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Growth and Ginsenoside Content in Different Parts of Ginseng
Sprouts Depending on Harvest Time
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ABSTRACT

Background: Since the revised Ginseng Industrial Act was passed, ginseng sprouts have become a new medicinal vegetable for
which there is high consumer demand. However, the existing amount of research and data on ginseng production has not kept pace
with this changed reality.

Methods and Results: In this study we analyzed the changes in the amounts of ginsenosides in different parts of growing ginseng
sprouts during the period from when organic seedlings were planted in nursery soil until 8 weeks of cultivation had elapsed, which
was when the leaves hardened. In the leaves, ginsenoside content increased 1.62 times with the panaxadiol (PD) system and 1.31 -
1.56 times with the panaxatriol (PT) system from 7 to 56 days after transplantation. During the same period, the total ginsenoside
content of the stems decreased by 0.66 - 0.91 times, and those of the roots increased until the 21% day, and then underwent steep
declines. The effect of fermented press cake extract (FPCE) and tap water (TP) on the total amount of ginsenoside per plant were
similar, and could be represented with the equations y = 1.4330 + 0.2262x - 0.0008x> and y = 0.9555 + 0.2997x - 0.0031x* in
which y = ginsenoside content x = amount of and on the total amounts of FPCE or TP, respectively after 26.4 days, however, the
difference between ginsenoside content with FPCE and TP widened.

Conclusions: These results suggested that the amounts of ginsenosides in different parts of ginseng varied with the cultivation
period and nutrient supply. These findings also provide fundamental data on the distribution of ginsenosides among plant parts for 2-
year-old ginseng plants in the early- growth stage.
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INTRODUCTION

Ginseng (Panax Ginseng C. A. Meyer) is a perennial
herbaceous plant belonging to the genus of Araliaceae that
has been widely used for medicinal purposes in East Asia
since 2,000 years ago.

Since a unique ingredient ginsenoside, plays a positive
role, ginseng is known to have anticancer (Suh et al.,
2007), anti-stress (Kim et al., 2003), neuro-protective (Lopez

et al., 2007), and antidiabetic (Vuksan et al., 2008) effect.
2010; Park, 2012) have
found that the amount of ginsenosides is higher in leaves

As recent studies (Kim er al.,
than roots, consumers and producers are interested in
leaves of ginseng. As new farming method for ginseng
growing sprouts, specifically, produces ginseng with the
following procedure: seedlings that have passed organic or
residual pesticide tests are harvested and stored frozen at

—4T.
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Then, when there is a buying demand, the ginseng
seedling is planted to grow sprouts for 2 to 8 weeks.
Until 2014, hydroponic ginseng producers maintained pH
and EC of the nursery soil at 6.0£0.5 and 1.0+£0.2dS/m
for 3 to 4 months after transplanting the seedlings (RDA,
2014).

This common method had limitations in using leaves
thatched As the
regulations of 2016 specified in the Ginseng Industrial Act
(MAFRA, 2016) relaxed restrictions on nurturing ginsengs
only with particular

and stems as vegetables. revised

nutrient solutions except for the
specified cultivation period, ginseng producers are able to
use either nutrient solutions or clean water. As a result,
ginseng leaves are now produced with a softer texture,
and sales of domestically produced ginseng leaves in the
vegetable market grew from KRW 600 million in 2014 to
KRW 18.3 billion in 2016. This is an increase in market
demand of approximately 30 times within two years and
this continuous rapid growth seems to be positive.

With the revised Ginseng Industrial Act, ginseng sprouts
have become a new medicinal vegetable with high
consumer demand in the market. However, the existing
research data on ginseng production does not reflect the
changed reality; there are insufficient studies on ginseng
the

hydroponics ginseng cultivated by the previous method that

sprouts, as general study focus has been on

applied nutrient solutions to nursery soil or water for 3 to

4 months. In the case of 4-months-old hydroponics
ginseng, the total amount of ginsenosides in stems and
roots is 1.1-1.5%, while the leaves have 13.3-16.1%,

which is 12 times greater than the amount in stems and
roots (Kim er al, 2010). However, during the different
stages of cultivation, the proportion of ginsenosides in
ginseng changes (Shi et al., 2007).

Therefore, this study analyzed the changing amounts of
ginsenosides in growing ginseng sprouts by parts during
the period after organic seedlings are planted in nursery
soil until eight weeks of cultivation, when the leaves
harden.

This ginseng is either irrigated by fermented press cake
extract (FPCE) or tap water (TW) during the 8-weeks of
cultivation. This research analysis meets the current demand
of the ginseng production market in addition to providing

fundamental data on the distribution of ginsenosides by
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type for 2-years-old ginseng in the early-growth stage.

MATERIALS AND METHODS

1. Growth conditions of ginseng sprouts
this study
ginseng C. A. Meyer) purchased from a farmhouse in

For the analysis, sowed ginseng (Panax
March 2014 in nursery soil specifically mixed for ginseng

production and these organic seeds were cultivated to
organic seedlings of 0.8 g in a greenhouse protecting
them from rain without agricultural pesticides and chemical
fertilizers (Jang et al., 2015).

For

long-term  preservation, the

frozen at —4C after being harvested in the middle of
November, and then in May of the following year the

seedlings were kept

frozen seedlings were stored at 2-4C for five days and
then replanted in 35-plug seedling trays.
The

cultivation

ginseng  seedlings moved to closed

system that the

20+ 17C, relative humidity at 40+10%, and CO, level at
400+ 50 pM  (similar to natural atmosphere concentration).

were a

maintained temperature  at

A consistent optical distance environment was set with 8
hours of LED lighting per day with a blending ratio of
blue light and red light of 7:3 and photosynthetic photon
flux of 50+2umol/m%s with an LI-250A quantum sensor
(LI-COR Co., Lincoln, NE, USA) on the leaf surfaces of
2-years-old ginseng at a distance of 20 cm above them.

After setting up the environment, the soil moisture level
was maintained at 15-18% by automatically controlling
the space in groups with 500-times diluted FPCE and TW
without any additional chemical nutrients. The fermented
press cake in the FPCE composition was purchased from
the market and the percentages of T-N, P,Os;, K,O, CaO,
MgO, and water content prior to dilution were 3.89, 2.21,
1.35, 0.89, 1.01 and 11%, respectively.

2. Nursery soil chemical analysis

This study analyzed chemical changes in soil composition
after automatic applications of FPCE and TW every 4
weeks.

The assessments consisted of measuring changes in the
pH and EC of the filtrate solution after drying the soil
with wind and diluting it at 1:5 with distilled water and
v/iv (NIAST, 2012).
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ACN analyzer (Vario Max CN, Hanau, Germany) was
used to measure the total amounts of carbon and nitrogen
and other organic matters were calculated based on the
total carbon measurements.

An ICP-OES (GBC Scientific
Australia) was used to measure the amount of P,Os with
the Lancaster method (Eo ef al., 2011) and the amount of
the exchangeable cation after being filtered with Toyo No.
SB.

Equipment, Braeside,

3. Measurements of growth including chlorophyll content
and dry weight

After replanting the ginseng seedlings, the chlorophyll
content, leaf areas, and partial dry weights of 20 plants
per treatment were measured every seven days.

The chlorophyll contents were measured by averaging
the contents after using a portable chlorophyll meter
(Konica Minolta, Tokyo, Japan) three times per ginseng
and the leaf areas were measured with the WindDIAS
system (ADC, London, England)

minimize the overlapping of the leaves.

image analysis to
The dry weights of ginseng parts were measured with

an electronic scale (CAS, Seoul, Korea) after being parted

into leaves, stem, and roots and dried in the same
condition for five days at —80C.

4. Analysis of partial ginsenosides

This study analyzed the amounts of 10 types of
ginsenosides in the cultivated ginseng sprouts after

categorizing them into leaves, stems, and roots.

First, 70% MeOH 2m¢ was added and mixed well with
0.2g of the ginseng powder samples dried in the same
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minutes at 50C. Then the supernatant obtained by 15min
centrifugation at 13,000 rpm was processed by Sep-Pak.

condition and assessed with ultrasonic waves for

In other words, a Sep-Pak Plus Cjg cartridge was first
conditioned by 3m¢{ MeOH and then conditioned by 3 m{
dd-H,O as the second step. The ginsenoside component
extracted gradually by 2ml{ MeOH while the
saccharide of the 1m{ sample liquid was eliminated by
10ml dd-H,O loaded in a cartridge. The purified extract

was filtered through a 0.45/m membrane filter and then
used as an HPLC analysis sample (Jang et al., 2016).

was

The contents of ginsenosides were measured with the
Nexera X2 UPLC system (Shimadzu, Kyoto, Japan) and
10 types of Rb;, Rb,, Rb;, Rc, Rd, Re, Rf, Rg;, Rg,,
and Rh; (ChromaDex, Irvine, CA, USA) were used as
standard reagents.

The flow rate of the mobile phase (0-1min, 27% B;
1-6min, 28% B; 6-10min, 28% B; 10- 30 min, 34%
B; 30-33min, 80% B and 33 -35min, 27% B) was 0.5-

0.8 mé/min, the column temperature was 40C, the
wavelength of the UV detector was 203 nm, and the
column was Halo RP-amide (4.6x150mm, 2.7 pm,

Advanced Analytical Technologies Inc., Wilmington, DE,
USA).

5. Statistical analysis

The results obtained from this experiment on FPCE and
TW treatment plot were analyzed with student’s #test
using the SAS software package (SAS v9.4, SAS Institute
Inc., Cary, NC, USA), and the difference was proven to
be statistically significant when the p=value was under
0.05.

Table 1. Changes of nursery soil chemical properties by auto-irrigation of fermented press cake extract and tap water during cultivation

period.
NO P,O K Ca M Na
DFTY Treatment PH dEC O{(V‘ 3 25 8
(1:5) (dS/m) (g/ks) (mg/ 0) Ex. Cation (cmol*/ £)
Pre-cultivation 5.91 0.06 367 4.96 25.12 0.07 2.05 1.87 0.09
FPCE? 6.14 0.12 325 4.72 21.31 0.07 2.68 2.96 0.24
28 T™W? 6.16 0.08 309 2.50 9.35 0.05 2.39 2.41 0.20
t-test ns *k ns *k *k *% * *ok ns
FPCE 6.09 0.14 337 13.73 29.18 0.05 2.94 3.98 0.25
56 W 6.17 0.07 310 0.49 9.93 0.04 3.06 3.08 0.27
t-test ns *x ns *x *x * ns *x ns

Values are presented as means of triplicate determinations from separate experiments. Significantly different at *p < 0.05 and **p < 0.01
compared to FPCE and TW. NS; Not significant. "DFT; Days for treatment, ?FPCE; Fermented press cake extract, *TW; Tap water.
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RESULTS AND DISCUSSION
1. Changes in nursery soil chemical properties
Table 1 shows the changes in nursery soil chemical

properties when the FPCE and TW were automatically
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Fig. 1. Partial dry weight of ginseng sprouts applied

fermented press cake extract (FPCE) and tap
water (TW) after transplanting seedling. A; leaf,
B; stem, C; root. The vertical error bars represent
the standard errors (n = 20). *p < 0.05 and **p
< 0.01 compared to FPCE and TW. NS; Not
significant.
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adjusted to 15-18% moisture content during the

cultivation of ginseng (Panax Ginseng C. A. Meyer)
sprouts.

There was no statistical difference between FPCE and
TW in pH, OM, and Na regardless of the treatment days
and in Ca after 56 days of treatment. However, EC, NO;,
P,0s, K, and Mg were measured higher in FPCE than in
TW and when FPCE was used, the amounts of these
components were in an increasing trend prior to
cultivation to 56 days of cultivation. When TW was used,
EC, NO;, P,Os, K, and Mg tended to decrease or stay
the same except Ca. This seems to be the case because
the components were filtered as extracts by the water
without any nutrition added. (Jang et al., 2013).

The continuous watering maintained the moisture level
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Fig. 2. Leaf area and SPAD value of ginseng sprouts
applied fermented press cake extract (FPCE)
and tap water (TW) after transplanting
seedling. The vertical error bars represent the
standard errors (n = 20). *p < 0.05 and **p <
0.01 compared to FPCE and TW. NS; Not
significant.
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and increased the pH compared to the level prior to
cultivation, but the pH ranged around at 5.4-6.2, the
appropriate level for non-soil cultivation. When the level
of pH increases beyond the appropriate level in non-soil
cultivation based on peat- moss rather than nursery soil
with minerals, the soil strongly adheres with inorganic
1961; Park et al, 2014).
This prevents crops from absorbing necessary nutrients so

substance (Lucas and Davis,

that non-soil cultivation prompts various considerations for
growing ginseng sprouts.

2. Effect of FPCE and TW on growth by harvest time

Differences in  nutrient  compositions  significantly
influence the parts of ginseng sprouts.

Seven days after replanting seedlings, the root growth of
ginseng sprouts produced by FPCE decreased, while the
stems increased and leaves had no difference. In terms of
the total dry weights of ginseng
weights significantly  different
(148.8 mg/g) and FPCE (148.3 mg/g).

This means that the distribution of matter production

sprouts, the average

were not between TW

started from the rhizome of the ginseng as the emergence
of the ground part is done first with the stem rather than
with the leaves (Lee 1996; Proctor, 2008).
Nonetheless, but total amount did not change during
cultivation. This growth pattern continued until the 14"

et al.,

day of cultivation when the weight of leaves became
greater, and the weight difference between the stem and
leaves widened until the 28" day. From the 35" to the
42" day, the difference narrowed but was greater than the
error range. Then, after the 42" day, it was clear that
ginseng sprouts grown with FPCE were greater in dry
weight than the ones cultivated with TW.

Regardless of the nutrient supply, the growth of the top
shoots rapidly increased until the 35" day, similar to the
weight of the Then after the 35"
enlargement became more apparent. The deficiency of N,

roots. day, root
K, and Mg hinders the growth of ginseng leaves.

In particular the deficiency of N, as the plant cell
and nucleic acids
If the

yellow

components of amino acids, protein,
inhibit the growth
deficiency persists, most

leaves.
exhibit
leaves, especially old leaves close to the base (Kwon et
al., 1999; Lee et al., 2013; Kim et al., 2015).

The SPAD value in Fig. 2 shows that, despite the

directly of plant

plant  species

[7]8d AHMALS| Ginsenoside
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chlorophyll-producing ability of the seedling germ, damage
to the leaves occurs when the inorganic element supply is
not smooth from the 35" day.

Plants that have the N deficiency often have stems with
This the
accumulation of carbohydrates that are not used in the

a woody texture. lignification is due to
synthesis of amino acids or other N-containing compounds
(Bloom et al., 1993; Aber et al., 2003) K, present in the
plant in the form of cation, plays an important role in
regulating the osmotic potential of plant cells. The stem
of a K-deficient plant is thin and weak (Navetiyal et al.,
1989). In this experiment to produce ginseng sprouts, it is
considered that N and K deficits dry

weights of the stems at the same time from an early

influenced the

stage.

In plant cells, Mg also plays a specific role in the
activation of enzymes involved in respiration, photosynthesis,
DNA and RNA synthesis. In the experiment, since Mg is
also part of the chlorophyll ring structure (Wahome et al.,
2001), it would have been deficient with N, which would
inhibited the
maintenance of chlorophyll content. However, on the 21%

have expansion of ginseng leaves and
day, while the ginseng sprouts with TW applied showed
such deficient conditions that nutrient production was not
active at full capacity, they had a 4.4% greater mass in
average total weight than the ones with FPCE with 19.6%
lower mass for the upper parts and 30.7% greater root
weights.

This is because the distribution of matter production
originating from the root can consume more inherent
stored matter for producing leaves or stems. This suggests
that in terms of per plant weight, it is more beneficial
for farms with difficulties in applying additional nutrients
to harvest ginseng sprouts only on water on the 21% day

after planting ginseng seedlings.

3. Analysis of partial ginsenoside during cultivation
period

Changes in the ginsenoside contents of ginseng sprouts
during automatic applications of FPCE and TW are shown
in Fig. 3. As existing studies found, leaves have 6-8
times greater total ginsenoside contents than ones in roots
or stems (Kim et al., 2010).

The ginsenoside contents and stems

of roots were

similar in total, but the composition ratio differences of
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the panaxadiol (PD) system (Rb;, Rb,, Rb;, Rc and Rd)
and panaxatriol (PT) system (Re, Rf, Rg;, Rg, and Rh))
were large. In the case of roots, the ratio of PD and PT
is about 1:1, but stems is about 1:8.

While most of the ginsenosides were composed of PT,
P6H and chtochrome P450 genes are activated more in
roots than other parts. This seems to be the case because
protopanaxadiol can easily be converted to protopanaxatriol
(Huang and Zhong, 2013).

Although the total ginsenoside content of ginseng is
important, the PD/PT ratio is a more important factor in
terms of its efficacy to consumers (Jin er al., 1999). PD-
based ginsenoside is effective for central nervous system
sedation and anti-inflammation, and PT ginsenoside is
effective for fatigue recovery, strength improvement, and
cholesterol reduction (Kim et al., 2008).

Thus, the optimal ratio seems to be approximately 1.0.
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Fig. 4. Changes in partial total §insenoside per plant of
ginseng sprouts applied fermented press cake
extract (FPCE) and tap water (TW) after
transplanting seedling. A; leaf, B; stem, C; root.
Data represent the means = SD (n = 3).
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According to Kim ef al (2010) the ratio of PD/PT in
hydroponic ginseng roots is 0.5-0.6, but in this study, in
the case of ginseng sprouts, they have a PD/PT ratio of
approximately 0.8 -1.0, which is a level similar to 4-years-
old ginseng (Han et al., 2013).

The composition of ginsenoside contents in ginseng

sprouts showed various patterns by part with varying

cultivation periods. In the case of leaves, ginsenoside
contents increased 1.62 times in the PD system and 1.31 -
1.56 times in the PT system from 7 days to 56 days
after transplantation. In the case of stems, the ginsenoside
contents decreased by 0.6-0.89 times in the PT system,
while the PT
ginsenosides, and the total similarly decreased by 0.66 -
091 times.

The ginsenoside contents in roots increased until the 21

system contained the majority of the

day; and then showed a steep decline, which seems to be
related to the distribution of the matter substances in the
roots. This assumption is based on the observation that as
the root dry weight decreased, the intrinsic ginsenoside
contents increased and then decreased again from the 21
day, while the dry weight increased.

Similarly, tended
increase gradually after the 28" day, when the dry weight

ginsenoside contents in leaves to
of leaves started to be maintained.

Many studies comparing ginsenoside contents by ginseng
age have shown that the ginsenoside concentrations of 4-
years-old ginseng was higher than that of 6-years-old
ginseng (Court et al., 1996; Li and Wardle, 2002).

This
between ginsenoside

indicates that there is a significant relationship

contents and ginseng growth. In
particular, the difference is more apparent among short-
term lived ginseng sprouts.

This study consistently found that ginsenoside contents
was higher with TW-applied ginseng sprouts which had
less leaf growth. However, as there was no significant
growth difference in stems or roots by FPCE and TW,
the more apparent difference came from the number of
FPCE applications.

Ginsenoside is a glycoside conjugated with aglycone, the
chemical structure of which is a dammarane triterpene,
the of

and

accumulation
light

accumulation of Na contents cause stress in plants, thus

and is largely influenced by

photosynthetic ~ products.  Excessive uptake

inhibiting the growth of ginseng and interfering with the
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accumulation of carbohydrates (Ashraf and Orooj, 2006; 347.

Jang et al., 2016). Ginseng, which has fewer accumulated
saccharides, is forced to increase its ginsenoside content
naturally. The ginsenoside changes per plant in leaf+ stem
+root were FPCE (y=14330+0.2262x-0.0008x>) and
TW (y=0.9555+0.2997x - 0.0031x?), where the x-axis is
the period and the y-axis is the amount of ginsenosides.

Analysis based on day 264, when the two
intersect, showed that the effects of FPCE and TW on
the amounts of ginsenosides were similar, and then after
day 26.4, the difference widened.

As ginsenosides are more abundant and the rate of

lines

ginsenoside accumulation is faster on leaves than on roots
or stems, the study results show that the effects of FPCE
and TW on ginseng ginsenosides are similar in leaves.
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