
in-vivo model. Hypolipidaemic and hypoglycaemic effects of
red ginseng were shown previously to be enhanced by fermen-
tation with Bifidobacterium H-1.[36] In addition to ginsenos-
ides, both RG and FRG contain other beneficial components,
and their amounts would be changed during bacterial fermen-
tation. However, the anti-inflammatory, antinociceptive and
anti-angiogenic activities studied in this work were chiefly
attributed to the effects of ginsenosides. Changes in other
beneficial components of red ginseng by fermentation and
subsequent changes in their pharmacological effects currently
remain to be elucidated. B. longum primarily lives in the
human gastrointestinal tract, although it is not always
found in everybody.[37] Thus all humans could not expect the
suggested fermentation in their guts after taking in red
ginseng. The use of already fermented materials might be an
effective way to overcome this issue. Together with previous
findings, the results obtained with this work might indicate
that enhancement of the individual actions of red ginseng
by fermentation would depend on the selection of bacterial
strain. Accordingly, strain selection would be crucial to

enhancethewantedpharmacologicalactivityof redginsengby
fermentation. Nonetheless, fermentation is expected to be a
valuable method, suggesting that we would use ginseng in a
more effective way.However, the use of bacterial fermentation
to enhance the pharmacological efficacies of traditional medi-
cine, such as ginseng, would have some limitations. Selection
of an appropriate bacterial strain should be an essential pre-
requisite in order to enhance a desired pharmacological effi-
cacy of certain medicinal plants, although it would sometimes
be time-consuming or nearly impossible. Other limitations
couldemerge fromunfavourable reactionsduring the fermen-
tationprocesswithascreenedstrain,asproductionof undesir-
ablesubstancescouldhaveharmfuleffectsonthehumanbody.
In general, although the fermented product would contain
enhanced pharmacological effects, it would be necessary to
ensure that it was completely safe to the human body.

Conclusions

Bacterial fermentation of a water extract of red ginseng was
able to enhance its anti-inflammatory and antinociceptive
activity, which were determined using in-vivo and/or in-vitro
experimental models. Enhanced anti-inflammatory and anti-
nociceptive activity of the fermented extract of red ginseng
were assumed to be attributed to changes in the pattern of
ginsenosides. Anti-angiogenic activity of the red ginseng
water extract and fermented extract were very similar in the
CAM assay. The current finding would further support that
beneficial bacterial fermentation may be used as a plausible
method to strengthen specific pharmacological activities of
ginseng.
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