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Ginsenoside Analysis of Panax ginseng C. A. Meyer Culture Broth in 
a Bioreactor and Its Application in Inducing Biological Changes in Leafy Vegetables
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INTRODUCTION

Panax ginseng C. A. Meyer (Family Araliaceae) is a

perennial herb known for its medicinal qualities; it tastes sweet

and bitter, is considered warm and refreshing to consume, and

is reputed to have both therapeutic and pharmacological

benefits (Yoo et al., 2003). The main component of P. ginseng

is the triterpenoid family of saponins (ginsenosides), one of the

most commonly studied of which is ginsenoside Rb1 that has

been shown to act as a central nervous system inhibitory agent

and enhance immune function. Additionally, the ginsenoside

Rc has been found to promote serum protein synthesis and

plasmin activation, and Rf to inhibit pain (Yoon et al., 1997).

P. ginseng also contain phenolic compounds, essential oils, and

alkaloids, and these, among other polysaccharides of P.

ginseng, are known to have anticancer properties and improve

immune function (Kim et al., 1990).

Owing to their slow growth rate, wild ginseng plants are not
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Background: The aim of this study was done to identify whether mass produced wild ginseng cul-
ture broth prepared from cultivated wild ginseng roots could have an application in enhancing the
agricultural utility value of leafy vegetables.
Methods and Results: Leafy vegetables Lactuca sativa and Brassica juncea were treated with
wild ginseng culture broth. Plants were examined and treatment (100 ㎖) applied twice a week
over an eight week period. Total phenolic and flavonoid content of treated plants was then mea-
sured. Wild ginseng culture broth treatment resulted in phenolic and flavonoid content of 0.40
㎎·GAE/㎖ and 0.36 ㎎·QE/㎖, respectively in L. sativa. When treated with wild ginseng culture
broth, free radical scavenging ability was found to be higher in both L. sativa and B. juncea

whereas antimicrobial activity was found to be higher in B. juncea (625 ㎍/㎖) than in L. sativa.

Inorganic element analysis of L. sativa and B. juncea showed that Ca and Mg were higher in the
wild ginseng broth treatment group, whereas harmful elements such as As were reduced.
Conclusions: Rather than discarding the wild ginseng culture broth, it can be used as a fresh bio-
material by reprocessing it as agricultural products that can promote growth and improve function-
ality in plants.
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ready for harvest, and therefore commercial production, until

they are 10 - 15 years old (Wang et al., 1998). In addition to

this, the small size of P. ginseng limits its cultivation yield.

Currently, research is being conducted to cultivate wild ginseng

in aseptic culture facilities using biotechnology to secure high

root production (Son and Hall, 1990; Yoo et al., 2003).

Ginseng cultured roots are produced by separating induced

callus from the tissue of natural wild ginseng, which are then

usually cultured in a bio cultivator for a period of

approximately 45 days (Jeong et al., 2005). In order to induce

useful secondary metabolites such as alkaloid and triterpenoid,

jasmonic acid has been used to increase specific ginsenosides

using cell culture (Yu et al., 2002). 

Prior research has shown that when a large amount of wild

ginseng root muscle is produced using a bioreactor, and the

remaining culture is recycled to grow radish, the components

present in the culture activate the growth of radish (Kwon et

al., 2009). Recently, there has been reported of biological

activity by fermentation treatment with roots of wild ginseng

cultured through a bioreactor (Kim et al., 2016a). Other

research has found that application of wild ginseng culture

broth using proteomics technology can produce high quality,

and disease resistant, pigs (Seol et al., 2011). In addition,

discarded wild ginseng cultures have been used to supplement

the diet of laying hens (Park et al., 2005). However, to date

there has been limited research on the application of discarded

ginseng culture fluids in animal rearing, and only a few

reported cases of application in plant cultivation. Despite the

presence of many active ingredients in discarded ginseng tissue

culture broth, there is limited research on its industrial

application.

Therefore, this study was conducted to identify whether the

discarded P. ginseng culture broth could be effectively used in

promoting the growth of leafy vegetables.

METHODS AND MATERIALS

1. Analysis of wild P. ginseng tissue culture components

and growth conditions of leafy vegetables

Wild P. ginseng (C. A. Meyer) culture broth samples were

concentrated under reduced pressure to conduct HPLC analysis.

MeOH was used as the final injection solvent. 10 ㎕ of the

culture broth were then taken and analyzed using HPLC. The

HPLC instrument used was a Shimadzu LC-10AT system

(Shimadzu, Kyoto, Japan), and the column used was 4.6 ㎜ ×

150 ㎜ reverse phase Eclipse XDB-C18 3.5 ㎛. Flow rate was

set at 1.0 ㎖/min, and the UV absorbance detector was fixed at

203 ㎚ for the experiment.

Sixteen standard ginsenosides were employed in the study;

Rg1, Re, Rf, Rg2, Rh1, Rb1, Rc, Ro, Rb2, Rd, Rk3, Rh4,

Rh2, Rg3, Rk1, and Rg5 (Sigma-Aldrich Co., St. Louis, MO,

USA) Seeds of leafy vegetables, fresh red-cotton lettuce

(Lactuca sativa) and Asian red mustard (Brassica juncea),

were planted in pots and were then treated with the diluted

culture solution (dilutions were 1 : 20, 1 : 50, and 1 : 100)

(Fig. 1). Treatments were applied twice weekly for a period of

eight weeks.

2. Total phenolic content of leafy vegetables treated with

P. ginseng culture broth

The color change reagent, which reacts specifically with

phenolic substances, was measured using Folin-Ciocalteau

Fig. 1. Growth characteristics of L. sativa (A) and B. juncea (B). These plants showed growth difference according to treat with P.
ginseng C. A. Meyer culture broth for 8 weeks. 
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reagents (Sigma-Aldrich Co., St. Louis, MO, USA) (Taga et

al., 1984). Seven microliters of the Folin-Ciocalteau reagent

was added to 14 ㎕ of the sample and stabilized for a 5 min

period. Absorbance was then measured at 725 ㎚ (Multiskan

FC Microplate Photometer, Thermo Fisher Scientific Inc.,

Waltham, MA, USA).

Gallic acid was prepared as a standard, and the photo of Fig.

2 was treated by P. ginseng culturing broth for the two leafy

vegetables tested, L. sativa and B. juncea.

3. Total flavonoid content of leafy vegetables treated with

P. ginseng culturing broth

Twenty microliters of 10% aluminum nitrate (w/v) and 20 ㎕

of 1 M potassium acetate (w/v) were added to 100 ㎕ of the

sample. 86 ㎖ of 80% EtOH was then added and stabilized for

40 min at 25℃ (Kim et al., 2016a). 

Absorbance was measured at 415 ㎚ using a UV-VIS

spectrophotometer (Multiskan FC Microplate Photometer,

Thermo Fisher Scientific Inc., Waltham, MA, USA) against the

standard material, quercetin. Results obtained are shown in Fig.

3.

4. Antioxidant activity of leafy vegetables treated with P.

ginseng culture broth, as estimated by DPPH free radical

scavenging

Antioxidant activity was measured by modifying DPPH (1,1-

diphenyl-2-picryl-hydrazyl) using the free radical scavenging

method (Blois, 1958). Samples concentrated in each treatment

group were prepared by diluting samples using 80% MeOH

extracted solvent to concentrations of 10, 50, 100, 200, and

500 ppm, respectively. 100 ㎕ of the sample in 96-well plate

was added to treatments along with 100 ㎕ of 0.15 mM DPPH

solution.

Samples were then left to react for 30 min at room

temperature in the dark. After the reaction was complete the

absorbance of samples was measured at 517 ㎚ using a UV

spectrophotometer. Following absorbance measurement, the

concentration of RC50 (㎍/㎖), which reduces the value of the

control group without the compound by 50%, was identified.

5. Antioxidant activity of leafy vegetables treated with P.

ginseng culture broth, as estimated by ABTS free radical

scavenging

Equal amounts of 7.4 mM ABTS (Sigma-Aldrich Co., St.

Louis, MO, USA) and 2.6 mM potassium persulfate (Daejung

Chemicals and Metals Co., Ltd., Siheung, Korea) were left to

react for 24 h at room temperature in the dark to form radicals.

The solution was then diluted using phosphate-buffered saline

(pH 7.4) to obtain an absorbance of 0.73 ± 0.03 units at 732

㎚ using a spectrophotometer. Following dilution, 50 ㎕ of the

extract was mixed with 950 ㎕ of ABTS and left to react for a

further 10 min at room temperature in the dark.

Absorbance was subsequently measured at 732 ㎚ (Re et

al., 1999). After absorbance measurement, RC50 (㎍/㎖)

concentration was identified and compared with ascorbic acid

concentration (a water-soluble vitamin used as an antioxidant).

6. Antimicrobial activity of leafy vegetables treated with P.

ginseng culture broth 

To investigate antimicrobial activity the serial two fold

dilution method was employed (Kobayashi et al., 1993). Gram-

positive Bacillus cereus, and Gram-negative Eschericia coli

and Salmonella enteritidis (Korean collection for type cultures,

South Korea), bacteria were used for the experiment. 10 ㎖ of

the cell suspension of each test specimen was inoculated in a

conical tube and the sample cultured using shaking incubator at

120 rpm for a period of 12 h or more at each growth

temperature. The culture solution was diluted 100 fold in each

growth medium in preparation of antimicrobial testing.

The sample was then placed in the first well of a 96-well

micro assay plate and the prepared cell suspension was

dispensed up to eight times (this was done by dividing the

diluted cell suspension twice). The solution was subsequently

cultured for 24 h at 37℃ in an incubator, and the extent of

bacterial growth was visually observed. Benzoic acid was used

as a positive control and distilled water was used as a negative

control. Minimum inhibitory concentration (MIC) was

measured to inhibit the growth of bacteria.

7. General ingredient analysis of leafy vegetables treated

with P. ginseng culture broth

The general constituents of the leafy vegetables identified by

the dilution treatments and their bioactivity were analyzed

using the AOAC method (AOAC, 1990).

Moisture content is measured, atmospheric pressure drying

method at 105℃ and crude protein content is used micro-

Kjeldahl method (Kjeltec protein analyzer, Foss Tecator AB,

Hillerød, Denmark). Crude fat content is used soxhlet

extraction method into the sample. Samples were analyzed

using ethanol extraction. The ash content was directly
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incinerated, and the sample was preliminarily carbonized in an

electric furnace and then incubated at 550℃ - 600℃ for a

minimum of 12 h making the sample grayish in color. After

cooling, the sample content was calculated and represented as

a percentage of the sample weight. The carbohydrate content

was measured by subtracting water. 

8. Inorganic element analysis of leafy vegetables treated

with P. ginseng culture broth 

The reaction was stopped by treating the 0.5 g powder

sample with 7 ㎖ HNO3 over a 6 h period. The sample was

then treated with H2O2. The solvent was completely removed

from the sample by raising the temperature at 80℃, 130℃, 150

℃ and 180℃ increments for 5 min using a microwave

(Samsung, Suwon, Korea).

Following removal of the solvent ICP-OES (OPTIMA7300DV,

Perkinelmer Inc., Waltham, MA, USA) spectroscopy was

performed by adding tertiary distilled water to the sample

(Osborne and Voogt, 1981). A calibration curve was then

prepared by diluting the standards (As, Cu, Ca, Fe, Mn, Mg,

Zn, V, Se) for in organic element analysis, and then calculated

by substituting the area ratio at the wavelength of the inorganic

element into the calibration curve.

RESULTS AND DISCUSSION

1. HPLC analysis of ginsenoside in wild ginseng culture

broth cultured in a bioreactor

The ginsenosides in wild ginseng (Panax ginseng C. A.

Meyer) cultures were identified using HPLC (Fig. 2). All

Fig. 2. HPLC analysis of ginsenoside contents of P. ginseng C. A. Meyer tissue culture broth. (A); saponin standard 16 mix, (B);
Panax ginseng C. A. Meyer tissue culture broth. 1: Rg1, 2: Re, 3: Rf, 4: Rg2, 5: Rh1, 6: Rb1, 7: Rc, 8: Ro, 9: Rb2, 10: Rd, 11:
Rk3, 12: Rh4, 13: Rh2, 14: Rg3, 15: Rk1, 16: Rg5.



생물반응기 산삼배양액의 응용

123

ginsenosides except for Rh1 and Rk1 were detected but with

varying concentrations. Ginsenoside Rg5 had the highest

content of all ginsenosides measured at 16.937 ㎍/g (Table 1).

Prior research has found wild ginseng cultures contain about

2% wild ginseng and more than 10% saponins (Bae et al.,

2003). Additionally, many studies have investigated the efficacy

of saponins, which make up the most abundant component of

wild ginseng cultures (Kim et al., 2002; Santos et al., 2002).

As research suggests cultures containing ginsenosides contain

effective ingredients that can improve plant growth and

functionality, it may be that products can be developed using

these cultures for agricultural application.

2. Analysis of total phenolic and flavonoid content of leafy

vegetables treated with wild ginseng culture broth

Phenolic substances are widely distributed as secondary

metabolites in plants and are known to be involved in various

biological activities of phenolic hydroxyl groups. In addition, it

has involved in a bioactive function such as antimicrobial

effect by inducing growth inhibition by interacting with

microbial cells (Moon et al., 2004). In the current study it was

found that total phenolic content was 0.40 ㎎·GAE/㎖ for

treated L. sativa, which was higher than that in the control

(0.37 ㎎·GAE/㎖). The B. juncea treatment group measured a

phenolic content of 0.36 ㎎·GAE/㎖, which was significantly

higher than that of the control (0.25 ㎎·GAE/㎖) (Fig. 3A). 

Flavonoids are known to affect biochemical activities such as

inhibition of lipid peroxide production (Middleton and

Kandaswami, 1994). A study investigating flavonoid content in

wild ginseng found wild ginseng cultured root extracts

fermented with microorganisms had a total flavonoid content

of 100 ㎍·QE/㎖ or more (Kim et al., 2016b). In the current

study Flavonoid content was 0.044 ㎍·QE/㎖ in treated L.

sativa plants, which was 2.6 fold higher than that of the

control. Treated B. juncea had a flavonoid content of 0.016

㎎·QE/㎖, 3.8 fold higher than that of the control (0.004

㎎·QE/㎖) (Fig. 3B). Although flavonoid content found in

culture broth is less than the amount of flavonoids found in

wild ginseng culture root, its detection is important given the

availability of wild ginseng culture broth. As a result of

analyzing the wild ginseng culture broth, since the ginsenoside

content is present, it is considered that the phenol and

flavonoid contents of the leafy vegetables are increased when

applied to leafy vegetables.

Fig. 3. Total phenol (A) and flavonoid (B) contents of L. sativa
and B. juncea treated with P. ginseng culture broth.
*Means with difference letters are significantly different at
p < 0.05 by Duncan’s Multiple Range Test (DMRT).

Table 1. Ginsenoside contents of P. ginseng C. A. Meyer tissue
culture broth used in bioreactor.

No. Ginsenoside
Standard

retention time

P. ginseng C.A. tissue 
culture broth

(㎍/g)

1 Rg1 33.464 1.437 

2 Re 36.338 3.068 

3 Rf 42.528 0.938 

4 Rg2 44.360 2.613 

5 Rh1 44.536 0.000

6 Rb1 45.221 0.577 

7 Rc 46.033 0.337 

8 Ro 46.794 8.902 

9 Rb2 47.136 3.378 

10 Rd 49.262 1.254 

11 Rk3 54.326 0.295 

12 Rh4 55.717 2.145 

13 Rh2 58.788 0.435 

14 Rg3 60.004 4.195 

15 Rk1 60.897 0.000

16 Rg5 62.235 16.937
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3. Free radical scavenging activity of leafy vegetables

treated with wild ginseng culture

DPPH is a representative reactant used to measure antioxidant

activity; it is a purple compound that exhibits specific light

absorption at 517 ㎚. It is considered a very stable free radical

and is used as a substrate for measuring activity of antioxidants

(Jeon et al., 2009).

In a study by Jang et al. (2008) that compared DPPH radical

scavenging activity of wild ginseng, wild-cultivated ginseng,

and ginseng extracts, wild ginseng was found to have the

lowest antioxidant activity. It has also been found that when

the concentration of wild ginseng culture root extract is

increased, electron donating ability also proportionally increases

(Kim et al., 2016b).

As a result of free radical scavenging activity of the leafy

vegetables treated with wild ginseng culture broth used to

produce ginseng culture roots in the present study, the

antioxidant activity was increased in treated L. sativa by

reducing the RC50 value to 255.53 ± 0.15 ㎍/㎖ in the L. sativa

treatment when compared with 311.12 ± 0.13 ㎍/㎖ in the

control. The B. juncea treatment group showed an increased

antioxidant activity by reducing the RC50 value 1.5 times to

859.33 ± 0.10 ㎍/㎖ when compared with the control measured

at 1274.75 ± 0.08 ㎍/㎖ (Table 2). This result is thought to be

due to the increase in antioxidant functional substance content

in the leafy vegetables as a result of treatment with the culture

broth.

As a result of the ABTS free radical scavenging method, the

antioxidant activity of L. sativa was increased to 750.00 ± 0.10

㎍/㎖, which was notably lower than that of the control at

900.60 ± 0.04 ㎍/㎖. Antioxidant activity was also increased in

treated B. juncea, which measured 825.40 ± 0.05 ㎍/㎖ an

RC50 value 1.8 times lower than that in the control (1521.11 ±

0.03 ㎍/㎖) (Table 3). In the water extract of ginseng, there is

no electron donating activity, and in the fermented ginseng

extract, there is an electron donating activity, and thus it shows

differences according to materials and extraction solvent (Kim

et al., 2007; Doh et al., 2010).

Given the free radical scavenging activity was found to be

higher than that of the control group for both leafy vegetables

treated for the present study, wild ginseng culture broth may

have application in growing leaf vegetables.

4. Antimicrobial activity of leafy vegetables treated with

wild ginseng culture broth

There have been some reports of antimicrobial activity

assays of wild ginseng; however, few studies have reported

antimicrobial activity assays using wild ginseng culture broth

(Kim et al., 2016a).

In the current study, the results of antimicrobial analysis

using the two fold dilution method showed treated L. sativa

had an increase of 1,250 ㎍/㎖ growth inhibitory activity

against Salmonella enteritidis, a gram-negative bacterium.

Inhibition of Bacillus cereus was also identified to 625 ㎍/㎖ in

B. juncea (Table 4). It may be that antimicrobial activity,

identified in the treatment of the culture broth, could have

various potential applications. 

5. Analysis of general components of leafy vegetables

treated with wild ginseng culture

Prior research has identified to contain 9.08% water, 61.72%

carbohydrates, 17.36% crude protein, 0.23% crude lipid, and

10.90% crude ash in a 100 g (wet weight basis) sample in

wild ginseng cultured roots (Park et al., 2012).

Table 2. Free radical scavenging activity by DPPH1) method of
leafy vegetables treated with P. ginseng C. A. Meyer tissue
culture broth.

Plant Conditions RC50
2)(㎍/㎖)

L. sativa 
Control  311.12±0.13ab

Treatment  255.53±0.15ab

B. juncea 
Control 1,274.75±0.08db

Treatment  859.33±0.10cb

Ascorbic acid  6.30±0.14bb

1)DPPH; 1,1-diphenyl-2-picrylhydrazyl, 2)RC50; amount required for
50% reduction of DPPH after 30 min. Each value is means ±
standard derivation of three replicate tests. *Means with difference
letters are significantly different at p < 0.05 by Duncan’s Multiple
Range Test (DMRT).

Table 3. Free radical scavenging activity by ABTS1) method of leafy
vegetables treated with P. ginseng C. A. Meyer tissue
culture broth.

Plant Conditions RC50
2) (㎍/㎖)

L. sativa 
Control  900.60±0.04bc

Treatment  750.00±0.10ac

B. juncea 
Control 1,521.11±0.03dc

Treatment  825.40±0.05ab

Ascorbic acid  30.92±0.02cc

1)ABTS; 2,2'-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid), 2)RC50;
amount required for 50% reduction of ABTS after 30 min. Each value
is mean ± standard derivation of three replicate tests. *Means with
difference letters are significantly different at p < 0.05 by Duncan’s
Multiple Range Test (DMRT).
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In the current study, the moisture content of L. sativa treated

with wild ginseng culture broth was found to be lower than

that of the control group (93.8%). Crude ash, crude protein,

crude lipid, carbohydrate, and calorie content were 1.2%, 2.3%,

0.3%, and 2.4%, respectively. The moisture content of B.

juncea was also found to be less than that of the control, at

91.0%. Conversely; ash, crude protein and sulcus content were

0.2% (crude ash) and 0.6% (crude protein) higher than those of

the control for treated B. juncea. However, crude lipid and

carbohydrate content were the same as that of the control, at

0.2% and 4%, respectively (Table 5).

These findings indicate that the ash and crude protein

content of the leafy vegetables treated with culture broth were

higher than those of the control suggesting the protein source

may be enhanced by the increase of crude protein content

when the treated leafy vegetables are ingested.

6. Inorganic element analysis of leafy vegetables treated

with wild ginseng culture

The results of the current study found there was a change in

inorganic elements of leafy vegetables treated with wild

ginseng culture. L. sativa showed an increase in Ca, Mn, Mg,

V, and Se content; notably, Ca increased 1.5 fold and Mg

increased 1.3 fold. Conversely, the Zn content was decreased in

treated L. sativa, as was harmful As, which was decreased by

0.106 ㎎/ℓrelative to the control. In the B. juncea treatment

group Cu, Ca, Fe, Mn, Mg, Zn, V, Se content all increased; Fe

increased 3 fold, Mn 1.8 fold, and Se 2 fold. Harmful As also

decreased to 0.132 ㎎/ℓ relative to the control (Table 6).

Results also indicated inorganic element content of wild

ginseng root was the highest in P, Ca, and Mg consecutively

(Park et al., 2012). Inorganic elemental analysis of K and P

was not performed in the current study, but calcium and

magnesium were found to be higher than other elements

analyzed, somewhat in line with a study by Park et al. (2012).

The difference in the transition content and the transfer rate

of inorganic elements, that are transferred according to the

treatment of wild ginseng culture broth, is postulated to be

suppressed or accompanied by the presence or transitions of

other specific inorganic elements. It is thought this has various

effects, such as on crop growth and body absorption, by

increasing the content of rare elements (e.g., V and Se), by

increasing vitamin C resistance, and through antagonism and

antioxidant activity with heavy metals. 

From this study, the field of application of wild ginseng

cultivation broth can be used in various industries that are the

 

Table 4. Antimicrobial activities from the extract of leafy vegetables treated with P. ginseng C. A. Meyer tissue culture broth.

Microorganisms

MIC1) (㎍/㎖)

L. sativa B. juncea
Benzoic acid

Control Treatment Control Treatment

Gram (+) Bacillus cereus ATCC 14579 1,250 1,250 1,250 1,625 625

Gram (-)
Escherichia coli ATCC 25922 2,500 2,500 2,500 2,500 1,250

Salmonella enteritidis ATCC B076 2,500 1,250 2,500 1,250 1,250
 1)The MIC values against bacteria were determined by the serial 2 fold dilution method. 

Table 5. Proximate composition of leafy vegetables treated with P. ginseng C. A. Meyer tissue culture broth.

Crops
L. sativa B. juncea

Control Treatment Control Treatment

(%)

Moisture (%) 94.900±2.000a 93.800±1.000ab 91.800±2.000c 91.000±1.000cd

Crude ash 01.100±0.050cd 01.200±0.020c 01.600±0.010b 01.800±0.000a

Crude protein 01.900±0.070d 02.300±0.000bc 02.400±0.000b 03.000±0.010a

Crude lipid 00.200±0.001ab 00.300±0.001a 00.200±0.001ab 00.200±0.000ab

Carbohydrate 01.900±0.020c 02.400±0.000b 04.000±0.080a 04.000±0.070a

Calorie (㎉) 17.000±1.000d 21.500±1.100c 27.400±1.000b 29.800±1.200a

Each value is mean ± standard derivation of three replicate tests. *Means with difference letters are significantly different at p < 0.05 by Duncan’s
Multiple Range Test (DMRT).
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basis of new bio-materials by increasing functionality due to

the growth promotion and the change of physiological activity

in agriculture.
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